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back pain
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the lumbar spine (e.g. aortic aneurysm)

Radiculopathy

A block in the conduction of a spinal nerve or its roots,
typically resulting in the depression of reflexes, paraesthesia
and/or motor weakness that correspond with the affected
nerve root

Reducible discogenic

A subgroup of low back pain believed to be caused by a

pain

displacement of contents within the intervertebral disc that
responds positively to mechanical loading strategies

Saturation

A point where no additional information relating to the
research question will be identified by sampling more data.
Saturation was considered to be reached in this thesis when
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themes

Sensitivity

Proportion of people with the target condition who are
correctly identified by a positive test. A negative test result
on a highly sensitive test rules the condition out

Somatic referred pain
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xix
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SUMMARY
Identifying homogeneous subgroups of low back pain that are more responsive to a
specific treatment approach has been proposed as a method to improve outcomes in this
population. Reducible discogenic pain may represent a relevant subgroup of low back
pain where signs and symptoms respond positively to mechanical loading strategies.
Non-reducible discogenic pain has been described as a condition where signs and
symptoms arise from a painful disc but with a lack of positive response to mechanical
loading.
Functional restoration is a conservative treatment approach that has demonstrated
effectiveness for people with non-specific low back pain and has theoretical basis for
being the optimal treatment for non-reducible discogenic pain. This thesis aims to
evaluate the effectiveness of functional restoration for people with non-reducible
discogenic pain.
The initial chapters bring together the evidence supporting non-reducible disocogenic
pain as a subgroup of low back pain. This includes information on the anatomy and
pathophysiology of normal and painful discs and a Delphi study surveying a panel of
international expert physiotherapists.
The conservative management options for non-reducible discogenic pain are then
evaluated. A literature review identifies physiotherapy functional restoration as a
potential treatment option for this condition. An individualised functional restoration
program protocol is subsequently developed and evaluated in a randomised controlled
trial. Individuals with non-reducible discogenic pain who underwent the individualised
functional restoration program plus guideline-based advice demonstrated significant and
more rapid improvements at 10 weeks (back pain, leg pain and activity limitation) and
26 weeks (activity limitation) compared to those who received advice alone. A
qualitative study exploring the experiences of the participants who completed the
program is then presented. The participants reported a range of physical and
psychological improvements that strengthen the quantitative results.

xxi

This thesis provides support for an individualised functional restoration program as a
viable treatment option for people with non-reducible discogenic pain. However, further
research with larger samples is required before this treatment can be recommended in
clinical practice.
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CHAPTER 1: INTRODUCTION
1.1 The low back pain problem
Low back pain (LBP) describes symptoms that are perceived from a region localised
below the costal margins and above the inferior gluteal folds, with or without leg
symptoms (Koes, van Tulder, & Thomas, 2006).
The prevalence of LBP is at epidemic proportions (Buchbinder et al., 2013; Fritz,
Cleland, Speckman, Brennan, & Hunter, 2008; GBD 2016 Disease and Injury Incidence
and Prevalence Collaborators, 2017; Louw, Morris, & Grimmer-Somers, 2007). In
Australia, LBP is the ninth most common presentation seen in general medical practice
(Cooke, Valenti, Glasziou, & Britt, 2012) and accounts for 2% of all patient encounters
(Williams et al., 2010). An estimated 79.2% [95% confidence interval (95% CI): 77.3 to
81.0] of Australians experience LBP at some stage in their life, with 25.6% (95% CI:
23.6 to 27.5) experiencing back pain on any given day (Walker, Muller, & Grant, 2004).
These figures are consistent globally, with a lifetime prevalence estimated at 60-70%
and point prevalence reaching up to 33% (Duthey, 2013; Hoy et al., 2014; Walker,
2000).
Low back pain places a substantial burden on society. In 2016, LBP was ranked
globally as the seventh leading cause of disease and injury that contributed to health
loss due to premature mortality and years of life lived with disability, as measured by
disability-adjusted life years (GBD 2016 DALYs and HALE Collaborators, 2016;
Institute for Health Metrics and Evaluation, 2016). This ranking equated to an estimated
57 million years lived with disability (GBD 2016 Disease and Injury Incidence and
Prevalence Collaborators, 2017). There is also a large economic burden, defined as the
total cost associated with the disease (Dagenais, Caro, & Haldeman, 2008; Hoy, Brooks,
Blyth, & Buchbinder, 2010), which includes direct (e.g. healthcare intervention
spending), indirect (e.g. productivity losses) and intangible (e.g. reduction in quality of
life) costs (Dagenais et al., 2008; Hoy et al., 2010). In Australia, the total cost of LBP in
2001 was estimated at approximately AU$9.17 billion (Walker, Muller, & Grant, 2003).
These figures attributed to LBP underscore the extent of the LBP problem.
The natural history of LBP is often described as favourable, with recovery
predominantly occurring in the first six weeks (da C. Menezes Costa et al., 2012; Itz,
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Geurts, Kleef, & Nelemans, 2013). Although many people rapidly improve following an
episode of LBP, systematic reviews have reported that on average over 60% of people
continue to experience persistent pain and disability 12 months after the onset of LBP
(da C. Menezes Costa et al., 2012; Itz et al., 2013; Lemeunier, Leboeuf-Yde, & Gagey,
2012). People with persistent LBP demonstrate distinct pain recovery trajectory patterns
including diminished pain in the absence of full recovery, persistent fluctuating pain or
persistent high-level pain (Downie et al., 2016). In individuals who recover, a recent
systematic review suggests that the rate of recurrence of LBP is between 24% and 59%
(da Silva et al., 2017).
In summary, LBP is a substantial health problem that affects individuals around the
world. Many people who experience an episode of LBP will improve rapidly, however,
a large proportion will continue to experience persistent and/or recurrent symptoms at
12 months.
1.2 Treatment of low back pain
A wide range of treatment options are available for people with LBP including surgical,
pharmacological and conservative interventions (Foster et al., 2018; Oliveira et al.,
2018). However, despite a large body of research, randomised controlled trials (RCTs)
commonly demonstrate either no or modest effects (Enthoven, Roelofs, Deyo, van
Tulder, & Koes, 2016; Macedo et al., 2016; Marin et al., 2017; Poquet et al., 2016;
Saragiotto, Maher, Yamato, Costa, Costa, et al., 2016; Traeger, Buchbinder, Harris, &
Maher, 2017; Wegner et al., 2013).
The lack of evidence to support the effectiveness of treatment for LBP may be due to
heterogeneity. Clinical guidelines typically suggest that people with LBP, after
individuals with red flags have been excluded, should be treated as a “non-specific”
condition (Hartvigsen et al., 2018; Oliveira et al., 2018). Non-specific LBP can be
defined as any back pain, with or without referred leg pain, that does not fall into the
categories of specific disorders affecting the lumbar spine (e.g. cauda equina syndrome,
radiculopathy, or spondyloarthropathy), or pain arising from problems beyond the
lumbar spine (e.g. aortic aneurysm) (Maher, Underwood, & Buchbinder, 2017).
However, it has been suggested that people with non-specific LBP may fall into
different subgroups (types of LBP) that may be more responsive to specific rather than
generic treatment (Ford, Story, O'Sullivan, & McMeeken, 2007; Foster, Hill,
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O'Sullivan, & Hancock, 2013; Fritz & George, 2000; Nielsen, Kent, Hestbaek, Vach, &
Kongsted, 2017). If this hypothesis is true, the recruitment of heterogeneous samples in
RCTs could potentially lead to treatment being applied inappropriately to some
participants who may not benefit from the treatment and hence dilute the overall results
in the trial (Ford et al., 2007; Fritz, Cleland, & Childs, 2007).
1.3 The development of subgroups for low back pain
Randomised controlled trials that recruit homogeneous subgroups of LBP, which are
likely to be more responsive to specific treatment, have the potential to demonstrate
larger and clinically important treatment effects (Ford et al., 2007; Foster, Hill, & Hay,
2011). An example of this is the management of inflammation in people with sciatica as
the cause of their LBP. A recent systematic review showed significant immediate-term
(≤ 2 weeks) effects on pain intensity in favour of non-steroidal anti-inflammatory drugs
(NSAIDs) compared to placebo treatment (mean difference -6.2, 95% CI -8.2 to -4.2),
but non-significant short-term effects (> 2 weeks but ≤ 3 months; mean difference 3.3,
95% CI -1.5 to 8.1) in people with sciatica (Machado et al., 2017). However, it was
unlikely that inflammatory processes were relevant in all cases. The recruitment of
participants with relevant inflammation theoretically may result in significant short-term
treatment effects than those reported in the systematic review.
The importance of subgroup identification and the application of specific treatment are
supported by the complex and multi-dimensional nature of LBP. The relevance of the
different dimensions in LBP such as pathoanatomical, psychosocial,
neurophysiological, impairment and genetic factors have been emphasised in the
International Classification of Functioning, Disability and Health (World Health
Organization, 2001), clinical guidelines for LBP (Foster et al., 2018) and an
internationally accepted standard on clinical reasoning (Jones, 2013). The complexity of
LBP is also reflected by the large diversity of existing subgrouping approaches (Billis,
McCarthy, & Oldham, 2007; Ford et al., 2007; Ford & Hahne, 2013a; Karayannis, Jull,
& Hodges, 2012; Kent, Keating, & Leboeuf-Yde, 2010; McCarthy, Arnall, Strimpakos,
Freemont, & Oldham, 2004). Examples of the various approaches include the
impairment-focussed Treatment-Based Classification (Delitto, Erhard, & Bowling,
1995), McKenzie Method (McKenzie & May, 2003), psychosocial-based approaches
such as STaRT Back (Hill et al., 2011) and pathoanatomical models (Petersen et al.,
2003). Given the complex multi-dimensionality of LBP, a “one size fits all” approach to
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the management of LBP is unlikely to result in optimal outcomes (Ford & Hahne,
2013a).
The process of identifying and ordering entities into subgroups with a maximum
between-group heterogeneity and within-group homogeneity is known as classification
(Bailey, 1994). The identification of valid subgroups of LBP likely to be more
responsive to specific treatment is considered a challenging but high priority research
activity (Cherkin et al., 2009; Costa Lda et al., 2013; Foster, Dziedzic, Windt, Fritz, &
Hay, 2009). Historically, experts have developed subgrouping approaches by
assimilating the best available evidence with their clinical experience (Buchbinder,
Goel, Bombardier, & Hogg-Johnson, 1996; Ford et al., 2007). More recently,
subgrouping guidelines used in the medical domain (McGinn et al., 2000) have been
extrapolated to LBP to assist and standardise the development of subgrouping
approaches (Kent et al., 2010). Figure 1.1 outlines the phases suggested for the
development and validation of LBP subgroups using this approach (Hancock, Herbert,
& Maher, 2009; Kent et al., 2010). The first phase consists of studies evaluating
assessment methods that are potentially relevant in subgrouping. The second
(hypothesis-setting) and third (hypothesis-testing) phases attempt to identify the unique
features or characteristics of clinically relevant subgroups. This is then followed by a
series of validation phases including an impact analysis that evaluates the feasibility of
implementing the subgrouping approach in clinical practice and the ability for the
approach to improve outcomes in usual care.
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1. Studies of assessment methods
Studies that:
a) create or improve tools that assess clinical features potentially indicative of a subgroup (design:
studies of reliability, responsiveness, acceptability and feasibility)
b) measure or improve the reliability, validity and responsiveness of measurement methods (design:
head to head comparisons of similar measurement methods)

2. Hypothesis-setting studies
Studies that attempt to detect features that identify people who:
a) respond differently to specific treatment e.g. treatment effect modifiers (design: two group
randomised controlled trial)
b) regardless of treatment, recover at different rates or have a higher likelihood of a particular
outcome e.g. prognostic factors (design: cross-sectional or longitudinal analysis of data from
cohort studies)
c) have an increased probability of their pain being related to a particular pathoanatomical
structure e.g. diagnostic subgroups (design: two group randomised controlled trial for treatment
effect modifiers or cross-sectional or longitudinal data analysis from cohort studies for prognostic
factors)

3. Hypothesis-testing studies
Studies that test a priori hypotheses about subgrouping effects and use statistical analysis that
adjusts for multiple comparisons. Such studies must include pre-planned and appropriate
subgroup analyses that are adequately powered (design: randomised controlled trial for treatment
effect modifiers or cohort studies for prognostic factors)

4. Narrow validation studies
Studies that attempt to replicate the findings of hypothesis-testing studies in independent samples
of patients who are similar to those originally tested.(design: randomised controlled trial for
treatment effect modifiers or cohort studies for prognostic factors)

5. Broad validation studies
Studies that attempt to replicate the findings of hypothesis-testing studies in independent samples
of patients from broader populations than originally tested.(design: randomised controlled trial for
treatment effect modifiers or cohort studies for prognostic factors)

6. Impact analysis studies
Studies that examine, in routine care settings, the capacity of a specific subgrouping method to
change clinician behaviour, improve patient outcomes and increase health system efficiency.
(design: randomised controlled trials or time-series designs)

Figure 1.1:

Phases in the development and validation of low back pain subgroups

(adapted from Kent, 2010)
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A key component of the studies within the phases of hypothesis-setting, hypothesistesting, and subgroup validation are the testing for treatment effect modifiers. Treatment
effect modifiers are features or characteristics that indicate greater responsiveness to a
particular treatment (Kent et al., 2010). In RCTs investigating treatment effect
modifiers, the outcomes of a specific and a non-specific treatment are compared
between individuals with and without a certain baseline characteristic. If individuals
with the characteristic achieve a better treatment effect (i.e. difference between specific
treatment versus non-specific treatment) than those without the characteristic, then this
provides evidence for a subgroup based on this characteristic. An example of such
design is a trial where individuals presenting with LBP were assessed on whether they
met a set of clinical features that would suggest a positive response to spinal
manipulation (baseline characteristic) and then randomised to receive either spinal
manipulation (specific treatment) or exercise (non-specific treatment) (Childs et al.,
2004). The effect of having the baseline characteristic as a treatment effect modifier was
then calculated when the outcomes of the individuals with and without the baseline
characteristic were compared. The RCT found that individuals who met the set of
clinical features and received spinal manipulation had the greatest treatment effects
(odds ratio 60.8, 95% CI: 5.2 to 704.7). This baseline characteristic can subsequently be
used clinically to identify a LBP subgroup that is more likely to respond to a specific
individualised treatment.
Determining prognostic factors is an alternate and common research methodology of
relevance in subgroup development. In this design, characteristics associated with a
positive or negative outcome regardless of the treatment (prognostic factors) are
identified (Kent et al., 2010) They are useful in providing patients with an accurate
prognosis but are unable to identify which individuals will respond best to a specific
treatment (Hancock et al., 2009). As such, prognostic factors can be useful in the
hypothesis-setting but not the hypothesis-testing phase of subgroup development (Kent
et al., 2010).
Despite the promise of the above approach in the development of LBP subgroups, there
are significant limitations to be considered. To be adequately powered, the sample size
of the studies evaluating treatment effect modifiers need to be at least four times larger
than those investigating the overall treatment effect (Brookes et al., 2004; Hancock et
al., 2009). Given the complexity of LBP, a trial that addresses the multiple dimensions
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of LBP would require a large number of variables to adequately evaluate the treatment
effect modifiers, which further increases the necessary sample size (Foster et al., 2009).
The high costs and questionable feasibility, however, makes conducting such a trial
difficult (Gurung, Ellard, Mistry, Patel, & Underwood, 2015; Maher, 2013).
There are limitations to each of the research methodologies used in the hypothesissetting stage of subgroup development. Studies using a diagnostic accuracy approach to
evaluate different subgroups or clinical measures are limited by the inadequacy of the
available reference standards (Hartvigsen et al., 2018). Common reference standards
such as imaging, discography and diagnostic blocks have all demonstrated significant
false positive findings (Bogduk, Aprill, & Derby, 2013; Boswell et al., 2015; Brinjikji,
Luetmer, et al., 2015; Falco et al., 2012; Wolfer, Derby, Lee, & Lee, 2008) due to the
complexity of LBP, which include the influences from psychosocial and
neurophysiological factors (Carragee, Alamin, & Carragee, 2006; Carragee, Lincoln,
Parmar, & Alamin, 2006; Carragee, Tanner, et al., 2000). Despite the growing
popularity (Stanton, Hancock, Maher, & Koes, 2010) and defined methodological
rigour, ‘data-driven’ analyses for identifying and developing subgroups also have
significant limitations. Subgroups determined by statistical methods are more likely to
be artificial (Feinstein, 1972) and less meaningful in clinical practice (Ford et al., 2007;
Karayannis et al., 2012). The identified subgroups might not reflect the relevant causal
mechanisms of effect that are relevant for the selection of effective individualised
treatment (Feinstein, 1972; Ford et al., 2007; Heinrich, O'Hare, Sweetman, & Anderson,
1985). Although statistical processes are empirical in nature (Sneath & Sokal, 1973), a
degree of judgement is also needed to select the optimal statistical test to be performed,
which can also lead to bias (Feinstein, 1972; Ford et al., 2007; Heinrich et al., 1985;
Klapow et al., 1993).
Given the described limitations, it is reasonable to explore alternative strategies to
identify homogeneous subgroups.
1.3.3

Convergence of validity as an alternative subgrouping strategy

Convergence of validity refers to the evidence gathered from various sources that use
different research methods in the development and validation of LBP subgroups
(George & Delitto, 2005). As an alternative subgrouping strategy, this approach is
consistent with the original definitions of evidence-based practice that emphasise the
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interaction between clinical perspectives and the research literature (Sackett, Straus,
Richardson, Rosenberg, & Haynes, 2000). It also aligns with recent guidelines on the
development of subgrouping approaches (Ford et al., 2007; Reitsma, Rutjes, Khan,
Coomarasamy, & Bossuyt, 2009) and the biopsychosocial model by permitting multiple
dimensions to be incorporated into the subgroup (Ford & Hahne, 2013b).
The convergence of validity approach has been successfully used to develop and
validate subgroups in many domains other than LBP (Harris et al., 1994; Headache
Classification Committee of the International Headache Society, 1988). In complex
domains, researchers have emphasised the importance of expert clinical opinion to
resolve subgrouping issues (Feinstein, 1987; Spoto & Collins, 2008). The convergence
and integration of expert clinical opinion into sophisticated multi-dimensional
subgrouping systems have improved clinical outcomes in medical domains, such as
headaches and non-Hodgkin’s lymphoma (Harris et al., 1994; Headache Classification
Committee of the International Headache Society, 1988, 2013; Swerdlow et al., 2016).
For example, in the 1960s, a subgrouping system for headaches was initially proposed,
but only included short descriptions of a small number of disorders (Olesen & Steiner,
2004). In 1988, the system was refined by drawing on the opinions of more than 100
international headache experts to form the first internationally accepted and clinically
useful subgrouping system (Headache Classification Committee of the International
Headache Society, 1988). Subsequent research has demonstrated the validity and
reliability of these headache subgroup features using several different research
methodologies (Granella, 1994; Michel et al., 1993; Olesen, 1996). This demonstrates
an example of expert opinion and evidence from empirical research designs that
converge to provide a clinically useful subgrouping system.
The convergence of validity method has also been replicated in LBP research and
provided evidence for the features of inflammatory back pain (Rudwaleit, Landewé, et
al., 2009; Rudwaleit, Van der Heijde, et al., 2009; Sieper et al., 2009). The most recent
criteria used a stepped approach by first identifying features of inflammation based on
the judgement of 13 international experts, and then statistically refining and validating
an optimal set of features in independent cohorts (Molto et al., 2013; Rudwaleit, Khan,
& Sieper, 2005; Rudwaleit, Landewé, et al., 2009; Rudwaleit, Van der Heijde, et al.,
2009; Sieper et al., 2009).
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In essence, a convergence of validity approach is the equivalent to the hypothesissetting stage (Figure 1.1), where a range of research methodologies are considered in
developing a subgrouping system. However, the convergence of validity approach
accepts that the complete validation of such a system, particularly through repeated
treatment effect modifier studies is not likely to be feasible. This limitation in achieving
full validation should not prohibit the use of the subgrouping system in other research
designs such as an RCT, provided the limitations of system validity are acknowledged.
1.4 Subgroups of discogenic low back pain
The identification of homogeneous subgroups of LBP can facilitate the development of
more effective treatments. It is beyond the scope of this thesis to develop and validate
an entire classification system consisting of several subgroups. Given pathoanatomical
subgroups are commonly used clinically (Kent & Keating, 2005a) and may be a
relevant approach to improving clinical outcomes (Ford & Hahne, 2013b; Petersen et
al., 2003), this thesis focuses on one pathoanatomical LBP subgroup based on the
lumbar intervertebral disc (IVD). Chapter 2 thoroughly evaluates the evidence for this
subgroup. However, a brief introduction is presented below.
In accordance with the principles of convergence of validity, a large amount of data
from a range of research methodologies exist supporting the relevance of the lumbar
IVD in LBP subgrouping. The biological plausibility of the lumbar IVD as a source of
pain is well established. The disc is innervated, capable of causing pain observed
clinically and is susceptible to pathological processes known to cause pain (Bogduk,
2005). Furthermore, surveyed clinicians from various disciplines commonly label the
IVD as a putative pathoanatomical subgroup of LBP (Kent & Keating, 2005a). It is thus
reasonable to explore the IVD as a potentially relevant subgroup of LBP.
Researchers have proposed that subgroups of discogenic LBP may exist (McKenzie &
May, 2003; O'Sullivan, 2006; Petersen et al., 2003). The literature supports the
existence of a subgroup of discogenic LBP described as reducible discogenic pain
(RDP), where the signs and symptoms respond positively to mechanical loading
strategies (MLSs) such as repeated extension in lying exercises (May & Aina, 2012).
However, not every individual with putative discogenic LBP responds positively to
MLSs (May & Aina, 2012) and a subgroup for those who are non-responsive has been
called irreducible or non-reducible discogenic pain (NRDP) (McKenzie & May, 2003;
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O'Sullivan, 2006; Petersen et al., 2004). Specific treatment for people with NRDP has
not been described. However, due to a range of mechanisms (Donelson, Aprill,
Medcalf, & Grant, 1997; Edmondston et al., 2000; Kolber & Hanney, 2009; McKenzie
& May, 2003; Petersen et al., 2003; Petersen et al., 2004), this subgroup may be more
resistant to usual care and therefore require a more specific treatment approach based on
potential pathoanatomical mechanisms (Adams, Stefanakis, & Dolan, 2010; Heymans et
al., 2007).
1.5 Thesis aims
This thesis aims to evaluate the effectiveness of a specific treatment for people with
NRDP.
Chapter 2 evaluates the mechanisms underpinning discogenic LBP. The first section
summarises the literature regarding the anatomy, pathoanatomy and healing
mechanisms of the lumbar IVD. It also reviews the normal biochemical and
morphological changes that occur as an individual ages. This information is relevant to
the development and validation of discogenic LBP. The final section introduces NRDP,
a proposed subgroup of LBP. The conceptualisation and validity of RDP and NRDP as
subgroups of LBP are reviewed by drawing on the preceding sections on the
pathoanatomical changes in the lumbar IVD as well as the relevant clinical research
literature.
Chapter 3 contributes further evidence for the validity and clinical features of NRDP as
a subgroup of LBP through an expert panel of international physiotherapists using the
Delphi technique.
Chapter 4 examines the various treatment options for NRDP. These options are
reviewed with regard to potential mechanisms relevant to the lumbar IVD and the
opinions of the expert panel findings from Chapter 3.
Chapter 5 describes and justifies an individualised functional restoration (IFR) protocol
for people with NRDP.
Chapter 6 investigates the effectiveness of an IFR program compared with guidelinebased advice for people with NRDP through an RCT.
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Chapter 7 presents the qualitative outcomes and perspectives of the participants who
undertook the IFR program in the RCT described in Chapter 6.
Chapter 8 presents the overall findings and makes suggestions for future research to
investigate the validity of NRDP and its conservative management.
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CHAPTER 2: DISCOGENIC LOW BACK PAIN
2.1 Introduction
The IVD is an important structure in the normal functioning of the spinal column
(Bogduk, 2005). While pathological and morphological changes occur within the disc as
one ages, these may not necessarily lead to LBP (Boos et al., 1995; Jensen et al., 1994;
Videman et al., 2003). It is thus necessary to examine the anatomy and pathology
(including physiology) of the normal IVD to understand the pathoanatomical
mechanisms that lead to a symptomatic IVD.
This chapter reviews the anatomy, pathology and healing mechanisms of the IVD, as
well as the processes by which the disc becomes symptomatic. It then discusses the
pathoanatomical mechanisms relevant to the validity of RDP as a subgroup of LBP,
which in turn informs the mechanisms and validity of NRDP. This information forms
the foundation in the development and subsequent evaluation of the effectiveness of a
specific treatment for this condition.
2.2 The normal intervertebral disc
The IVD is a cushion of fibrocartilage that is interposed between two vertebral bodies
of the spinal column (Figure 2.1). It must be rigid enough to transfer load evenly
between the adjacent vertebrae, yet deformable to permit spinal movements.

Figure 2.1:

Oblique view of a segment of the spinal column (adapted from

(Moore, 1992)
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The IVD consists of a central nucleus pulposis (NP) enveloped by the outer annulus
fibrosus (AF). The caudal and cranial aspects of the IVD are covered by the vertebral
endplates (Figure 2.2), which although anatomically distinct are integral to the structure
and function of the disc.

Figure 2.2:

Structure of the intervertebral disc (adapted from Bogduk, 2005)

The NP is a gel-like mass composed predominantly of water and proteins called
proteoglycans held together by some irregularly arranged collagen fibres (Bogduk,
2005; Gruber & Hanley, 2003; Humzah & Soames, 1988). Aggrecan is the predominant
proteoglycan of the disc (Johnstone & Bayliss, 1995; Watanabe, Yamada, & Kimata,
1998). Due to its hydrostatic properties, aggrecan attracts water, causing the nuclear
tissue to swell. As a result, any attempt to deform the NP results in the pressure being
dispersed multi-directionally. This is analogous to pressure effects when lying on a
waterbed.
The AF consists of 15-25 concentric layers of collagen fibres, referred to as lamellae
(Marchand & Ahmed, 1990). The lamellae are highly organised with fibres in each
layer orientated approximately 65-70° from the vertical (Hickey & Hukins, 1980).
Although the angle is similar for each layer, the direction of collagen fibres in adjacent
lamellae alternates. This allows the IVD to effectively resist movements in various
directions (Bogduk, 2005). Even though the lamellae are arranged concentrically around
the NP, they are finer and more tightly packed posteriorly (Jayson & Barks, 1973;
Peacock, 1951). As a result, the thinner posterior annulus is potentially more susceptible

38

to injury. At the periphery, some of the lamellae fibres penetrate the bone of the
vertebral body via perforating Sharpey’s fibres (Humzah & Soames, 1988).
The vertebral endplate is a flat plate of cartilage that acts as a semi-permeable barrier
between the IVD and the adjacent vertebral body. Proteoglycan fragments within the
disc are thus prevented from escaping, enabling the disc to function normally (Roberts,
Urban, Evans, & Eisenstein, 1996). In children and adolescents, the vertebral endplate
acts as a growth plate until skeletal maturity is reached. At skeletal maturity, the outer
2-3 mm of the epiphyseal ring calcifies and fuses with the rim of the adjoining vertebral
body. Throughout adulthood, the central portion of the vertebral endplate abuts the IVD
and is usually less than 1mm thick (Eyring, 1969; Roberts, Menage, & Urban, 1989).
The thinnest portion is in the central region adjacent to the nucleus (Edwards, Zheng,
Ferrara, & Yuan, 2001; Roberts et al., 1989). The portion of the endplate adjacent to the
IVD is composed of fibrocartilage and firmly bound to the nuclear and annular regions
of the disc. The opposing portion that abuts the vertebral body, however, is weakly
attached via hyaline cartilage (Beattie, 2008). This interface is the weakest portion of
the endplate (Grant, Oxland, & Dvorak, 2001) and susceptible to injury when the disc is
exposed to trauma (Lundon & Bolton, 2001; Moore, 2006).
2.2.1

Innervation

In healthy adults, the innervation of the IVD is limited to the outer few millimetres of
the AF (Roberts, Evans, Trivedi, & Menage, 2006). Nerve endings arise from two
microscopic plexuses of nerves that accompany the anterior and posterior longitudinal
ligaments (Figure 2.3). The anterior plexus is formed from branches of the lumbar
sympathetic trunks and grey rami communicantes. The posterior plexus is formed from
the sinuvertebral nerves, a recurrent branch of the ventral rami that re-enters the
intervertebral foramina. Both plexuses wrap around the vertebral bodies and IVD before
joining to form the less pronounced lateral plexus.
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Figure 2.3:

The nerve supply of the lumbar intervertebral disc depicted in a

transverse view of the lumbar spine (adapted from Bogduk 2005)
Abbreviations: SVN = sinuvertebral nerves; ALL = anterior longitudinal ligament; PLL
= posterior longitudinal ligament

2.2.2

Vascular supply and nutrition

The IVD of a young human has a small number of blood vessels running between the
lamellae of the annulus (Roberts et al., 2006). However, this rapidly reduces by the first
decade of life (Roberts et al., 2006). The IVD is therefore commonly thought to be
largely avascular (Urban, Smith, & Fairbank, 2004). In healthy adults, there are no
major arterial branches to the IVD, with only branches from metaphyseal arteries that
anastomose over the outer surface of the AF to supply the outer annular layers (Bogduk,
2005). There are also capillaries arising from the vertebral marrow spaces (Maroudas,
Stockwell, Nachemson, & Urban, 1975) that supply the nucleus through the endplate
(Holm, Maroudas, Urban, Selstam, & Nachemson, 1981). The capillary network is
responsible for the supply of nutrients and removal of waste products within the IVD.
Due to its largely avascular nature, the majority of nutrition for the IVD is dependent on
the diffusion of metabolites from the outer annulus and vertebral endplates (Urban,
Holm, & Maroudas, 1978; Urban, Holm, Maroudas, & Nachemson, 1977; Urban et al.,
2004).
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2.2.3

Metabolism

To produce sufficient energy to function, the cells within the disc break glucose down
through the metabolic reaction known as glycolysis (Grunhagen, Wilde, Soukane,
Shirazi-Adl, & Urban, 2006). Although oxygen is not necessary for cell viability, cells
cannot survive long without glucose (Horner & Urban, 2001). As discussed below, low
oxygen levels have been linked to processes seen in ageing and disc degeneration
(Grunhagen et al., 2006; Urban et al., 1977). A by-product of glycolysis is the formation
of lactic acid, where accumulation creates a relatively acidic microenvironment and
results in a decrease in energy consumption, cellular matrix production and, ultimately,
cell death (Grunhagen et al., 2006; Horner & Urban, 2001).
2.2.4

Biomechanics

While the primary function of the IVD is to primarily transfer compressive loads
between vertebral bodies (Stokes & Iatridis, 2004; White & Panjabi, 1990), the disc is
also subjected to tensile and shear stress (Stokes & Iatridis, 2004; White & Panjabi,
1990). When a compressive load is applied to the disc, hydrostatic pressure develops
within the NP, which pushes towards the vertebral endplates (Bogduk, 2005; Broberg,
1983) and outwardly, causing the AF to bulge and experience tensile stress in its fibres
(Reuber, Schultz, Denis, & Spencer, 1982). The rate at which applied loads are
transmitted to the adjacent vertebra is slowed, thus allowing the IVD to act as a shock
absorber (Bogduk, 2005).
The secondary role of the IVD is to permit movements between vertebral bodies. The
movements of the lumbar spine are flexion, extension, lateral flexion, axial rotation,
compression and distraction (Bogduk, 2005; McKenzie & May, 2003). Other authors
have provided detailed descriptions on spinal movements (Bogduk, 2005; McKenzie &
May, 2003). However, in brief, when one bends forward as during lumbar flexion,
anterior compression of the disc occurs at the intervertebral body joint. The reverse
occurs with backwards bending or lumbar extension, where there is posterior
compression of the IVD.
During spinal movements, the compressive forces act to deform the NP. Due to the
turgidity arising from the hydrostatic pressures within the nucleus, the compressive
force causes the nucleus to migrate within the annulus in the opposite direction to the
compression (Fennell, Jones, & Hukins, 1996; Krag, Seroussi, Wilder, & Pope, 1987;
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Schnebel, Simmons, Chowning, & Davidson, 1988; Shah, Hampson, & Jayson, 1978).
For example, when bending forward, the NP migrates posteriorly within the annulus
and anteriorly when bending backwards (Figure 2.4).

Figure 2.4:

Direction of nuclear migration within the intervertebral disc during

flexion (left) and extension (right) (adapted from McKenzie, 1981)
This concept of the migrating nucleus is referred to as the dynamic disc model (Kolber
& Hanney, 2009). Nuclear migration has been shown to be predictable in asymptomatic
people in response to flexion and extension movements (Kolber & Hanney, 2009).
However, nuclear migration occurs in a less predictable manner in symptomatic or
pathological discs (Kolber & Hanney, 2009).
2.2.5

Section summary

In summary, a healthy IVD is a largely avascular cushion of fibrocartilage with three
distinct components, which allow for the transfer of load and the movement of the
lumbar spine. This, in turn, causes the NP to migrate within the AF. The next section
discusses the normal pathological changes that occur within the IVD with age.
2.3 The ageing intervertebral disc
While the IVD of a young healthy adult is morphologically different to that of a healthy
70-year-old disc, both IVDs may still be regarded as normal. The difference between
the IVDs is due to the process of ageing (Fardon et al., 2014). During this process, the
IVD uniformly undergoes various biochemical and morphological changes over its
lifetime. Although these changes may cause the IVD to become symptomatic (discussed
later in Section 2.6), they are generally not considered as pathological and often do not
produce symptoms (Bogduk, 2005).
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The majority of age-related changes within the IVD affect the NP (Bogduk, 2005). With
age, the disc’s meagre blood supply regresses to create a largely avascular cushion of
fibrocartilage (Coventry, 1969; Roberts et al., 2006). The decreased nutrient supply to
the IVD creates an environment with reduced oxygen and glucose levels (Roughley,
2004). This forces the cells to undergo anaerobic metabolism with the lactic acid byproduct creating a relatively acidic environment (Grunhagen et al., 2006). This acidic
environment limits the viability of the cells within the disc (Bibby & Urban, 2004),
which inhibits cellular matrix turnover (Razaq, Wilkins, & Urban, 2003) and slows the
rate of proteoglycan synthesis (Horner & Urban, 2001; Ishihara & Urban, 1999;
Ohshima & Urban, 1992). As proteoglycan is required to attract water, a reduction in
the number of proteoglycans causes the NP to become less hydrated (Antoniou et al.,
1996). The fluid pressure within the NP consequently falls (Adams, McNally, & Dolan,
1996), resulting in a reduction in hydration to approximately 70% by the age of 70
(Modic & Ross, 2007). The proteoglycans that remain are smaller in size (Adams &
Muir, 1976; Bushell, Ghosh, Taylor, & Akeson, 1977) and have a lower molecular
weight (Comper & Preston, 1974; Urban & Maroudas, 1980), causing the nucleus also
to become smaller and result in a reduced hydrostatic pressure (Adams, McMillan,
Green, & Dolan, 1996). Despite these changes, ageing does not lead to a substantial loss
of disc height (Boos, Wallin, Aebi, & Boesch, 1996; Luoma, Vehmas, Riihimäki, &
Raininko, 2001). It has also been suggested that processes other than ageing may be
responsible for the above-described changes, as discussed further in Section 2.4.1.
As the ageing disc becomes progressively disorganised (Urban & Roberts, 2003) there
is an increase in collagen content (Coventry, 1969; Jayson & Barks, 1973). In
association with this, the Type II collagen in the NP is converted to a denser Type I
fibre (Adams & Roughley, 2006; Duance et al., 1998; Schollmeier, Lahr-Eigen, &
Lewandrowski, 2000), with increased between fibre crosslinks (Pokharna & Phillips,
1998). This conversion creates a denser and more fibrous environment within the disc,
leading to the end stage represented by an amorphous fibrocartilage without a clear
distinction between the NP and AF (Adams, Eyre, & Muir, 1977; Brown, 1971;
Coventry, Ghormley, & Kernohan, 1945; Lipson & Muir, 1981).
Within the AF, the collagen lamellae become increasingly complex as one ages, and the
lamellae become thickened, with increased bifurcation and interdigitation (Roberts et
al., 2006). These changes, along with the loss of hydration and the increased fibrous
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state of the NP subject the AF to increased loads (Adams & Dolan, 2012; Adams,
McNally, et al., 1996). Cracks and cavities may consequently develop within the AF
(Jayson & Barks, 1973; Pearson et al., 1972), which can progress into clefts and overt
fissures (Roberts, Menage, Duance, Wotton, & Ayad, 1991), causing the AF to bulge
outwards (Adams et al., 2010). The discs of individuals as young as 2 years old have
demonstrated some very mild cleft formation and granular change to the nucleus (Raj,
2008).
2.4 Intervertebral disc degeneration
While the biochemical and morphological changes that accompany ageing are
considered normal, IVD degeneration is generally regarded as a pathological condition
(Adams, Lama, Zehra, & Dolan, 2014; Adams & Roughley, 2006). Disc degeneration
has traditionally been defined according to the presence or absence of specific changes
within the IVD (Adams et al., 2014). However, these changes are not dissimilar to
ageing and make it difficult to distinguish the two processes (Adams et al., 2014; Boos
et al., 2002; Podichetty, 2007; Raj, 2008; Vernon-Roberts, 1992). While some authors
have described ageing and degeneration as one entity, others have identified the two
processes as separate (Adams, 2005; Adams & Roughley, 2006; Bogduk, 2005; Fardon
et al., 2014; Modic & Ross, 2007). Ageing and degeneration have also been proposed as
the same process occurring within the IVD, with the only differentiating factor being
the rate at which they occur (Roughley, 2004). Adams and Roughley (2006) have
nonetheless proposed a meaningful definition of disc degeneration as:
‘an aberrant, cell-mediated response to progressive structural failure. The degenerate
disc is one with structural failure combined with accelerated or advanced signs of
ageing.’
This definition suggests that, although associated with the normal ageing process, disc
degeneration affects the IVD due to various known or unknown causes and leads to the
final common pathway of structural failure, defined as a collective of unambiguous
markers of permanent impaired IVD function (Adams & Roughley, 2006). Signs of
structural failure may include radial fissures, disc herniation, endplate damage, the
collapse of the annulus and disc narrowing (Fardon et al., 2014; Solovieva et al., 2002;
Videman et al., 1995).
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2.4.1

Structural failure

As discussed in Section 2.3, normal morphological changes of the IVD occur with age
and occur gradually over time (Battie & Videman, 2006; Jensen et al., 1994). In
contrast, these changes occur at an accelerated rate during degeneration (Adams &
Roughley, 2006). Consequently, signs of disc degeneration often appear by the third
decade of life (Boos et al., 2002; Fujiwara et al., 2000; Haughton, 2004; Horner &
Urban, 2001).
It has been suggested that two distinct routes of disc degeneration exist (Adams &
Dolan, 2012; Mok et al., 2010). The first type of disc degeneration arises from
disruption to the AF, whereas the second type arises from defects of the vertebral
endplate. The processes underpinning each route will be discussed, before reviewing the
final common pathway that leads to complete structural failure of the IVD.
The first type of disc degeneration commonly occurs in the lower lumbar spine. It is
driven by disruption of the AF (also known as an annular fissure or tear), which is
independent of ageing and other fissures (Adams et al., 2014; Adams & Roughley,
2006). Annular disruption occurs in the early stages of structural failure (Adams &
Roughley, 2006; Videman & Nurminen, 2004). The three types (Figure 2.5) of annular
disruption commonly found in the AF (Adams & Roughley, 2006) are:
•

radial tears progress outwards from the nucleus, usually in a posterior or
posterolateral direction across the layers of the lamellae (Osti, Vernon-Roberts,
Moore, & Fraser, 1992);

•

circumferential tears (or ‘delaminations’) represent the splitting of annular
lamellae, potentially due to repetitive compressive or shearing stresses (Goel,
Monroe, Gilbertson, & Brinckmann, 1995); and,

•

peripheral rim tears (or transverse tears) occur with the rupture of Sharpey’s
fibres in the periphery of the AF near the ring apophysis, or in the outer annular
wall.
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Figure 2.5:

Types of annular fissures – radial tear (top); circumferential tear

(middle); peripheral rim tear (bottom; adapted from Adams, 2006)
A variety of changes can occur to the external disc contour. Disc bulging is defined as a
generalised extension of the external disc contour beyond the edges of the disc space
(Fardon et al., 2014). It can result from the development of radial fissures within the
AF, which allows the nuclear material to migrate from its normal central position to the
periphery of the IVD (Adams & Dolan, 2012).
Disc herniation occurs when there is a localised or focal displacement of disc material
beyond the limits of the IVD space, and can be classified as extrusion or protrusion
based on the shape of the displaced material (Fardon et al., 2014). Although it is
believed that degenerative changes precede a disc herniation (Yasuma, Makino, Saito,
& Inui, 1986), studies have shown that some discs can herniate due to reasons other
than degeneration (Kelsey et al., 1984; Lama et al., 2013; Seidler et al., 2003; Videman,
Nurminen, & Troup, 1990). Regardless of the cause, when the outer annular wall is
breached, nuclear material may migrate into the lateral recess or vertebral foramen and
cause ipsilateral leg pain or paraesthesia (Beattie, Meyers, Stratford, Millar, &
Hollenber, 2000). This condition is known as disc herniation with associated
radiculopathy or sciatica and has been extensively researched (Hahne, Ford, &
McMeeken, 2010; Konstantinou & Dunn, 2008; Luijsterburg et al., 2007; Oliphant,
2004; Ostelo, Costa, Maher, de Vet, & van Tulder, 2009; Stafford, Peng, & Hill, 2007;
Vroomen, de Krom, & Knottnerus, 1999; Vroomen, de Krom, & Knottnerus, 2000;
Vroomen, de Krom, Slofstra, & Knottnerus, 2000). As such, disc herniation with
associated radiculopathy will not be further discussed.
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The second type of disc degeneration is commonly seen in the thoracic and upper
lumbar spine and arises from defects in the vertebral endplate. As discussed in Section
2.2, the endplate is a weak link in the structure of the IVD (Moore, 2000), due to its
poor attachment to the subchondral bone (Inoue, 1981), making it susceptible to
traumatic injury (Moore, 2006). The earliest microscopic vertebral endplate changes
seen are clefts and fissures along the length of the endplate in the horizontal plane, and
occasional chondrocyte death (Moore, 2006). With age, autopsy studies have shown
that sections of the endplate can become detached from the vertebral body (Moore,
Vernon-Roberts, Fraser, Osti, & Schembri, 1996; Tanaka, Nakahara, & Inoue, 1993).
The herniation of nuclear material into the adjacent vertebral body is known as a
Schmorl’s node (Schmorl & Junghanns, 1959). While the exact cause of Schmorl’s
nodes is unknown, it has been proposed that trauma, tumour or congenital weakness of
the cartilage can lead to focal lesions (Moore, 2000; Schmorl & Junghanns, 1959). A
recent study of human spines has suggested that the combination of a low disc thickness
to vertebral body height ratio, the location of the axis of rotation, and an increased range
of rotational movement make the vertebral endplate more vulnerable to micro-tears and
the development of Schmorl’s nodes (Dar et al., 2010).
With the development of endplate damage and Schmorl’s nodes, the nuclear region is
decompressed, and the compressive load bearing is transferred onto the neural arch and
the AF (Adams & Dolan, 2012). Cyclical compression loading can then result in a
collapse of lamellae fibres into the nucleus (Adams, Freeman, Morrison, Nelson, &
Dolan, 2000).
Irrespective of the origin of disc degeneration, both types of disc degeneration lead to a
final common pathway of complete structural failure of the IVD (Adams & Dolan,
2012). A reduction in nuclear pressure (Adams, McNally, et al., 1996; Sato, Kikuchi, &
Yonezawa, 1999) and increased vertical loading of the annulus (Adams, McNally, et al.,
1996) causes the IVD to bulge outward (Brinkmann & Grootenboer, 1991). This is
associated with a concomitant reduction in disc height, similar to a flat tyre (Brinkmann
& Grootenboer, 1991). A reduction of 1-3mm of disc height can lead to an increased
segmental motion of the lumbar spine, loss of internal IVD stability (Beattie, 2008) and
reduced tension of the intervertebral ligaments (Adams, Dolan, & Hutton, 1987). All
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these changes may irritate other pain-generating lumbar structures such as the
zygapophyseal joints (Pye et al., 2007), the neural arch (Pollintine, Przybyla, Dolan, &
Adams, 2004) or further irritation of the disc (Beattie, 2008).
2.5 Healing of the intervertebral disc
The IVD undergoes similar changes to other tissues in the healing process (Adams et
al., 2010) and these changes may have a positive effect on disc degeneration. During the
healing of the disrupted annulus, vascularised granulation tissue is formed along the
annular tear, from the outer annulus to the central NP (Peng, Hao, et al., 2006). After
several months, scar tissue in the outer AF matures into a dense collagen network
(Melrose et al., 2008). The remodelling of annular tears is slow due to poor
vascularisation (Section 2.2.2) (Adams et al., 2010) and a declining cell population that
is unable to turn over the collagen fibres (Roughley, 2004). Repeated mechanical insults
to the AF during the healing process can trigger further degeneration (Ulrich,
Liebenberg, Thuillier, & Lotz, 2007). This can result in further compromise of the
healing response (Adams, Dolan, & McNally, 2009).
Although some healing occurs within the outer layers of the annulus, healing is more
limited in the inner annulus and NP. As discussed in Section 2.2.2, the disc is primarily
nourished by diffusion from blood vessels in the vertebral endplate and peripheral
annulus (Urban et al., 2004). With age, the cell density within the disc declines (Jayson
& Barks, 1973; Nerlich, Schleicher, & Boos, 1997; Trout, Buckwalter, & Moore, 1982;
Trout, Buckwalter, Moore, & Landas, 1982), causing a concomitant increase in
metabolite transport difficulties (Grunhagen et al., 2006).
2.6 The painful disc
The described pathoanatomical processes that occur during ageing and disc
degeneration do not often cause pain. This is evidenced by diagnostic tests identifying
the presence of various pathological processes in people who are asymptomatic
(Brinjikji, Luetmer, et al., 2015; Wolfer et al., 2008). However, many researchers have
identified and explored concepts around the relevance of the IVD to the development of
LBP (Adams et al., 2014; Adams & Roughley, 2006; Adams et al., 2010; Bogduk,
2005; Bogduk et al., 2013; Crock, 1986; Garcia-Cosamalon et al., 2010; Inman &
Saunders, 1947; McKenzie & May, 2003; Ohtori, Inoue, Miyagi, & Takahashi, 2014;
Peng et al., 2005; Videman et al., 2003; Zhang, Guo, Guo, & Wu, 2009). Bogduk
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(2005) has described a series of postulates, adapted from Koch’s postulates for bacterial
diseases (Evans, 1976), as necessary conditions to confirm whether the IVD is a cause
of LBP.
According to the first postulate, a structure must be innervated to be a source of pain
(Bogduk, 2005). As discussed in Section 2.2.1, although limited to the outer AF, the
IVD has a nerve supply and can thus potentially cause pain.
The second postulate states the structure should be susceptible to injuries or diseases
that are known to be painful. As already discussed in Section 2.4, degeneration is an
abnormal pathoanatomical process that occurs commonly in the IVD (Bogduk, 2005;
McKenzie & May, 2003).
According to the third postulate, the structure must be capable of causing pain similar to
that seen clinically. The reproduction of concordant clinical symptoms in people with
discogenic pain is supported by the thermal stimulation of the disc. Thermal stimulation
involves inserting a wire electrode into the IVD that, when heated, ostensibly denatures
collagen and coagulates nerve endings in the annulus (Saal & Saal, 2000). This noxious
stimulation has been shown to reproduce LBP and also produce distal pain dependent
on the intensity of the stimulation (O'Neill, Kurgansky, Derby, & Ryan, 2002). As the
noxious stimulus is restricted to the IVD and does not affect the nerve roots, thermal
heating demonstrates that lumbar discs can be painful and cause the somatic referred
pain to the lower limb; a common symptom presentation.
The final postulate states that the structure should be identified as a cause of pain based
on valid and reliable diagnostic testing. Provocative discography has been proposed as a
diagnostic tool for discogenic pain (Bogduk, 2005; Bogduk et al., 2013) and is an
invasive test where the nucleus of a suspected symptomatic IVD is injected with
radiolucent dye. In a positive test, the dye provokes the patient’s typical clinical pain
(concordant pain) and can, in addition, reveal morphological abnormalities in the AF
(Carragee, Lincoln, et al., 2006). To control for non-pathoanatomical factors, such as
fear or anxiety surrounding discography, the test can only be considered positive if the
injection of both adjacent discs does not reproduce the patient’s typical symptoms
(Merskey & Bogduk, 1994; Schwarzer et al., 1995).
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Provocative discography is technically challenging and also controversial (Bogduk,
1994, 1996; Carragee, Alamin, et al., 2006; Carragee, Lincoln, et al., 2006; Carragee,
Tanner, et al., 2000; Hancock et al., 2007; Wolfer et al., 2008). There is no gold
standard or well-accepted reference standard to validate this test and discography in
itself cannot be considered an absolute measure of truth as a diagnostic standard
(Carragee, Chen, et al., 2000; Carragee, Tanner, Yang, Brito, & Truong, 1999;
Carragee, Alamin, et al., 2006; Carragee, Lincoln, et al., 2006; Carragee, Tanner, et al.,
2000; Derby et al., 2005; Deyo, Haselkorn, Hoffman, & Kent, 1994; Ford et al., 2007;
Saal, 2002; van der Windt et al., 2010). Given the absence of an accepted reference
standard, a number of studies have used a range of creative research designs to
determine whether the IVD is responsible for a patient’s symptoms (Wolfer et al.,
2008). For example, patients without a history of LBP who had a bone graft harvested
from their posterior iliac crest for non-lumbar procedures were asked to compare the
sensations elicited during discography to their usual symptoms after the harvesting
(Carragee et al., 1999). It was found that the patients often experienced a painful
sensation on lumbar discography concordant with their usual gluteal pain, and therefore
demonstrated false positive outcomes for discography. Other creative research designs
have also shown a high false positive rate for lumbar discography (Wolfer et al., 2008),
which has been attributed to the psychosocial and neurophysiological complexity of
pain (Carragee, Alamin, et al., 2006; Carragee, Lincoln, et al., 2006; Carragee, Tanner,
et al., 2000). Moreover, discography has procedural risks, is expensive and difficult for
large numbers of LBP sufferers to access (Hancock et al., 2007). Discography has also
been shown to accelerate disc degeneration compared to matched-controls (Carragee et
al., 2009).
Despite the research described above, advocates have supported carefully controlled
discography as a means of diagnosing discogenic LBP (Buenaventura, Shah, Patel,
Benyamin, & Singh, 2007; Laslett, Aprill, McDonald, & Oberg, 2006; Manchikanti,
Benyamin, et al., 2013; Provenzano, 2012). It has been argued that discography is the
only diagnostic tool that attempts to correlate pathology with symptoms (Manchikanti,
Abdi, et al., 2013). A systematic review of provocative discography in asymptomatic
subjects showed that if the International Spine Intervention Society’s standardised
criteria for positive provocative discography response (i.e. concordant pain ≥ 7/10,
injection pressure ≤ 50psi and a grade 3 annular tear on imaging) were adhered to, the
false positive rate per patient (n = 75; false positive rate = 9.3%, 95% CI: 3-16%) and
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per disc (n = 116; false positive rate = 6.0%, 95% CI: 2-10%) was low (Wolfer et al.,
2008). A meta-analysis of these data found that discography had a high specificity of
0.94 (95% CI: 0.89-0.98). One might argue that provocative discography may be useful
in certain contexts (e.g. to reduce the number of unnecessary operations by ruling out
some cases) (Carragee, Lincoln, et al., 2006; Jarvik & Deyo, 2002; Manchikanti, Abdi,
et al., 2013). Discography may also be a reasonable reference test for use in studies
investigating the diagnostic abilities of more accessible clinical tests, provided the
limitations of the reference test be recognised (Hancock et al., 2007). Finally, as is the
case with all radiological tests, discography results are likely to be more useful when
interpreted in conjunction with other clinical findings (Laslett, Aprill, et al., 2006).
On the basis of the literature above, all four of Bogduk’s postulates are fulfilled, and the
notion that the IVD is capable of causing LBP in certain cases is thus supported.
2.6.1

Pathoanatomical mechanisms occurring in a symptomatic disc

Disc degeneration is the most plausible mechanism for causing discogenic LBP,
however many people with disc degeneration do not have symptoms. Degenerative disc
disease is the clinical syndrome where an asymptomatic but degenerate disc transitions
to a pain generating structure (Adams & Roughley, 2006). Given the multidimensionality of LBP, the threshold at which this transition occurs is unknown and
likely to vary among individuals. In order to explore degenerative disc disease further,
the pathological mechanisms occurring within the IVD, introduced earlier in this
chapter will be explored in further detail regarding the disc as a pain generating
structure. Given that disc herniation can occur regardless of the presence of disc
degeneration (Lama et al., 2013), this thesis will adopt the term of discogenic pain,
which is considered synonymous with degenerative disc disease.
One mechanism that may cause a disc to become symptomatic is the peripheral
extension of radial fissures into the innervated outer region of the AF, stimulating free
nerve endings (Bogduk, 2005; Roberts et al., 2006). It has been shown that 70% of
fissures extending into the outer third of the annulus are associated with pain
(Vanharanta et al., 1987).
Disruption to the vertebral endplate is another potential mechanism whereby the disc
becomes symptomatic. When subjected to compression loads, IVDs typically fracture at
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the vertebral endplate (Adams & Hutton, 1982; Brown, Hansen, & Yorra, 1957; Hutton
& Adams, 1982; Jayson & Barks, 1973; Perey, 1957; Rolander & Blair, 1975; Virgin,
1951). The forces required for fracture and ultimate failure are usually around 10,000N
(Hutton & Adams, 1982; Porter, Adams, & Hutton, 1989), but can be as low as 3,000N
(Brinckmann, Frobin, Hierholzer, & Horst, 1983). Putting this into perspective, heavy
lifting can exert a force of approximately 4,000N (McNeill, Warwick, Andersson, &
Schultz, 1980). However, the vertebral endplate can fracture at loads substantially lower
than its ultimate failure strength if they are repetitive. Loads of between 37% and 80%
of ultimate failure strength can cause subchondral fractures after as few as 1000
compression cycles (Liu, Njus, Buckwalter, & Wakano, 1983). However, loads between
50% and 80% of ultimate failure strength can cause fractures after fewer than 100
cycles (Hansson, Keller, & Spengler, 1987).
Changes in signal intensity of the vertebral body marrow adjacent to the endplates are
known as Modic changes (de Roos, Kressel, Spritzer, & Dalinka, 1987; Modic,
Masaryk, Ross, & Carter, 1988; Modic, Steinberg, Ross, Masaryk, & Carter, 1988). It
has been hypothesised that displacement of the NP into the fractures of the endplate
may initiate an autoimmune and/or inflammation response via the introduction of the
foreign nuclear material into the circulating blood supply (Bogduk, 2005; Crock, 1986).
An additional hypothesis related to Modic changes is in the relevance of an endplate
fracture allowing bacteria into the avascular disc, causing a slow developing, low
virulent infection (Albert et al., 2008), and subsequent inflammation (Luoma, Vehmas,
Gronblad, Kerttula, & Kaapa, 2008; Mitra, Cassar-Pullicino, & McCall, 2004). These
various autoimmune and/or inflammatory responses may result in vertebral body
oedema and vascularisation and subsequent Modic Type I signal changes identified on
imaging (Table 2.1) (Albert et al., 2008; Bogduk et al., 2013).
The relevance of these processes are supported by the presence of inflammatory
mediators found in the endplates with Modic Type I changes (Ohtori et al., 2006;
Rannou et al., 2007) as well as improvements in LBP in response to intradiscal steroid
injections and high dose antibiotic treatment (Albert, Sorensen, Christensen, &
Manniche, 2013; Fayad et al., 2007).
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Table 2.1: Classification of Modic changes

Type

I

Appearance on T1-

Appearance on T2-

weighted imaging

weighted imaging

Hypointense

Hyperintense

Pathological process

Active vertebral body
oedema and
hypervascularity

II

Hyperintense

Hyper-/hypointense

Disruption of endplate.
Fatty replacements of red
bone marrow

III

Hypointense

Hypointense

Subchondral bone
sclerosis

Inflammation may also be of relevance in rendering fissures in the outer third of the AF
symptomatic. In the presence of disc disruption, attempts to repair the annulus are
initiated through the process of inflammation (Dongfeng et al., 2011), leading to the
infiltration of macrophages to the injury site (Gronblad et al., 1994). This observation
differs to normal or aged IVDs where macrophage infiltration is absent (Peng, Hao, et
al., 2006). This infiltration triggers a cascade of inflammatory processes, including the
release of inflammatory mediators as demonstrated by high concentrations within
degenerated IVDs (Kang et al., 1996; Kang, Georgescu, Larkin, Stefanovic-Racic, &
Evans, 1995; O'Donnell & O'Donnell, 1996; Takahashi et al., 1996). These mediators,
such as tumour necrosis factor-α (TNF-α) and interleukin-6 have various actions,
including the modulation of nociception (Watkins & Maier, 2002) and contribution to
the amplification and persistence of pain (De Jongh et al., 2003; DeLeo, Tanga, &
Tawfik, 2004; Sommer & Kress, 2004; Starkweather, Witek-Janusek, & Mathews,
2005). High-intensity signal changes, or high-intensity zones (HIZs), on T2-weighted
magnetic resonance imaging (MRI) can represent areas of increased fluid within the AF
as part of the inflammatory process (Aprill & Bogduk, 1992). These have been observed
in people with LBP in association with increased macrophages and inflammatory
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mediators (Dongfeng et al., 2011; Lam, Carlin, & Mulholland, 2000; Peng, Hou, Wu,
Zhang, & Yang, 2006; Schellhas, Pollei, Gundry, & Heithoff, 1996). These data support
the relevance of inflammatory processes and mediators rendering annular fissures
extending to the outer AF as painful, leading to discogenic LBP.
A further mechanism behind discogenic pain is the increased density and deeper
penetration of innervation in severely disrupted discs (Adams et al., 2010; Beattie,
2008; Garcia-Cosamalon et al., 2010; Lama, Le Maitre, Harding, Dolan, & Adams,
2018; Stefanakis et al., 2012). In such cases, nerve fibres can grow in towards the
nucleus, promoted by nerve growth factor (Freemont et al., 2002; Leslie, Emson, Dowd,
& Woolf, 1995), which is present in greater concentration due to its role in the
generation of inflammation (McMahon, Bennett, Priestley, & Shelton, 1995; Sah,
Ossipo, & Porreca, 2003; Woolf, Safieh-Garabedian, Ma, Crilly, & Winter, 1994). An
increase in the innervation could potentially increase the likelihood of degenerative
changes, such as annular fissures not reaching the outer third of the AF becoming
symptomatic (Bogduk, 2005).
The final mechanism that may result in discogenic pain is the chemical sensitisation of
nociceptive afferents in the AF (Adams et al., 2010; Beattie, 2008; Garcia-Cosamalon et
al., 2010). Animal models have demonstrated a reduction in the threshold of nerve
stimulation when the ingrowing nerves contact nuclear material (Chen et al., 2004).
Similar observations have been reported in humans (Brisby, 2006; Feuerstein & Beattie,
1995; Ohtori et al., 2006; Podichetty, 2007; Walsh, Bradford, & Lotz, 2004; Weiler,
Nerlich, Bachmeier, & Boos, 2005). In these scenarios, stimuli that are normally
innocuous have the potential to result in pain.
2.6.3

Section summary

In summary, the IVD undergoes morphological changes and pathological processes that
are generally considered asymptomatic. Evidence supports a range of mechanisms that
render these changes symptomatic, and this condition can be referred to as discogenic
pain. However, the concept of discogenic pain as a cause of LBP cannot be clinically
useful without a method of identifying the features of this condition. The next section
introduces such a clinical approach.
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2.7 Reducible discogenic pain as a subgroup of low back pain
There are a number of different methods of conceptualising and clinically identifying
different types of discogenic pain, but none of which have been fully validated.
Reducible discogenic pain is a hypothesised subgroup that has been extensively studied
(Al-Obaidi, Al-Sayegh, Ben Nakhi, & Al-Mandeel, 2011; Bybee, Olsen, CantuBoncser, Allen, & Byars, 2009; Clare, Adams, & Maher, 2004, 2007; Donelson et al.,
1997; Donelson, Silva, & Murphy, 1990; Kilpikoski et al., 2002; Laslett, Oberg, Aprill,
& McDonald, 2005; Machado, de Souza, Ferreira, & Ferreira, 2006; Machado, Maher,
Herbert, Clare, & McAuley, 2005; Machado, Maher, Herbert, Clare, & McAuley, 2010;
May, 2006; McKenzie & May, 2003; Petersen et al., 2011; Werneke & Hart, 2001;
Werneke et al., 2010; Wetzel & Donelson, 2003). In the context of this thesis, it is
important to understand RDP when examining NRDP, given that the former concept
partially defines the latter. The IVD is the putative structure underpinning the
pathoanatomical mechanisms occurring in both subgroups, but the key differentiation is
the clinical response to mechanical loading (discussed in detail below). This section
discusses the development and validity of RDP, conceptually and also clinically, as a
definable subgroup of LBP and discogenic pain.
Robin McKenzie first described a ‘derangement’ syndrome, over 50 years ago,
following clinical observations of responses to different postures and movements in his
LBP patients (May & Donelson, 2008). A clinical method of assessing, subgrouping
and treating LBP was subsequently developed. Practitioners have adopted the
McKenzie method, also referred to as Mechanical Diagnosis and Therapy (MDT),
around the world (Foster, Thompson, Baxter, & Allen, 1999; Liddle, David Baxter, &
Gracey, 2009; Spoto & Collins, 2008). For this thesis, the derangement syndrome is
analogous to RDP.
An understanding of the biomechanics of the IVD is necessary to understand the
pathoanatomical mechanisms and clinical features hypothesised for RDP. As discussed
in Section 2.2.4, during movements of the lumbar spine, asymmetric loading of the IVD
causes the NP to migrate to an area of least resistance (Kolber & Hanney, 2009;
Kramer, 1990; McKenzie, 1981). This phenomenon has been referred to as the dynamic
disc model (Kolber & Hanney, 2009; McKenzie & May, 2003). In vitro and in vivo
experiments on asymptomatic people have shown nuclear migration to behave in a
predictable pattern (Alexander, Hancock, Agouris, Smith, & MacSween, 2007; Beattie
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et al., 1994; Brault et al., 1997; Edmondston et al., 2000; Fennell et al., 1996; Krag et
al., 1987; Schnebel et al., 1988; Seroussi, Krag, Muller, & Pope, 1989; Shah et al.,
1978). For example, the NP migrates anteriorly during lumbar extension and posteriorly
during flexion. Therefore, it is plausible that a posterior annular fissure, which extends
into the innervated outer third of the annulus, may cause pain during lumbar flexion
when nuclear material migrates to the periphery and stimulates free nerve fibres
(McKenzie & May, 2003). It is equally plausible that an extension movement applied to
the IVD in the same patient may produce a ‘reductive’ force or load to displace the
nuclear content anteriorly towards a more central and normal location (Wetzel &
Donelson, 2003). It is from this reduction of the nuclear material that the term
“reducible” discogenic pain is derived.
Movements or positions that cause the nuclear material to migrate within the IVD have
been called “mechanical loading strategies” (McKenzie & May, 2003). These strategies,
such as repeated lumbar extension (Figure 2.6), have been hypothesised as being useful
in the assessment and treatment of LBP and RDP (McKenzie & May, 2003).
The validity of the dynamic disc model has been challenged (Albert, Hauge, &
Manniche, 2012; Broetz et al., 2008; Brötz et al., 2003) particularly given observations
that nuclear migration in response to MLSs is less predictable in symptomatic and/or
degenerate discs (Kolber & Hanney, 2009). However, it serves as a basis for
hypothesising around the clinical features and treatment of RDP (Ford, Surkitt, &
Hahne, 2011).

Figure 2.6:

Mechanical loading strategy – repeated extension in lying (starting

position – left; end position – right)
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Centralisation is a common symptomatic response that occurs during the application of
MLSs and has been defined as the proximal movement and/or abolition of distal
symptoms (Figure 2.7) (May & Aina, 2012; McKenzie & May, 2003). Directional
preference (DP) is associated with centralisation and is defined as the direction of MLS
that results in the centralisation phenomenon, with extension movements identified as
the most prevalent DP in the lumbar spine (Donelson et al., 1997; Donelson, Grant,
Kamps, & Medcalf, 1991; McKenzie & May, 2003). A DP may also reduce resting pain
intensity and/or improve restricted spinal movement without producing an associated
change in pain location (Long, May, & Fung, 2008b; Surkitt, Ford, Hahne, Pizzari, &
McMeeken, 2012; Werneke, 2009). The opposite symptom response, where there is a
distal spread of pain into the limb, is termed peripheralisation.

Figure 2.7:

Centralisation of leg symptoms towards midline (left to right;

adapted from McKenzie, 2003)

A ‘reduction’ or migration of a painful and abnormally displaced NP to a more central
and less pain provoking position within the disc has been hypothesised as the
mechanism underpinning centralisation and DP (Donelson et al., 1997; McKenzie,
1981; Wetzel & Donelson, 2003).
2.7.1

Validity of the clinical features indicative of reducible discogenic pain

This chapter has demonstrated the potential relevance of discogenic and RDP as
important subgroups to the assessment and treatment of LBP through the extensive
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research on the biological plausibility of a painful disc. In brief, the lumbar IVD is
innervated, subject to pathological processes capable of producing pain and has been
shown to reproduce symptoms commonly reported by people with LBP (Bogduk,
2005). However, the identification of the clinical features indicative of RDP is required
for clinical decision-making. The guidelines for developing clinical features (e.g.
baseline characteristics) for subgroups of LBP were presented in Chapter 1. A rationale
for a convergence of validity was justified in accepting that the complete validation of
such a subgroup(s), particularly through repeated treatment effect modifier studies is not
likely to be feasible. However, this limitation should not prohibit the use of such
subgroups in research, provided the limitations of system validity are acknowledged.
The following section explores evidence from a range of research designs supporting
the clinical features indicative of RDP as a subgroup of LBP.
Face validity
The face validity of certain clinical features of RDP is presented in a large multidisciplinary survey (Kent & Keating, 2005a). The clinicians identified a range of
features for discogenic pain, including a lateral list of the spine, pain with sitting,
coughing, laughing and the Valsalva manoeuvre, and a reduction of symptoms with
extension. These clinical features are consistent with descriptions by McKenzie
(McKenzie, 1981; McKenzie & May, 2003) and another recognised clinical expert
(Donelson, 2007). Although this survey, in isolation, does not validate the clinical
features of RDP as a subgroup of LBP, the results in conjunction with the described
biological plausibility converge with the quantitative research discussed below.
Diagnostic accuracy
Diagnostic accuracy is a research methodology where the ability of a clinical test (index
test) to predict the result of a gold standard (or reference test) is evaluated (Anastasi &
Urbina, 1997; Ford et al., 2007; Portney & Watkins, 2009). For discogenic LBP,
diagnostic accuracy studies have typically used discography or radiological imaging as
a reference standard. As discussed in Section 2.6, these methods have significant false
positive issues (Bogduk et al., 2013; Brinjikji, Diehn, et al., 2015; Brinjikji, Luetmer, et
al., 2015; Wolfer et al., 2008). The validity of conclusions made from diagnostic
accuracy studies is therefore limited. However, carefully performed discography is
likely to be the most appropriate reference standard in diagnostic accuracy designs
(Deyo et al., 1994; Hancock et al., 2007; May & Aina, 2012). Using a convergence of
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validity approach diagnostic accuracy studies using discography can contribute to the
overall evidence pool for the validity of the clinical features indicative of RDP.
The diagnostic accuracy of clinical features to predict the result of lumbar discography
in LBP has been evaluated in systematic reviews (Hancock et al., 2007; May & Aina,
2012; Petersen, Laslett, & Juhl, 2017). The only clinical feature identified that increased
the likelihood of the IVD as the source of pain was centralisation (positive likelihood
ratio = 2.8, 95% CI: 1.4–5.3). Centralisation has also been compared to lumbar
zygapophyseal joint blocks, a test to identify the zygapophyseal joint as a source of pain
(Laslett, McDonald, Aprill, Tropp, & Oberg, 2006). In this study, centralisation was not
associated with positive nerve blocks, which provides further evidence for centralisation
to be relevant for RDP but not other types of LBP.
Predictive validity
Predictive validity refers to the ability of a subgroup and associated features to predict a
future outcome (Anastasi & Urbina, 1997; Buchbinder et al., 1996; Portney & Watkins,
2009). Two recent systematic reviews supported the usefulness of centralisation as a
predictor of future LBP outcomes (Chorti, Chortis, Strimpakos, McCarthy, & Lamb,
2009; May & Aina, 2012). These data showed that people with LBP who centralised in
response to MLSs demonstrate a greater decrease in maximum pain intensity scores and
better return to work rates than those who did not centralise. When compared with
psychosocial markers, centralisation was also a more significant predictor of improved
outcomes than fear-avoidance (George, Bialosky, & Donald, 2005; Werneke & Hart,
2001), depression (Long, May, & Fung, 2008a; Werneke & Hart, 2001), Waddell signs,
pain behaviours and somatisation (Werneke & Hart, 2001). Finally, patients exhibiting
centralisation were six times less likely to require surgical intervention than those who
do not centralise (odds ratio = 6.2; 95% CI: 1.6 to 24.5) (Skytte, May, & Petersen,
2005).
The predictive validity of DP has also been recently examined (Long et al., 2008a;
Werneke et al., 2011). In the earlier study, the authors evaluated the comparative
usefulness of a range of factors based on the presence or absence of DP to predict the
outcome in patients with post-acute back pain (Long et al., 2008a). Conducting a
secondary analysis of the data from an earlier RCT, the authors found that patients with
DP who received matched treatment had 7.8 times greater likelihood (CI: 2.61 to 23.28)
59

of a minimal reduction of 30% on the Roland-Morris Disability Questionnaire (Long,
Donelson, & Fung, 2004; Long et al., 2008a). In a more recent study, the authors
investigated the predictive power of DP on pain and function in the presence of
centralisation (Werneke et al., 2011). They concluded that by itself DP was not a useful
predictor of function. They furthermore found that, irrespective of DP, patients without
centralisation consistently had lower functional levels at discharge compared to those
presenting with both phenomena (Werneke et al., 2011).
Reliability
This section has reviewed the existing evidence concerning the validity of the clinical
features commonly seen in people with RDP. However, the identification of
centralisation and DP in people with LBP is dependent on the reliability of the tests.
The following section evaluates the reliability of these tests. It uses the kappa statistic
(k) to report intra-observer and inter-observer agreement. The terminology used to
describe the strength of agreement for k values is consistent with the terms proposed by
other researchers (Kundel & Polansky, 2003; Landis & Koch, 1977) (Table 2.2).
Table 2.2: Strength of agreement for kappa statistic values
k value

Strength of agreement

< 0.00

Poor

0.00 to 0.20

Slight

0.21 to 0.40

Fair

0.41 to 0.60

Moderate

0.61 to 0.80

Substantial

0.81 to 1.00

Almost perfect

The reliability of centralisation in people with LBP has been evaluated in three
systematic reviews, which found conflicting results (Garcia et al., 2018; May & Aina,
2012; May, Runge, & Aina, 2018). The earlier review found moderate (k = 0.51, 95%
CI: 0.24 to 0.78) to substantial (k = 0.79, 95% CI: 0.78 to 0.81) inter-observer reliability
of centralisation between two physiotherapists. However, the latter two reviews
identified an additional study (Werneke et al., 2014), with the reliability found to be fair
regardless of the level of training in MDT that the physiotherapists had undertaken (k =
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0.11 to 0.39) (Garcia et al., 2018; May et al., 2018). The different levels of agreement
may be explained by weaker study designs including the lack of independent subjective
and physical examinations, the use of only one paired rater and a lower number of
patients recruited.
The inter-observer reliability of DP has also been studied in people with LBP (Garcia et
al., 2018; May & Aina, 2012; May et al., 2018). In the earlier review, a near perfect
agreement was found between therapists on the presence of DP (k = 0.9, 95% CI: 0.78
to 1.00) (Kilpikoski et al., 2002). However, the newer reviews identified an additional
study (Werneke et al., 2014), which found fair agreement between therapists (k = 0.27
to 0.39) (Garcia et al., 2018; May et al., 2018). The different levels of therapist training
in the studies may explain the conflicting findings (Garcia et al., 2018).
2.7.2

Prevalence of the features of reducible discogenic pain

Three systematic reviews have evaluated the prevalence of the centralisation (Aina,
May, & Clare, 2004; May & Aina, 2012; May et al., 2018). The earliest systematic
review conducted a meta-analysis of 10 studies involving 1056 patients and found that
681 (64.5%) achieved centralisation (Aina et al., 2004). May and Aina (2012) pooled
data (29 studies, n = 4745) on the occurrence of centralisation and found it to be 45%,
ranging between 11% to 89%. The most recent review (18 additional studies, n = 4415),
which was an update on the paper by May and Aina (2012), found centralisation in the
lumbar spine to have a prevalence of 36.9% (May et al., 2018). Centralisation as the
main feature discriminating between people with or without RDP has been
demonstrated to occur more commonly in those with acute (54%) than chronic
problems (35%), and in people who are aged between 18-44 years (61%) compared to
those aged over 65 years (15%) (Werneke, Hart, Resnik, Stratford, & Reyes, 2008;
Werneke et al., 2011). These findings are consistent with the systematic review where
the prevalence of centralisation was 70% in people with pain less than seven weeks of
duration, compared to 52% in people with chronic LBP (Aina et al., 2004).
Two systematic reviews have evaluated the prevalence of DP (May & Aina, 2012; May
et al., 2018). The earlier review (five studies, n = 2368) estimated the prevalence of DP
at 70% (range: 60-78%) (May & Aina, 2012). However, this sample included people
who were classified with a mechanical derangement syndrome, rather than just a DP
(Hefford, 2008; May, 2006). Given DP is a feature of a derangement syndrome (May &
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Aina, 2012), this may inflate the figure, depending on how the derangement was
defined (McKenzie & May, 2003). The updated review (18 additional studies, n = 4415)
found the prevalence of DP to be 27% (May et al., 2018). However, six studies did not
report on the DP figures but were included in the total sample analysed. This may have
led to the understated prevalence figure. The prevalence of DP increased to 45% when
these studies were excluded (12 studies, n = 3525).
Data from a range of research methodologies including biological plausibility,
diagnostic accuracy, face and predictive validity, reliability, and prevalence of RDP
converge to provide significant evidence for the clinical features of RDP as a subgroup
of LBP. Although the evidence is not conclusive, it is arguably sufficient to allow RDP
to be investigated as a subgroup in clinical trials that aim to evaluate the effectiveness of
specific treatment. It has, however, been hypothesised that other subgroups of
discogenic LBP may also exist.
2.8 Non-reducible discogenic pain as a subgroup of low back pain
An additional subgroup of LBP and discogenic pain exists, where the IVD is
hypothesised as the source of a person’s symptoms, but there is an absence of a positive
response to MLSs. There are different descriptions of this subgroup (Table 2.3)
including ‘irreducible disc derangement’ (McKenzie, 1981; McKenzie & May, 2003),
‘irreducible disc syndrome’ (Laslett & van Wijmen, 1999; Petersen et al., 2003), ‘nonmechanical disc’ (Laslett & van Wijmen, 1999; Petersen et al., 2003), ‘internal disc
disruption’ (O'Sullivan, 2005), and ‘discogenic pain unresponsive to repeated
movements’ (Heymans et al., 2007). In this thesis, the term NRDP will be used to
describe people with LBP where the IVD is hypothesised as the source of symptoms,
but there is an absence of a positive response to MLSs.
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Table 2.3: Definitions of subgroups with clinical features of discogenic pain, but
not responding positively to mechanical loading strategies
Subgroup

Description

Criteria

Irreducible
disc
derangement

Disc displacement with incompetent
or rupture annular wall

•
•
•

Irreducible
disc syndrome

Low back and/or referred pain with
•
dominant symptoms above or below
the gluteal fold assumed to be caused •
by a displacement of the contents of
an intervertebral disc that are not
reversible by specific mechanical
•
loading strategies

Nonmechanical
disc

Low back and/or referred pain with
•
dominant symptoms above the
gluteal fold in which the principal
source of nociceptor receptor activity •
is assumed to be a chemically
sensitive intervertebral disc and no
•
evidence for a mechanical disc lesion

Internal disc
disruption

Pain arising from the IVD with high
levels of pain, disability, and
impairments secondary and adaptive
to an underlying pathological
process. Inflammation ± centrally or
sympathetically mediated pain
disorders contributing factors

•
•

Lumbar or leg pain in the absence of
criteria related to disc herniation
with associated radiculopathy or
reducible discogenic pain

•

Discogenic
pain
unresponsive
to repeated
movements

Peripheralisation of symptoms
Mechanical loading strategies
increases peripheral pain
No centralisation, reduction or
abolition of symptoms
At least one movement is
painfully limited
No centralisation, decrease
and/or abolishment of
symptoms
Peripheralisation of symptoms

Mechanical loading strategies
in any direction increase the
symptoms
No decrease and/or
abolishment of symptoms
Range of movement remains
unaffected
• At least one of the following:
• dominant symptoms are
midline or bilateral above
S1
• dominant symptoms are
unilateral above S1 but
criteria for zygapophyseal
joint not satisfied
• symptoms change sides

•

•
•

Antalgic movement patterns
Altered motor control driven
directly by the pain disorder
Attempts to ‘normalise’
impairments results in
exacerbation or non-resolution
Lumbar or leg pain worse with
walking, standing, sitting and
forward bending
Active lumbar flexion less
than reaching patella with
hands
Active lumbar extension no
more than 20°
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Much of the research underpinning the biological plausibility of the IVD as a cause of
LBP described earlier in the chapter and in reference to RDP is equally relevant to
NRDP. If the literature converges to support the notion of the disc as a cause of pain
and the relevance of MLSs in the assessment and treatment of LBP, it is not
unreasonable to suggest that there might be at least two types of discogenic pain;
reducible and non-reducible discogenic pain. The hypotheses on the mechanisms
underpinning NRDP can be deduced from Table 2.3 and include:
•

a breach in the outer annular wall, evidenced by leakage of contrast material into
the foraminal space on discography, can stimulate the nociceptive nerves in the
outer AF (Donelson et al., 1997; Gill, Videman, Shimizu, & Mooney, 1987)

•

the presence of inflammatory processes and mediators may render annular
fissures symptomatic (Dongfeng et al., 2011; Peng, Hou, et al., 2006)

•

an autoimmune and/or inflammatory response following endplate damage is
supported by improvements in LBP in response to intradiscal steroid injections
and high dose antibiotic treatment (Albert et al., 2013; Fayad et al., 2007).

•

an increase in the density and deeper penetration of nerve fibres into the IVD
could potentially increase the likelihood of the disc being symptomatic to
annular fissures not reaching the outer third of the AF (Adams et al., 2010;
Beattie, 2008; Garcia-Cosamalon et al., 2010; Lama et al., 2018; Stefanakis et
al., 2012)

•

chemical sensitisation of nociceptive afferents in the AF can result in stimuli
that are normally innocuous to have the potential to result in pain (Adams et al.,
2010; Beattie, 2008; Garcia-Cosamalon et al., 2010)

The concept of different types of discogenic pain may be a potential explanation for the
variable nuclear migration patterns seen in response to lumbar flexion and extension
(Kolber & Hanney, 2009).
2.8.1

Validity of the clinical features of non-reducible discogenic pain

Considering the relationship between reducible and NRDP, the self-evident clinical
features of NRDP would be the features of discogenic pain in the absence of a positive
response to MLSs. There is data to support the absence of a positive response to MLSs
and peripheralisation in response to MLSs as clinical features of NRDP. The validity
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and reliability of these features of NRDP are therefore explored below using a
convergence of validity approach.
Diagnostic accuracy
Donelson (1997) evaluated the peripheralisation and discography results in a sample of
63 patients with LBP. The results showed that patients who presented with
peripheralisation in response to MLSs had a greater likelihood to have discogenic pain
based on discography as a reference standard (sensitivity = 0.31, 95% CI: 0.18 to 0.47;
specificity = 0.82, 95% CI: 0.63 to 0.92). The patients were more likely to have
peripheralisation rather than centralisation when there was disruption to the outer
annulus (sensitivity = 0.71, 95% CI: 0.36 to 0.92; specificity = 0.80, 95% CI: 0.68 to
0.89). These data support the notion of different types of discogenic pain (reducible and
non-reducible), and that peripheralisation may be a biologically plausible clinical
feature of NRDP.
Predictive validity
Non-centralisation as a type of absence of positive response to MLSs has been found to
predict poorer outcomes in pain and function. Donelson and colleagues (1990)
evaluated 87 patients with LBP and found that non-centralisation predicted poorer
treatment outcomes (p < 0.001). Werneke and Hart (2001) classified patients into
centralisation and non-centralisation groups and found that the latter had a higher odds
ratio for not returning to work (odds ratio = 9.4; 95% CI: 3.4 to 26.0), continuing to
report pain symptoms (odds ratio = 3.0, 95% CI: 1.4 to 6.4), having extended activity
interference or downtime at home (odds ratio = 5.2, 95% CI: 2.4 to 11.3) and continuing
to use health care resources (odds ratio = 4.4, 95% CI: 2.0 to 10.1). They concluded that
this ‘at-risk’ group could be identified early after an acute episode of LBP and that the
patients classified as non-centralising should be monitored for early referral to multidisciplinary programs.
These findings were supported by a more recent study that retrospectively reviewed 194
chronic LBP patients treated with a physiotherapy functional restoration program for the
predictive value of various features on work status at six months (Heymans et al., 2007).
A logistic regression analysis in a 2-step bootstrap modelling approach was used, with
two models identified to have similar statistical performance. The chosen model,
however, was deemed to have greater practical simplicity. The authors found that a
shorter duration of symptoms, a better functional ability, less fear avoidance beliefs and
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not having disc herniation with associated radiculopathy were most predictive for work
resumption at six months. The second model included the presence of NRDP and found
that being classified with NRDP predicted longer return to work outcomes.
Discriminant validity
One study evaluated the ability of clinical features to discriminate between different
types of LBP (Young & Aprill, 2000). The result showed that peripheralisation was
associated with positive discography results (indicating discogenic pain) but was
negatively associated with diagnostic blocks for the zygapophyseal or sacroiliac joints.
Reliability
The reliability of classifying LBP into subgroups including NRDP based on clinical
features has been evaluated, with the inter-rater reliability (k) of identifying irreducible
disc syndrome (synonymous with NRDP) to be 0.56 (95% CI: 0.12 to 1.00) (Petersen et
al., 2004).
2.8.2

Prevalence of non-reducible discogenic pain

One study documented the prevalence of NRDP during an investigation of the profile of
McKenzie syndromes (Hefford, 2008), and of 187 patients with LBP, 11 (5.9%) were
identified in the NRDP subgroup.
If one accepts the utility of discogenic and RDP for research purposes evaluating the
specific treatment of LBP, it is not unreasonable to consider NRDP as an additional
subgroup of LBP that may also be relevant. The data from a range of research
methodologies described above converge and that support this premise. However, the
evidence is inconclusive, and further research is required.
2.9 Chapter summary
This chapter reviewed the anatomy of the IVD, which has been described as a largely
avascular cushion of fibrocartilage that transfers load and permits movement of the
spine. The ageing, degenerative and healing processes in a normal IVD were then
discussed. The pathoanatomical mechanisms occurring within the disc that lead to the
IVD to become symptomatic were then considered.
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Concepts relevant to RDP and NRDP as subgroups of discogenic pain and the
hypothesised clinical features based on a convergence of evidence approach were then
explored. Responsiveness to MLSs, including centralisation, an absence of a response
and peripheralisation were identified as potentially key clinical features. Significant
evidence was found supporting the potential relevance of these subgroups to clinical
trials on the effectiveness of specific treatment. However, further research is indicated.
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CHAPTER 3: CLINICAL FEATURES OF DISCOGENIC AND NONREDUCIBLE DISCOGENIC PAIN
3.1 Introduction
The previous chapter established the biological plausibility for the IVD to cause pain. It
furthermore demonstrated the validity of two subgroups of discogenic pain, reducible
and NRDP. However, gaps in the knowledge regarding the IVD and its subgroups
remain. Firstly, despite the belief held by practitioners (Kent & Keating, 2005a) and
researchers (McKenzie, 1981; Petersen et al., 2003), there is limited evidence to support
the range of clinical features thought to be indicative of discogenic LBP. Secondly,
although centralisation and peripheralisation were found to be clinical features of
reducible and NRDP respectively, little evidence exists to support other indicative
features. Further research on the clinical features of discogenic pain and its subgroups is
thus justified. As such, this chapter presents a study surveying a panel of
physiotherapists with expertise in LBP and has been previously published (Chan, Ford,
McMeeken, & Wilde, 2013).
3.2 Aims
This study convened an expert panel of international physiotherapists with extensive
knowledge of LBP and sought their opinions to achieve the following aims:
•

To identify the features that expert physiotherapists believe to be indicative of
discogenic LBP;

•

To determine whether expert physiotherapists believe that subgroups of
discogenic LBP, other than RDP exist, and if so, identify the features thought to
be indicative of NRDP.

3.3 Method
3.3.1

Ethics approval

The University of Melbourne Human Research Ethics Committee granted ethics
approval for this study (Ref. No. 0710082, Appendix B).
3.3.2

Design

This study used the Delphi technique to systematically survey a group of experts,
known as panellists, to reach consensus on specific questions (Linstone & Turoff, 2002;
Reid, 1988). The Delphi technique is useful where frequent clinical opinions on a given
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topic in the absence of empirical evidence are encountered (Cook, Brismee, Fleming, &
Sizer, 2005; Powell, 2003). This technique combines individual judgements to address
the incomplete state of knowledge to provide evidence-based decision-making
(Delbecq, Van de Ven, & Gustafson, 1975; Powell, 2003). The Delphi technique allows
for an open exchange of opinions without the influence of personal status, the change of
views without being embarrassed, and the combination of opinions into a collective
response (Delbecq et al., 1975; Linstone & Turoff, 2002; Reid, 1988).
The Delphi technique is generally conducted using a series of questionnaires. The initial
questionnaire attempts to obtain a response regarding aspects of a subject, while the
subsequent questionnaires are built on the responses of the preceding questionnaire
(Powell, 2003). This study was conducted over three rounds of questionnaires and is
consistent with other LBP studies utilising the Delphi technique (Cid et al., 2013; Cook,
Brismee, & Sizer, 2006; Ferguson, Brownlee, & Webster, 2008; Wilde, Ford, &
McMeeken, 2007). The study information (Appendix C) and questionnaire (Appendix
D) were distributed via email and completed consecutively by the panellists. Figure 3.1
provides an overview of the Delphi technique over the three rounds of questionnaires.
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Panellists identified and invited to participate

21 panellists consent to participate

Round 1 questionnaire:
1. List features of discogenic LBP
2. List features of NRDP
3. Provide justification(s) for responses

Responses returned

Author Panel:
Development of questionnaire/analysis with all
consolidated responses included

Round 2 questionnaire:
1. Select and rank 15 features of discogenic LBP
2. Select and rank 15 features of NRDP
3. Provide further justification(s) for responses

Responses returned and analysed. Questionnaire 3
developed with features not selected omitted. Descriptive
statistics provided

Round 3 questionnaire:
1. Re-rank 15 features of discogenic LBP
2. Re-rank 15 features of NRDP

Responses returned and analysed

Final features of discogenic LBP and NRDP identified by
achieving ≥50% consensus

Figure 3.1:

Flowchart of the Delphi study on the features of discogenic and non-

reducible discogenic pain
Abbreviations: LBP = Low back pain; NRDP = Non-reducible discogenic pain
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In Round 1, the panellists were asked for information regarding their background in
treating or investigating LBP. This was followed by three questions addressing the aims
of the study:
1. What features do you consider to be indicative of discogenic LBP?
2. Do you consider that another subgroup of discogenic pain (other than disc
herniation with associated radiculopathy and RDP) exists?
3. List the criteria that you believe to be indicative of discogenic pain unresponsive
to repeated movements.
The panellists who did not consider that other subgroups of discogenic pain existed
were not required to complete Question 3. A justification for each response was
requested to assist panellists in reaching consensus in subsequent rounds.
3.3.3

Participants

The panellists were aged 18-65 years and literate in written English. The study only
targeted physiotherapists as RDP is based primarily on concepts widely used within the
discipline (Spoto & Collins, 2008). Physiotherapy experts in LBP were furthermore
targeted due to their higher levels of knowledge and experience, which were presumed
to increase the validity of the features identified (Ford et al., 2007; Reid, 1988).
The panellists were recruited from a variety of sources, including musculoskeletal
physiotherapists, McKenzie therapists and researchers in LBP.
The musculoskeletal (also known as manipulative) physiotherapists were required to
have completed postgraduate training in musculoskeletal disorders. University
coordinators of musculoskeletal physiotherapy programs were also recruited because of
their presumed high levels of knowledge in the management of LBP. A list was
compiled of coordinators from universities offering postgraduate programs and who
belonged to a member country recognised by the International Federation of
Orthopaedic Manipulative Physical Therapists. The final selection of coordinators was
selected randomly out of a hat.
As discussed in Chapter 2, the McKenzie method pioneered the concept of RDP
(McKenzie, 1981). The graduate diploma in MDT is the highest training qualification
for McKenzie therapists. Physiotherapists with this qualification that were listed on the
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McKenzie Institute International website (The McKenzie Institute International, 2007)
were randomly selected out of a hat.
A citation indexing service (Web of Science) was used to identify researchers with a
physiotherapy qualification to participate in the study. The search terms ‘back’ and
‘pain’ were searched in English publications from between 1998 and 2007 in the
Science Citation Index Expanded database. The researchers identified were ranked
based on the number of cited publications, and sequentially invited to participate until
seven provided their consent.
To minimise the drop out rate of participants, it has been suggested that 20 or less
participants should be included in panels conducted over several rounds (Delbecq et al.,
1975; Reid, 1988). Twenty-one panellists were recruited to minimise the potential bias
of uneven numbers within the three groups. Seven potential panellists from each source
were provided two weeks to respond to an initial email invitation. Follow-up emails
were then sent to non-responders after a week. If there was no response after an
additional 2 weeks, another panellist from the relevant source was invited.
3.3.4

Author panel

An author panel of three physiotherapists was created to analyse and consolidate the
panellists’ responses. Table 3.1 presents the experiences and characteristics of the
author panel.
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Table 3.1: Characteristics of the author panel

Author panel member

Characteristics

1

Professor of physiotherapy
30 years of clinical experience
31 years of academic experience

2

Physiotherapist with PhD
Post-professional Masters of Musculoskeletal
Physiotherapy
Credentialed qualification in MDT
21 years of clinical experience
15 years of academic experience

3

PhD candidate
7 years of clinical experience
4 years of academic experience

After receiving the questionnaires from Round 1 and 2, the author panel tabulated all of
the responses from Question 1 and 3 into a Microsoft Excel spreadsheet. A qualitative
*

thematic analysis was subsequently performed (Powell, 2003). The author panel
grouped features with similar meanings, but variable wording or phrasing, into mutually
exclusive categories. The key themes in each category were then identified and a
consensus was reached among the author panel on a clear and consistent wording for
each feature. Where possible, the exact words or phrases used by the panellists were
replicated to prepare the subsequent questionnaire.
3.3.5

Data analysis

After completing Round 1, the author panel collated and refined the features of
discogenic and NRDP. A consolidated list of features and associated justifications
across the three Round 1 questions formed the basis for the questionnaire in Round 2.

*

Microsoft Corp, One Microsoft Way, Redmond, WA 98052-6399
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In Round 2, the panellists were asked to rank 15 features that they believed were
indicative of discogenic and NRDP in order of priority (Questions 1 and 3,
respectively). They were also asked Question 2 (‘Do you consider that another subgroup
of discogenic pain exists?’) again. They were asked to rank the features to further assist
reaching a consensus in Round 3. The author panel selected an arbitrary cut-off point of
15 features in Round 2 to encourage selectivity in the panellist choices.
On completion of Round 2, the responses were consolidated and the features that were
not selected by any panellists were omitted. In Round 3, the panellists were provided
with the consolidated results from the previous round and the average rank and
percentage of the panellists that selected each feature. In the final questionnaire, the
panellists were again asked to re-rank the top 15 features relating to discogenic and
NRDP.
Although there are no firm rules to establish when consensus is reached, it is common
practice to set a percentage level, with various consensus levels noted (Cook et al.,
2005; Cook et al., 2006; McCarthy, Rushton, Billis, Arnall, & Oldham, 2006; Powell,
2003; Wilde et al., 2007). A lower level of consensus of ≥50% was set a priori to
minimise the risk of potentially useful features being erroneously omitted from the final
results. On completion of Round 3, the features of discogenic and NRDP that reached
this ≥50% consensus level were identified.
3.4 Results
In total, 88 potential panellists were emailed regarding participation. This included 14
university coordinators, 30 McKenzie therapists and 44 researchers. The first seven
experts that consented from each source were recruited to participate in the survey.
Table 3.2 shows the reasons why potential panellists did not participate in the survey.
Table 3.3 lists the demographics and experience of the recruited panellists.
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Table 3.2: Reasons for non-participation by potential panellists

Reason

Number of panellists

Non-response to emails (total: 35)

4 Musculoskeletal physiotherapists
12 McKenzie therapists
19 Researchers

Did not have time to participate (total:

2 Musculoskeletal physiotherapists

11)

2 McKenzie therapists
7 Researchers

Unable to acquire current contact details

5 McKenzie therapists

(total: 10)

5 Researchers

Away for duration of study (total: 5)

3 McKenzie therapists
2 Researchers

Did not consider themselves to be an

4 Researchers

expert in low back pain (total: 4)
Declined to participate, with no reason

1 Musculoskeletal physiotherapist

provided (total: 2)

1 McKenzie therapist
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Table 3.3: Panellist characteristics
Characteristic
Age

Mean = 48.1 years
Range = 34-63 years

Sex

Male = 14 panellists
Female = 7 panellists

Clinical practice experience

Mean = 21.7 years
Range = 7-36 years

Primary work setting (setting where
³50% of work time is spent)

Clinical setting = 9 panellists
(Any time spent = 15 panellists)
Teaching = 5 panellists
(Any time spent = 19 panellists)
Research = 4 panellists
(Any time spent = 14 panellists)
Other = 2 panellists
(Any time spent = 6 panellists)

Country of residence

Australia = 6 panellists
New Zealand = 4 panellists
United States = 3 panellists
United Kingdom = 2 panellists
Canada = 2 panellists
Italy = 1 panellist
China = 1 panellist
Norway = 1 panellist
Germany = 1 panellist

Figure 3.2 provides a summary of the Delphi rounds. Five panellists were unable to
participate in all rounds, due to family issues (n = 1), work commitments (n = 1) and the
death of a panellist (n = 1). Two panellists did not believe that pathoanatomical
subgroups could be identified and did not continue with the study beyond Round 1.
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Panellists identified, n = 88

Consenting panellists, n = 21

Round 1 questionnaire, with total responses:
1. Features of discogenic LBP = 148
2. Features of NRDP = 48

Author Panel:
Qualitative analysis of returned responses
Consolidated discogenic features = 56
Consolidated NRDP features = 42

Round 2 questionnaire:
1. Select and rank 15 features of discogenic LBP
2. Select and rank 15 features of NRDP
3. Provide further justification(s) for responses

Responses returned and analysed
Panellists, n = 18

Questionnaire 3 developed, with features not selected omitted
1. Features of discogenic LBP = 51
2. Features of NRDP = 35

Responses returned and analysed
Panellists, n = 16

Final features of discogenic LBP and NRDP
Discogenic features = 10
NRDP features = 9

Figure 3.2:

Summary of the Delphi rounds

Abbreviations: LBP = Low back pain; NRDP = Non-reducible discogenic pain
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3.4.1

Subgroups of discogenic low back pain

After Round 1, seven panellists believed that additional subgroups of discogenic pain
did not exist and that NRDP was thus not a clinical entity. However, after reviewing the
consolidated responses and justifications of the other experts in Rounds 2 and 3, four of
these panellists subsequently modified their opinion.
On analysis and consolidation of the results from Round 1, the author panel decided to
provide additional clarification to the expert panellists. In the Round 1 questionnaire,
the term ‘discogenic pain unresponsive to repeated movement’ was used in Question 3,
based on the author panel’s clinical experience and interpretation of the research
literature. In preparing the Round 2 questionnaire, the author panel changed the
nomenclature to ‘non-reducible discogenic pain’ to be consistent with the terminology
used by the panellists in Round 1 and other publications on the subgrouping of LBP
(Petersen et al., 2003).
Following Round 1, the panellists identified a number of subgroups where the nonreducible disc was associated with disc herniation/radiculopathy, discitis, an unstable
disc and adolescent discogenic pain. The author panel determined that the panellists had
identified potential heterogeneity within the original NRDP subgroup and developed
flowcharts to describe these subgroups after Round 1 (Figure 3.3) and Round 2 (Figure
3.4). The descriptions of the additional subgroups in Figure 3.4 were replicated from the
panellists’ wording to minimise author panel bias. The panellists in Round 2 and 3 were
instructed to review the flowcharts and exclude each of the other potential subgroups of
NRDP when ranking the features in Question 3. These measures were taken to increase
the likelihood that the features that reached consensus in Round 3 would reflect a
homogeneous subgroup of uncomplicated NRDP.
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Features of radiculopathy

Yes

No

Radiculopathy

Features of discogenic pain

Yes

No

Responsive to mechanical loading
strategies

Non-discogenic pain

Yes

No

Reducible discogenic pain

Non-reducible discogenic pain

Figure 3.3:

Proposed subgroups of low back pain based on Round 1 results

Features of discogenic pain including
response to MLSs

Non-responsive to MLSs

Responsive to MLSs

Non-reducible discogenic pain

Reducible discogenic pain

Disrupted outer annular wall ±
radiculopathy

Figure 3.4:

Adolescent
disc

Discitis

Non-reducible
discogenic pain (other)

Unstable disc

Proposed subgroups of low back pain based on Round 2 results

Abbreviation: MLSs = Mechanical loading strategies

3.4.2

Features of discogenic low back and non-reducible discogenic pain

After Round 3, the panellists reached the consensus level of 50% for 10 discogenic
features and 9 NRDP features, as listed in Table 3.4 and 3.5, respectively.
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Table 3.4: Features of discogenic low back pain reaching consensus

Feature

% Expert Acceptance

1. Directional preference (including centralisation and
peripheralisation)

88

2. Presence of a lateral shift

81

3. Symptoms aggravated by sitting

81

4. Discogram is positive for pain provocation, epidural is
not helpful and facet injection is not helpful

69

5. Pain changing sides of the lumbar spine

63

6. Symptoms aggravated on cough and/or sneeze

63

7. Postural preference (e.g. slouched vs. erect posture)

56

8. Symptoms aggravated by forward bending

56

9. Incident associated with flexion/rotation and/or
compression loading

50

10. Pain behaviour provoked and relieved by movements
or postures

50
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Table 3.5: Features of non-reducible discogenic pain reaching consensus

Feature

% Expert Acceptance

1. No position and/or movement reduces the symptoms
in a lasting way

100

2. No centralisation of symptoms with any position or
movement(s) in a lasting way

94

3. Peripheralisation of symptoms with all loading
strategies, including repeated movements and
sustained positions

75

4. No effect of loading strategies on presentation i.e.
repeated movements, sustained positioning or posture
5. Constant pain symptoms

69
63

6. Increase in symptoms with all loading strategies: that
is, all movement directions

63

7. Symptoms difficult to control

63

8. Positive discogram finding

56

9. Increase in symptoms with randomly provocative and
inconsistent positions and movements

50

3.5 Discussion
This study had two aims. First, it attempted to identify and provide evidence for features
indicative of discogenic pain. Second, it aimed to determine whether expert panellists
believed that subgroups of discogenic pain existed and if so, to identify the features
indicative of NRDP.
Regarding the first aim, it identified several features indicative of discogenic pain. The
majority of the panellists agreed that centralisation was indicative of discogenic pain,
consistent with large practitioner surveys (Kent & Keating, 2005a), and data on
predictive (May & Aina, 2012) and diagnostic accuracy (Hancock et al., 2007).
However, the clinicians believed that there may be features other than centralisation that
are indicative of discogenic pain (Kent & Keating, 2005a). All of the discogenic
features that reached consensus in this study have been commonly described in relation
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to RDP. The mechanisms underpinning them have furthermore been extensively
reviewed by other LBP authorities (Donelson, 2007; McKenzie, 1981; Wetzel &
Donelson, 2003). In addition, there is a body of biomechanical evidence on the IVD that
provides a plausible explanation for the features that the panellists identified. The
increased in vivo nuclear pressure caused by lumbar flexion (Adams & Hutton, 1985a;
Adams, McNally, Chinn, & Dolan, 1994) places sufficient stress on an IVD with
annular tear to stimulate nociceptive nerve fibres (Adams & Hutton, 1985b; Gordon et
al., 1991). This biomechanical evidence explains how postures such as sitting and
forward bending (e.g. features 3 and 7-10 in Table 3.4) may cause an increase in LBP.
An increase in intradiscal pressure from coughing or sneezing may increase the
posterior nuclear migration (feature 6 in Table 3.4) (Kramer, 1990; Nachemson, 1981).
Finally, the presence of a lateral shift (feature 2 in Table 3.4) is thought to be caused by
excessive posterolateral internal displacement of nuclear material (McKenzie & May,
2003; Tsantrizos, Ito, Aebi, & Steffen, 2005). The results contributed to the existing
biomechanical literature and provided evidence to support the clinical features
indicative of discogenic pain.
Regarding the second aim, several panellists initially believed that subgroups did not
exist and therefore that NRDP was not a separate clinical entity. However, they
modified their opinion after reviewing the responses of their peers. This ability of
panellists to modify their opinion anonymously is a strength of the Delphi technique
(Powell, 2003). After completing this study, the majority of the panellists believed that
additional subgroups of discogenic pain existed. This was consistent with surveys of
primary care clinicians, which showed that approximately 9 out of 10 respondents stated
that non-specific LBP was heterogeneous and 74% believed it was possible to recognise
LBP subgroups (Kent & Keating, 2004; Kent & Keating, 2005a).
Five of the nine features that reached consensus related to the failure of signs and/or
symptoms to positively respond to the application of MLSs (i.e. discogenic pain being
non-reducible). This was consistent with descriptions of NRDP in the literature
(Donelson, 2007; McKenzie & May, 2003; Petersen et al., 2003). However, there were
other features that also reached consensus and could be explained by the presence of
inflammatory processes. The panellists’ justifications included ‘constant pain
symptoms’ and ‘symptoms being difficult to control’ as results of inflammatory
processes. These features were consistent with a review paper on the presence of
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inflammatory processes in discogenic pain (Adams et al., 2010). Furthermore, another
expert panel study showed that indicators of inflammatory LBP included morning pain
on waking, pain waking the person up and constancy of pain (Walker & Williamson,
2009). Other features thought to be indicative of inflammatory processes, but which
failed to reach the a priori consensus level of agreement, included symptoms being
worse in the morning (44% consensus) and a positive response to non-steroidal antiinflammatory medications (44% consensus). While it is biologically plausible that
symptoms being worse with MLSs (features 3 and 6 in Table 3.5) could be due to
inflammatory processes (Petersen et al., 2003), the panellists did not provide this as a
justification. It has been hypothesised that an IVD with an inflamed and sensitised
annular tear does not positively respond to repeated movements due to nuclear
migration being less relevant when persistent inflammatory processes are a primary
cause of symptoms (Crock, 1986; Saal, 1995). Evidence of pro-inflammatory cells and
mediators, including macrophages (Gronblad et al., 1994), interleukins (Burke et al.,
2003), TNF-a (Weiler et al., 2005) and phospholipase A2 (Franson, Saal, & Saal, 1992)
in some people with abnormal disc morphology, further supports this hypothesis.
Positive provocative discography as a consensus feature indicative of discogenic and
NRDP was an interesting outcome of this study. As described in Section 2.6,
discography is an invasive test where the nucleus of the IVD suspected of causing LBP
is injected with radiolucent dye to provoke clinical symptoms and reveal morphological
abnormalities in the AF (Carragee, Lincoln, et al., 2006). Notwithstanding the issues
associated with provocative discography (Section 2.6), there is no plausible mechanism
for discography to differentiate between reducible and NRDP. Thus, it is not
unreasonable that the panellists reached consensus on this feature for both questions.
However, the panellists’ views should be interpreted in the context of the literature.
Discography may be a reasonable test, particularly if surgery is being considered
(Carragee, Lincoln, et al., 2006), but the results must still be interpreted in conjunction
with other clinical findings (Laslett, Aprill, et al., 2006).
3.5.1

Limitations

The study had several limitations. Prior to enrolment in the study, 53% of potential
panellists failed to respond to the initial email invitation. Thus, it was not possible to
collect meaningful data on the reasons for non-participation. In recent years, email
response rates for surveys have declined from 72% to 24%, most likely due to an
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increased frequency of unsolicited emails (Sheehan, 2001). The non-response rate of
this study (53%) was comparable with other Delphi studies on LBP (56-89%) that used
similar recruitment methodologies (Dionne et al., 2008; Smart, Blake, Staines, &
Doody, 2010; Wilde et al., 2007). For a study of preliminary validity, the non-response
rate is less likely to have been a relevant factor when interpreting the findings.
A high drop out rate is common during the Delphi technique (Beretta, 1996). Although
five panellists were unable to complete the study, their initial views on discogenic LBP
were consistent with those who remained. Non-completion was, therefore, unlikely to
have significantly biased the results. This was also the case for the three panellists who
felt NRDP existed as a subgroup of LBP, but who were unable to complete the Delphi
survey for logistical reasons.
Researcher bias is another weakness of the Delphi technique (Beretta, 1996). During
Round 1, the use of open response questions increased the richness of the data collected
and minimised potential researcher bias (Powell, 2003). The varied panellist responses
with overlapping meaning required careful consolidation by the author panel. To
minimise the potential bias, strict operational definitions were used regarding adherence
to the meaning and, where possible, wording by the majority of the panellists. The final
results were determined by panellist consensus and were thus less likely to be prone to
researcher bias.
Finally, the panel included seven McKenzie therapists with a graduate diploma in MDT.
The inclusion of these panellists could lead to bias and a false elevation of consensus
levels as the assessment and treatment using MLSs is a key component of the McKenzie
method. However, physiotherapists around the world extensively use these principles
(Foster et al., 1999; Spoto & Collins, 2008) and McKenzie therapists are important to
include when choosing a representative sample of physiotherapists with expertise in
LBP. In addition, given the gradual shift in the MDT training program towards a signs
and symptom response rather than pathoanatomical mechanisms (Donelson, 2007;
Donelson et al., 1997; Machado et al., 2006; McKenzie & May, 2003; The McKenzie
Institute International, 2008), McKenzie panellists may have been reluctant to identify
or rank features with a pathoanatomical basis, thereby reducing rates of consensus. To
further investigate this limitation, the data from the McKenzie therapists was removed
from the other panellists. The analysis of this data showed that the features that reached
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consensus remained consistent (Appendix E and F). Thus, the inclusion of McKenzie
therapists was unlikely to have biased the results.
3.6 Conclusion
This study provided preliminary evidence for a series of clinical features for discogenic
and NRDP. When combined with the existing research discussed in Chapter 2, the
results support the validity of both these subgroups and its associated features. These
clinical features form the foundation for the identification of discogenic LBP subgroups,
which can be subsequently used to evaluate the effectiveness of a specific treatment
approach matched to the subgroup. The following section considers the available
treatments for NRDP.
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CHAPTER 4: TREATMENT OF NON-REDUCIBLE DISCOGENIC PAIN
The preceding chapters explored subgroups of LBP and in particular those putatively
due to a symptomatic IVD. It provided sufficient evidence to support NRDP as a
subgroup worthy of further investigation. The findings of the previous chapters provide
a basis to review the specific management of NRDP, with a particular interest in
conservative treatments. The natural history of NRDP is first considered before
discussing the management options. The evidence on the treatment effectiveness of
medical management options, beginning with the least and progressing to the most
invasive, is presented before discussing conservative treatment options. Given the
limited research on NRDP, many of the treatments discussed in this chapter may not be
genuinely subgroup-specific. Nonetheless, the interventions that target the hypothesised
mechanisms underpinning NRDP are addressed. This chapter builds on the current
evidence through an expert panel survey on treatments targeting NRDP.
4.1 Introduction
4.1.1

Natural history

An understanding of the natural history or course of a disease without clinical
intervention is essential to the decision-making process regarding appropriate treatment.
An inadequate understanding can lead to false conclusions about an intervention’s
effectiveness (Donelson, McIntosh, & Hall, 2012; Hestbaek, Leboeuf-Yde, &
Manniche, 2003). It is difficult to study the natural history of LBP due to ethical issues
concerning withholding treatment from patients (Kent & Keating, 2005b). As a result,
studies have predominantly observed the clinical course of LBP, defined as the
development of the condition after the diagnosis and initiation of treatment, rather than
the natural history (Hestbaek et al., 2003; Tamcan et al., 2010).
Historically, the natural history of LBP has been favourably described (Andersson,
Svensson, & Oden, 1983; Klenerman et al., 1995; Schiottz-Christensen et al., 1999;
Waddell, 1987). The results of these early studies, however, defined a favourable result
primarily in terms of care-seeking patients returning to work or the cessation of medical
consultations, rather than the resolution of pain (Andersson et al., 1983; Waddell, 1987).
A systematic review showed that 33% of people demonstrated recovery after 3 months
of LBP (Itz et al., 2013). However, 65% still reported pain 12 months after the onset of
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symptoms (Itz et al., 2013). This was consistent with another review, which
demonstrated that 60-70% of people have not recovered (Lemeunier et al., 2012). In
cases where symptoms were resolved, persistent but low levels of disability and
recurrences remained (Hayden, Dunn, van der Windt, & Shaw, 2010; Hestbaek et al.,
2003; Hoy et al., 2010; Pengel, Herbert, Maher, & Refshauge, 2003). A recent trial
found different pain trajectory patterns in people with acute LBP, underlining the
complexity in the course of LBP (Downie et al., 2016). These results suggest that LBP
has a less favourable natural history than initially claimed, and that chronicity and
recurrences are common (Dunn, Jordan, & Croft, 2006).
The methodological variations in these studies may account for their varied results
(Hestbaek et al., 2003). Typically, studies examining the natural course of LBP use
poorly described and different definitions of LBP and recurrence, various follow-up
time points, outcome measures and evaluation methods (da C. Menezes Costa et al.,
2012; Hestbaek et al., 2003; Indahl, 2004; Tamcan et al., 2010). These methodological
variations limit the ability to make firm conclusions on the natural history of LBP
(Dunn et al., 2006; Hestbaek et al., 2003).
While several systematic reviews have evaluated the natural history of LBP, most
studies do not differentiate between the natural history of different LBP subgroups. Two
studies have attempted to assess the natural history of discogenic pain (Peng et al.,
2012; Rhyne, Smith, Wood, & Darden, 1995). Rhyne et al. (1995) retrospectively
analysed the long-term outcomes of patients diagnosed with single level discogenic
pain, but did not discriminate between those with or without a positive response to
MLSs (Rhyne et al., 1995). In this study, 25 individuals (16 women and nine men)
presenting with positive discography findings underwent conservative treatment
consisting of bed rest, medication and physiotherapy. The authors found that in the
intervening years between having the discogram and presenting for follow-up, 68% of
patients reported subjective improvement, 8% remained unchanged and 24% worsened.
There were no pain-free individuals during the follow-up period. A second study
observed the clinical course of discogenic LBP (Peng et al., 2012). In this larger study
(n = 156), the patients with chronic LBP were diagnosed as having discogenic pain
based on an MRI and confirmed by lumbar discography. All of the patients received
non-invasive treatment, including physiotherapy, medication and exercises for 2 months
following discography. The authors found that the majority (79.4%) had no
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improvement in symptoms or disability at the 4-year follow-up. Given the positive
prognostic value of centralisation (Section 2.7.1), it is plausible that the participants
from both studies who reported improvements presented with RDP, while the majority
who failed to improve presented with NRDP.
4.1.2

Medical management – pharmacological interventions

Non-steroidal anti-inflammatory medications
The presence of inflammatory processes has been postulated as a mechanism
underpinning NRDP. As such, guidelines recommend NSAIDs as the drug of choice for
the treatment of LBP (Oliveira et al., 2018).
Six systematic reviews and a clinical practice guideline concluded that the use of
NSAIDs were superior to placebo for non-specific LBP (Abdel Shaheed, Maher,
Williams, & McLachlan, 2014; Chou & Huffman, 2007a; Enthoven et al., 2016;
Kuijpers et al., 2011; Machado et al., 2017; Roelofs, Deyo, Koes, Scholten, & van
Tulder, 2008; White, Arnold, Norvell, Ecker, & Fehlings, 2011). In the most recent
systematic review for acute LBP, the meta-analysis showed statistically significant
immediate-term effects on pain intensity in favour of NSAIDs compared to the placebo
(mean difference = -6.4, 95% CI: -10.3 to -2.5) (Machado et al., 2017). The short-term
effects, however, were not significant (mean difference = -1.0, 95% CI: -5.9 to 3.9)
(Machado et al., 2017). In chronic LBP, the pooled data showed a statistically
significant decrease in pain intensity following NSAID treatment compared to the
placebo (mean difference = -6.97, 95% CI: -10.74 to -3.19) (Enthoven et al., 2016).
This was consistent with the most recent systematic review, which separated follow-up
timeframes into immediate term (mean difference = -11.1, 95% CI: -13.8 to -8.4) and
short term (mean difference = -9.8, 95% CI: -12.7 to -7.0) (Machado et al., 2017).
Adverse effects have commonly been reported with NSAID use for people with LBP
(Abdel Shaheed et al., 2014; Enthoven et al., 2016; Kuijpers et al., 2011; Kuritzky &
Samraj, 2012; Machado et al., 2017; Roelofs et al., 2008; Varga, Sabzwari, & Vargova,
2017; White et al., 2011). In the earliest review, analyses of four RCTs showed a
statistically significant difference in the adverse effects in the NSAID group compared
to those in the placebo intervention (relative risk = 1.24; 95% CI: 1.07 to 1.43) (Roelofs
et al., 2008). The adverse effects were considered mild to moderately severe and
included headaches, dizziness, tiredness, dry mouth, abdominal pain, diarrhoea,
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oedema, and rash (Roelofs et al., 2008). The most recent review (21 trials, 5153
participants), however, demonstrated no overall difference in the rate of adverse effects
between NSAIDs and the placebo (relative risk = 1.1, 95% CI 1.0 to 1.2) (Machado et
al., 2017). A significantly higher number of participants in the NSAIDs group (28/702)
compared to the placebo (9/465) group reported gastrointestinal events (relative risk:
2.5, 95% CI 1.2 to 5.2) (Machado et al., 2017). The cardiovascular effects of NSAIDs
have also been evaluated (Kuritzky & Samraj, 2012; Varga et al., 2017). Although
variability exists between individuals, studies have suggested that NSAIDs contribute to
an increased risk of cardiovascular events, especially when used over long periods of
time (Kuritzky & Samraj, 2012; Varga et al., 2017). Therefore, adequate monitoring,
proper patient education and short-term use of NSAIDs with the minimal effective dose
have been recommended to minimise risk (Kuritzky & Samraj, 2012; Varga et al.,
2017).
Antibiotics
Chapter 2 discussed the introduction of bacteria within the disc as a cause for the
pathogenesis of discogenic pain. It is possible for bacteria to enter the IVD following an
annular tear and cause a slow developing, low virulent infection (Albert et al., 2008).
The Modic changes on the MRI represent the subsequent inflammation and oedema
(Albert et al., 2008). A recent RCT evaluated the efficacy of antibiotic treatment in
patients with Type I Modic changes (Albert et al., 2013). In this trial, 162 patients were
randomised to either placebo or 100 days of antibiotic treatment. The antibiotic
treatment group experienced long-term improvements at 1-year follow-up that were
both statistically significant and clinically important on primary outcome measures
compared to the placebo group. Despite the positive results, the presence of bacteria has
historically been considered to be due to skin contaminants in surgical tissue specimens
(Fisher & Osti, 2015). Furthermore, the recruited patients had a previous disc herniation
on imaging and therefore not NRDP. While it is plausible that similar effects could be
demonstrated given the hypothesised pathoanatomical mechanisms in NRDP, further
research is needed to validate the use of oral antibiotics in this subgroup.
4.1.3

Medical management – intradiscal corticosteroid injection

Corticosteroids are injected into the IVD to suppress the inflammation considered
responsible for discogenic pain (Chou, Atlas, Stanos, & Rosenquist, 2009; Kallewaard
et al., 2010). One systematic review identified two trials investigating the efficacy of
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intradiscal steroid injections in people with chronic LBP and MRI evidence of
discogenic pain (Chou, Atlas, et al., 2009). In the first study, 25 patients with one level
disc disruption and a positive provocative discogram were randomised into a steroidal
injection group or anaesthetic group (Simmons, McMillin, Emery, & Kimmich, 1992).
In the other study, 120 patients with chronic lumbar discogenic pain were randomised to
either a corticosteroid or normal saline injection group (Khot, Bowditch, Powell, &
Sharp, 2004). Regardless of the control injection, no significant differences were found
between the groups in terms of improved functional status or pain relief (Chou, Atlas, et
al., 2009).
Another systematic review assessed the effectiveness of intradiscal steroid injections in
people with evidence of Modic changes and found significantly improved results in
patients presenting with inflammatory endplate changes (Jensen & Leboeuf-Yde, 2011).
However, the authors considered the quality of the data in these two studies
unacceptable (Buttermann, 2004; Fayad et al., 2007). The earlier study noted a
significant difference between the groups at baseline in disability, but not in pain
(Buttermann, 2004). The baseline differences may have furthermore confounded the
findings as patients with Modic changes had significantly greater improvements in
disability and pain. The results were also presented graphically and thus limited the
quantification of between-group differences. In the more recent study, the patients with
Type I Modic changes had a significantly greater reduction in short-term pain compared
to those with Type II changes. However, no differences were found for intermediateterm pain or disability (Fayad et al., 2007).
4.1.4

Medical management – thermal intradiscal procedures

Thermal intradiscal procedures involve heating the IVD sufficiently to decrease
nociceptive responses from disc disruption (Helm Ii et al., 2012). While the literature
has described several types of thermal procedures, only intradiscal electrothermal
therapy (IDET) has been sufficiently researched (Chou, Atlas, et al., 2009; Freeman,
2006; Helm Ii et al., 2012).
Due to the low quality of trials, recent systematic reviews on the effectiveness of IDET
have reported conflicting results (Chou, Atlas, et al., 2009; Helm Ii et al., 2012; Urrutia,
Kovacs, Nishishinya, & Olabe, 2007). The two earlier systematic reviews failed to
demonstrate support for the effectiveness of IDET (Chou, Atlas, et al., 2009; Urrutia et
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al., 2007). The most recent review, however, found fair evidence for the effectiveness of
IDET in relieving discogenic LBP when a stricter definition for IDET was adopted
(Helm Ii et al., 2012). While Helm II and colleagues (2012) identified methodological
flaws in a trial, which found no differences between IDET and the placebo (Freeman,
Fraser, Cain, Hall, & Chapple, 2005), they failed to identify similar methodological
issues in another RCT showing effectiveness for IDET (Pauza et al., 2004).
Interestingly, these methodological issues have previously been identified in the earlier
systematic reviews (Chou, Atlas, et al., 2009; Urrutia et al., 2007).
Numerous trials of mixed quality have been published evaluating the efficacy of IDET
(Assietti, Morosi, Migliaccio, Meani, & Block, 2011; Davis, Delamarter, Sra, &
Goldstein, 2004; Derby, Eek, Lee, Seo, & Kim, 2004; Freeman et al., 2005; Nunley,
Jawahar, Brandao, & Wilkinson, 2008; Pauza et al., 2004; Tsou et al., 2010). However,
only two small higher quality placebo-controlled trials for patients with positive
provocative lumbar discography have been conducted (Freeman et al., 2005; Pauza et
al., 2004), demonstrating conflicting results. In the earlier trial (n = 64; 37 IDET, 27
placebo), IDET was associated with significantly greater improvements in pain (p =
0.005) and activity limitation scores (p = 0.050) compared to the placebo (Pauza et al.,
2004). However, there are several reasons other than the effectiveness of IDET that may
explain these results. Baseline characteristics favoured the IDET group, but these
differences were not taken into account during the analyses. Given the loss of follow-up
outcomes (8/64), the authors opted for ‘per protocol’ analyses. By not performing
intention-to-treat analyses, there was a potential to overestimate the efficacy of IDET
and increase the risk of a Type I error (Gupta, 2011).
In contrast, Freeman et al. (2005) found no differences between the IDET and the
placebo (n = 57; 38 IDET, 19 placebo) with chronic discogenic LBP. No patient in
either treatment arm achieved success, which was defined as having no neurological
deficits, an improvement in the low back outcome score of greater than seven points and
an improvement in the SF-36 subsets (physical function and bodily pain) of greater than
one standard deviation. The study, however, had several issues. Firstly, as with Pauza
(2004), the baseline differences between the treatment groups were evident. Secondly,
the authors failed to report the pain scores, despite being listed as an outcome measure.
This study also failed to control for factors known to be associated with adverse
outcomes, such as having multi-level disc degeneration, being overweight or receiving
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workers’ compensation benefits (Kapural & Mekhail, 2006). Finally, the placebo
treatment failed to have any effect, which was in direct contrast to Pauza and colleagues
(2004) where a definitive placebo effect was noted among the sham-treated controls.
Furthermore, improvements have consistently been shown with a placebo intervention
(Carragee, 2011).
4.1.5

Medical management – lumbar spinal fusion

Spinal fusion is a surgical technique that induces the formation of bone between
adjacent vertebrae. It attempts to stop motion at a painful vertebral segment (Babu et al.,
2011). As there is immobilisation of the whole vertebral segment, fusion affects
multiple lumbar structures. Despite the lack of specificity for NRDP, fusion has
historically been performed for chronic discogenic LBP.
Three recent systematic reviews have investigated the effectiveness of lumbar fusion
(Andersson, Mekhail, & Block, 2006; Bydon et al., 2014; Chou, Baisden, et al., 2009).
The earliest review evaluated fusion for people with disc disruption diagnosed by
discography (Andersson et al., 2006). It identified 33 studies of various research
designs, surgical procedures and outcomes measures and found 16 (48%) studies that
reported on patients achieving ‘good’ or ‘excellent’ results. The individual studies
determined the definition of a good or excellent outcome, but typically reflected
moderate to complete pain relief. Although the overall median percentage value was
67% for a good or excellent result, the range of results was wide (17-100%). A more
recent review similarly demonstrated a large variability and concluded that less than
half of patients experience no more than sporadic pain, slight restriction of function and
occasional analgesics (Chou, Baisden, et al., 2009). Although fusion was slight to
moderately more superior than non-intensive standard physiotherapy, evidence showed
no differences for pain or function between fusion and intensive rehabilitation with a
cognitive-behavioural emphasis (Chou, Baisden, et al., 2009). Pooled data in the most
recent review also demonstrated no significant differences between intensive
rehabilitation and fusion (Bydon et al., 2014).
4.1.6

Medical management – intervertebral disc replacement

A recent systematic review assessed the effectiveness of disc replacement for chronic
LBP due to lumbar discogenic pain (Jacobs et al., 2013). The authors identified seven
eligible trials and concluded that the clinical improvements for disc replacement were
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not beyond the accepted boundaries of clinical importance compared to lumbar fusion.
The authors recommended caution in adopting disc replacement on a large scale. This
recommendation was further supported by the lack of follow-up data longer than 2
years, preventing the evaluation of long-term complications.
4.1.7

Conservative management – traction

Traction therapy is a conservative procedure that aims to elongate the spine by reducing
the lumbar lordosis and increasing the intervertebral space (Lu et al., 2014; Wegner et
al., 2013). Although the exact mechanism by which traction assists the reduction of
lumbar symptoms is unclear, several mechanisms have been postulated, including the
inhibition of nociceptive impulses, an increase in nutrient flow into a degenerate disc
and a reduction of mechanical stress (Lu et al., 2014; Wegner et al., 2013).
A recent systematic review evaluated non-operative management for people with
discogenic pain (Lu et al., 2014). Of the 11 studies that met the inclusion criteria, only
one RCT evaluated traction. This trial found no significant differences in any clinical
outcomes between people with discogenic pain who received traction and those
receiving a sham treatment of non-therapeutic weights (Schimmel et al., 2009). The lack
of effectiveness was furthermore supported by other reviews on people with nonspecific LBP (Krause, Refshauge, Dessen, & Boland, 2000; van Middelkoop et al.,
2011; Wegner et al., 2013).
4.1.8

Conservative management – exercise therapy

Guidelines commonly recommend exercise therapy for the management of LBP
(Oliveira et al., 2018). Exercise therapy has been defined as ‘a series of specific
movements with the aim of training or developing the body by a routine practice or
physical training to promote good physical health’ (Abenhaim et al., 2000; van
Middelkoop et al., 2010). Positive outcomes included improved fitness, back strength,
flexibility, mobility, and mood, and protection against depression (Hoffman &
Hoffman, 2007; Rainville et al., 2004; Searle, Spink, Ho, & Chuter, 2015; van Tulder,
Koes, & Bombardier, 2002). A recent cross-sectional study also suggested that regular
running was associated with IVD hypertrophy and better composition of the disc
(Belavy et al., 2017). While exercise is commonly recommended and has demonstrated
positive effects, systematic reviews have been unable to determine which groups or
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types of exercises are the most effective for LBP (O'Keeffe et al., 2016; Searle et al.,
2015).
4.1.9

Conservative management – specific motor control

Specific motor control, as a subset of exercise therapy, has been extensively
investigated. Lumbar spine motion is controlled and maintained within a physiological
intervertebral range by three stabilising subsystems: the passive spinal column, the
active spinal muscles and the neural control unit (Panjabi, 1992a, 1992b). The passive
subsystem comprises ligamentous and bony structures and provides stability by limiting
the end range in intervertebral motion. The active subsystem includes the muscles that
control spinal movements within a range defined by the passive structures. The neural
control unit is composed of the central and peripheral nervous system that coordinates
the muscle activation to create lumbar spine motion. The contribution of each
subsystem to the control of movement is known as motor control (Hodges, Cholewicki,
& Van Dieën, 2013). Adequate motor control is important to support the spine in
various loaded situations (Hodges et al., 2013). Although all three subsystems may be
affected by LBP, the muscular subsystem has been the most widely studied and debated
(Hodges, 2008; Hodges et al., 2013; Hodges & Tucker, 2011; van Dieen, Selen, &
Cholewicki, 2003). The muscular subsystem comprises the global (e.g. erector spinae,
rectus abdominis) and local muscles (e.g. transversus abdominis, multifidus) (Panjabi,
1992a, 1992b). Global muscles typically cross several joints, do not directly attach onto
the vertebrae and create gross movements as a primary function (Bogduk, 2005;
Richardson, Hodges, & Hides, 2004). Local muscles only cross one or two joints and
attach directly onto the vertebrae. The inability to generate sufficient torque for gross
movements limits the local muscles to a primary role of controlling lumbar spine
movement and stability. As such, these muscles are commonly referred to as
‘stabilising’ or ‘core’ muscles (Richardson et al., 2004).
The local muscles contribute to motor control by fine-tuning intervertebral motion
(Barker et al., 2006; Cresswell, Grundstrom, & Thorstensson, 1992; Hodges, Cresswell,
& Thorstensson, 1999; Hodges, Kaigle Holm, et al., 2003; Hodges & Richardson,
1997a; Hodges et al., 2013; Kaigle, Holm, & Mansson, 1995; Tesh, Dunn, & Evans,
1987; Wilke, Wolf, Claes, Arand, & Wiesend, 1995). The transversus abdominis finetunes motion by increasing intra-abdominal pressure (Cresswell et al., 1992; Hodges,
Kaigle Holm, et al., 2003; Hodges, Cresswell, Daggfeldt, & Thorstensson, 2001) and
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tensioning the thoracolumbar fascia (Barker et al., 2006). To prepare the body for any
postural perturbation or movement, transversus abdominis and multifidus have been
shown to precede the contraction of other trunk or limb muscles during motion
(Cresswell, Oddsson, & Thorstensson, 1994; Davarian, Maroufi, Ebrahimi,
Parnianpour, & Farahmand, 2014; Hodges et al., 1999; Hodges & Richardson, 1996,
1997a; Hodges & Richardson, 1997b; Leinonen et al., 2001). In this process, known as
a feed-forward strategy, a muscle is active before any feedback could be available to
induce muscle activation (Hodges, 2008). Studies have postulated that this phenomenon
prepares the trunk for the ensuing load (Cresswell et al., 1994; Hodges et al., 1999;
Hodges & Richardson, 1997b). In addition to the feed-forward strategy, the local
muscles are independent of limb or trunk movement. This further supports the notion
that the local muscles have a role in spinal control (Cresswell et al., 1992; Hodges et al.,
1999; Hodges & Richardson, 1997a).
In the presence of pain or pathology, the structure and functioning of the lumbar
muscles change (Hides, Gilmore, Stanton, & Bohlscheid, 2008; Hodges, Moseley,
Gabrielsson, & Gandevia, 2003; Kiesel, Underwood, Mattacola, Nitz, & Malone, 2007;
Wallwork, Stanton, Freke, & Hides, 2009). In people with LBP, the activation of
transversus abdominis and multifidus are consistently reduced (Hides, Gilmore, et al.,
2008; Hodges, Moseley, et al., 2003; Kiesel et al., 2007; Wallwork et al., 2009). The
feed-forward strategy is also delayed during arm (Hodges & Richardson, 1996;
MacDonald, Moseley, & Hodges, 2009) and leg movements (Hodges & Richardson,
1998). These findings occur concurrently with morphological changes, such as the
reduction in the cross-sectional area (Dickx, Cagnie, Parlevliet, Lavens, & Danneels,
2010; Hides et al., 2011; Hodges, Holm, Hansson, & Holm, 2006) and fatty infiltration
of the multifidus muscle (Hides, 1994; Hodges et al., 2006). In contrast, research has
also suggested an augmentation in the superficial global muscle activity in the presence
of pain (Geisser et al., 2005; Hodges, Moseley, et al., 2003; Lariviere, Gagnon, &
Loisel, 2000; Ng, Richardson, Parnianpour, & Kippers, 2002; van Dieen et al., 2003).
The augmented response suggests increased protection of the lumbar spine from further
pain or injury (Hodges et al., 2013). The size and location of the cortical representation
for the trunk muscles in the brain also changes in response to pain (Tsao, Danneels, &
Hodges, 2011). These observations suggest that, in the presence of pain, there is a shift
from a finely tuned motor strategy, involving discrete activation of the deep local
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muscles, to a trunk stiffening strategy created by enhanced superficial global muscle
activity (Falla & Hodges, 2017; Hodges et al., 2013).
The changes in motor control as a result of pain or pathology can be retrained and
reversed (Hodges et al., 2013). The timing and degree of muscle contraction can be
retrained as part of the feed-forward response in the lumbar spine (Tsao, Druitt,
Schollum, & Hodges, 2010; Tsao & Hodges, 2007). This training adaptation is
maintained over a 6-month period (Tsao & Hodges, 2008). Training of transversus
abdominis also increases the lateral sliding and thickening of the muscle (Vasseljen &
Fladmark, 2010) to a greater extent than manual therapy or general exercises (Ferreira
et al., 2010). Similar results have been found for the multifidus (Hides, Richardson, &
Jull, 1996). Specific motor control training can also reduce the activity of the global
muscles (Tsao, Druitt, et al., 2010). At the level of the brain, motor control exercises
can reorganise the motor cortex representation of the lumbar spine muscles (Tsao,
Galea, & Hodges, 2010).
A counter view also exists to challenge this approach (O'Sullivan, 2012). It argues that
proponents of a motor control approach commonly attempt to create ‘more spinal
stability with the belief that more stability is better’ (O'Sullivan, 2012). Opponents
question this ‘stability’ approach given that people with non-specific LBP present with
increased co-contraction of trunk muscles (Hodges, van den Hoorn, Dawson, &
Cholewicki, 2009; van Dieen et al., 2003), guarded spinal movement (Geisser, Haig,
Wallbom, & Wiggert, 2004) and hyperactivity of trunk muscles (Dankaerts, O'Sullivan,
Burnett, & Straker, 2006; Dankaerts et al., 2009; Pool-Goudzwaard et al., 2005). There
is also an inability of the lumbar muscles to relax (Dankaerts et al., 2009; Geisser et al.,
2004). One study has shown a tendency for earlier onsets of the anterolateral abdominal
wall muscles during rapid arm movements rather than timing delays (Gubler et al.,
2010). It has also been documented that people with LBP in sporting populations
present with trunk muscle hypertrophy in the lumbar multifidus (McGregor, Anderton,
& Gedroyc, 2002) and quadratus lumborum muscles (Hides, Stanton, et al., 2008).
However, the consensus among experts highlights the complexity in motor control
training, which focuses on the activation, control and coordination of the deep local
muscles, before integrating them with the superficial global muscles in functional tasks
(Hodges et al., 2013; Saragiotto, Maher, Yamato, Costa, Menezes Costa, et al., 2016).
Motor control retraining, therefore, requires a balance between stability and mobility,
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rather than just increasing stability (Hodges & Cholewicki, 2007; Hodges et al., 2013).
Although RCTs that evaluate a motor control approach focus on exercises targeting
activation and control of the local muscles, many often fail to progress the exercises into
more functional activities (Macedo et al., 2012). Furthermore, trials evaluating a motor
control approach often fail to deliver the intervention as intended (Macedo, Maher,
Latimer, & McAuley, 2009).
Opponents have argued that the findings from recent systematic reviews challenge the
effectiveness of a motor control approach in LBP (Macedo et al., 2016; Saragiotto,
Maher, Yamato, Costa, Costa, et al., 2016; Saragiotto, Maher, Yamato, Costa, Menezes
Costa, et al., 2016). In chronic LBP, motor control exercises were found to be similar to
other forms of exercise (Saragiotto, Maher, Yamato, Costa, Costa, et al., 2016;
Saragiotto, Maher, Yamato, Costa, Menezes Costa, et al., 2016). Although no firm
conclusions could be made in acute and subacute LBP due to the lack of large trials, the
authors have suggested that motor control exercises do not provide any benefit over
spinal manipulative therapy, other types of exercise or medical management to decrease
pain and disability (Macedo et al., 2016). Many systematic reviews evaluating the
effectiveness of motor control exercises have been applied to non-specific LBP
populations, where smaller effect sizes are found compared to trials that focus on
specific populations. As discussed in the introduction, the heterogeneity in RCTs is a
possible reason for the results of the systematic reviews. The failure of many RCTs to
adequately account for the multiple dimensions of LBP (O'Keeffe et al., 2016) would
further reduce the effectiveness of an intervention. Individualised and targeted exercisebased treatments are likely to improve the effectiveness (Falla & Hodges, 2017). For
example, a recent trial compared graded activity with motor control for people with
non-specific LBP and found that both treatments were equally effective (Macedo et al.,
2012). Further analysis has shown that a motor control approach is more effective in
individuals who scored higher on the Lumbar Spine Instability Questionnaire, whereas
graded activity was more effective in those with a low score (Macedo et al., 2014). One
trial found that people with LBP respond best to specific motor control training if they
presented with poor activation of the transversus abdominis at baseline (UnsgaardTondel, Lund Nilsen, Magnussen, & Vasseljen, 2012), further supporting a targeted
approach.
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4.1.10 Conservative management – functional restoration
Mayer and colleagues (1985) first described functional restoration as a multi-modal and
multi-disciplinary pain management program. Although functional restoration
incorporates exercise therapy as one component of the overall rehabilitation program, it
also uses other treatment strategies. For instance, a comprehensive cognitivebehavioural treatment has been applied to help patients cope with and manage their pain
while undergoing the sports medicine physical approach to correct functional deficits
and overcome psychosocial barriers. Through a graded exercise program that simulates
work or functional tasks in a safe and supervised clinical environment, strength,
flexibility and cardiovascular fitness are improved, in addition to enhanced
psychological and physical tolerances (Poiraudeau, Rannou, & Revel, 2007; Schaafsma
et al., 2010).
Numerous reviews have evaluated the effectiveness of functional restoration programs
for non-specific LBP (Chou & Huffman, 2007b; Norlund, Ropponen, & Alexanderson,
2009; Poiraudeau et al., 2007; Richards et al., 2013; Schaafsma et al., 2010; Schonstein,
Kenny, Keating, & Koes, 2003; van Geen, Edelaar, Janssen, & van Eijk, 2007). For
acute LBP, the reviews found that functional restoration was no more effective than
normal activities, usual care or standard exercise therapy (Chou & Huffman, 2007b;
Schaafsma et al., 2010; Schonstein et al., 2003). In contrast, people with post-acute LBP
experienced moderate-sized improvements in function, work status and pain levels,
following a multi-disciplinary functional restoration program (Chou & Huffman, 2007b;
Norlund et al., 2009; Poiraudeau et al., 2007; van Geen et al., 2007).
Intensive multi-disciplinary programs are perceived to be more difficult to access and
more expensive compared to conventional treatment approaches provided by a single
discipline (Gatchel & Mayer, 2008; Karjalainen et al., 2001; van Geen et al., 2007). A
physiotherapist may be less expensive and more accessible to people with LBP as they
are trained in the assessment and management of LBP using exercise and can develop
the skills to implement cognitive-behavioural strategies with further training (Richards
et al., 2013; van der Windt, Hay, Jellema, & Main, 2008). Several individual trials have
demonstrated substantial effect sizes favouring physiotherapy functional restoration for
post-acute LBP (Friedrich, Gittler, Halberstadt, Cermak, & Heiller, 1998; Frost, Klaber
Moffett, Moser, & Fairbank, 1995; Kankaanpaa, Taimela, Airaksinen, & Hanninen,
1999; Pengel et al., 2007). A recent systematic review found moderate- to high-quality
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evidence of small effects favouring physiotherapy functional restoration over advice for
intermediate-term function and intermediate- and long-term pain (Richards et al., 2013).
Inadequate sample and protocol descriptions could be a cause for the modest results on
the effectiveness of physiotherapy functional restoration (Richards et al., 2013). As
heterogeneity can reduce the chance of finding significant treatment effects (Ford et al.,
2007; Fritz et al., 2007), heterogeneity between trials regarding the program
components, comparison groups, outcome measures and follow-up time points could
also be the cause. Although the review found preliminary evidence of no differences
between functional restoration and other conservative treatments, the methodology in
the eligible trials did not meet the requirements of an ‘equivalence trial’ according to
current guidelines (Piaggio, Elbourne, Altman, Pocock, & Evans, 2006). Therefore, it
was not possible to conclude a genuine ‘no difference’ between the treatments
(Richards et al., 2013).
4.2 Aims
The interventions discussed above showed variable results in the management of LBP.
Although they demonstrated plausible mechanisms of action targeting NRDP, there is
limited research investigating these treatments specifically for NRDP. Given the
importance of identifying conservative treatments matched to NRDP, the opinions of
international physiotherapists with expert knowledge in LBP were sought to identify
treatments that are effective for people with NRDP.
4.3 Method
This study was conducted in conjunction with the expert panel survey of international
physiotherapists described in Chapter 3. The methods are outlined again below, with
greater emphasis on the treatment component.
4.3.1

Ethics approval

The University of Melbourne Human Research Ethics Committee granted ethics
approval for this study (Ref. No. 0710082, Appendix B).
4.3.2

Design

The Delphi technique was used to survey a panel of experts to reach consensus on the
treatment of NRDP. This study was conducted over three rounds of questionnaires, with
the study information (Appendix C) and questionnaire (Appendix D) distributed via
email and consecutively completed by the panellists (Figure 3.1).
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As discussed in Chapter 3, the panellists were first asked three sequential questions on
the features of discogenic pain and NRDP:
1. What features do you consider to be indicative of discogenic LBP?
2. Do you consider that another subgroup of discogenic pain (other than disc
herniation with associated radiculopathy and RDP) exists?
3. List the criteria that you believe are indicative of discogenic pain unresponsive
to repeated movements.
The panellists who completed Question 3 were also asked to complete a further question
relating to treatments for NRDP:
4. What type of treatments do you believe are effective in patients with NRDP?
The panellists were asked to list treatments that they thought were effective for patients
with NRDP. Similar to the initial three questions, the panellists were requested to justify
their responses. Figure 4.1 illustrates the sequence of events to determine the treatments
for NRDP.
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Panellists identified and invited to participate

21 panellists consent to participate

Round 1 questionnaire:
1. List features of discogenic LBP
2. List features of NRDP
3. List treatment strategies for NRDP
4. Provide justification(s) for responses

Responses returned

Author Panel:
Development of questionnaire/analysis with all consolidated
responses included

Round 2 questionnaire:
1. Select and rank 15 features of discogenic LBP
2. Select and rank 15 features of NRDP
3. Select and rank 15 treatment strategies for NRDP
4. Provide further justification(s) for responses

Responses returned and analysed. Questionnaire 3 developed
with features not selected omitted. Descriptive statistics provided

Questionnaire 3:
1. Re-rank 15 features of discogenic LBP
2. Re-rank 15 features of NRDP
3. Re-rank 15 treatment strategies for NRDP

Responses returned and analysed

Final features of discogenic LBP and NRDP identified by
achieving ≥50% consensus
Final treatment strategies for NRDP identified by achieving
≥50% consensus

Figure 4.1:

Flowchart of Delphi study including treatment strategies for non-

reducible discogenic pain
Note: The Delphi technique that is specific to this study is highlighted in bold.
Abbreviations: LBP = Low back pain; NRDP = Non-reducible discogenic pain
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4.3.3

Participants

As part of the expert panel study, 21 participants were recruited from university
coordinators of musculoskeletal physiotherapy programs, physiotherapists with a
graduate diploma in MDT and researchers with expertise in LBP. The panellists who
did not consider that other subgroups of discogenic pain existed were not required to
complete Question 3 or 4 (see Section 3.3.3).
4.3.4

Author panel

An author panel of three physiotherapists convened to consolidate and analyse the
panellists’ responses. The author panel also ensured the minimisation of researcher bias.
Table 3.1 describes the characteristics of the author panel.
4.3.5

Data analysis

After completing Round 1, the author panel then collated and refined the participants’
responses. Based on the responses collected in Round 1, the Round 2 questionnaire was
created from a consolidated list of treatments and associated justifications.
For Round 2, the panellists were asked to rank, in order of priority, 15 treatments that
they believed were effective for NRDP. Similar to the ranking of the features of NRDP
in Chapter 3, selectivity in the panellists’ choices was encouraged to assist them to
reach consensus in Round 3. The author panel selected the cut-off point of 15 features
in Round 2 as an arbitrary figure.
After completing Round 2, the responses were further consolidated with treatments not
selected by any panellist omitted. The panellists in the Round 3 questionnaire were
provided with information about the responses from Round 2, including the average
rank and percentage of panellists choosing each treatment. The panellists were then
asked to rank up to 15 treatment strategies thought to be effective for NRDP.
A consensus level of ≥50% was set a priori to minimise the risk of potentially useful
features being erroneously omitted from the final results.
4.4 Results
Table 3.3 shows the demographic results of the participants. Figure 4.2 presents a
summary of the Delphi rounds with only the results of the treatment strategies for
NRDP.
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Panellists identified, n = 88

Consenting panellists, n = 21

Round 1 questionnaire, with total responses:
1. Treatment strategies = 64

Author Panel:
Qualitative analysis of returned responses
Consolidated treatment strategies = 44

Round 2 questionnaire:
1. Select and rank 15 treatments for NRDP
2. Provide further justification(s) for responses

Responses returned and analysed
Panellists, n = 18

Questionnaire 3 developed, with features not selected omitted
1. Treatment strategies for NRDP = 41

Responses returned and analysed
Panellists, n = 16

Final treatment strategies for NRDP = 10

Figure 4.2:

Summary of Delphi rounds

Abbreviation: NRDP = Non-reducible discogenic pain
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After completing Round 3, the panellists reached the consensus level of 50% for 10
treatment strategies for NRDP (Table 4.1).
Table 4.1: Treatment strategies for non-reducible discogenic pain reaching
consensus

Treatment strategy

1. Education and advice about activity

% Expert Acceptance

87.5

2. Education and advice about pain mechanisms and
management

87.5

3. Education and advice about expectations

75

4. General exercise to increase function

75

5. Education and advice about empowerment

68.75

6. Functional restoration program

62.5

7. Treatment depends on a number of factors. The
therapies must consider the different contributing

62.5

factors, the possible pathology, psychosocial issues etc.
8. Time

56.25

9. Referral to a pain management specialist

50

10. Simple analgesic medication

50

4.5 Discussion
This study aimed to identify treatments thought to be effective for NRDP. The majority
of the panellists agreed that education and advice were important treatments for NRDP.
This finding was consistent with international guidelines on the treatment of LBP
(Oliveira et al., 2018) and clinical practice (Liddle et al., 2009). One of the earliest trials
used different themes of advice and education as part of its protocol (Indahl, Velund, &
Reikeraas, 1995), including an explanation about the cause for the participants’
symptoms using pathoanatomical descriptions, assurance regarding light activity rather
than bed rest, and demonstration of lifting and relaxed walking (Indahl et al., 1995). In
this current study, despite advice about pain mechanisms being the equal top treatment,
education regarding pathology just failed to reach the a priori consensus level, with
seven (43.75%) participants agreeing that it was an effective treatment for NRDP.
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Apart from education and advice, the panellists also reached consensus on exercise
therapy for the treatment of NRDP. Although most international guidelines do not
recommend exercise for the treatment of acute LBP, exercise under supervision is
recommended for post-acute LBP (Oliveira et al., 2018). There is limited evidence,
however, to support one form of exercise over another (Oliveira et al., 2018). This was
reinforced by general exercise and functional restoration reaching the consensus level.
Other forms of exercise were identified but failed to reach the consensus level. Despite
the evidence supporting motor control exercises, only six (37.5%) of the panellists
selected motor control exercises as a treatment for NRDP. The counterview presented
earlier that challenged the motor control approach may explain why this approach did
not reach consensus. Work hardening, another form of exercise therapy, also failed to
reach consensus with only two panellists (12.5%) selecting it as a treatment strategy.
This was despite a systematic review demonstrating a positive effect in people with
subacute LBP (Schaafsma et al., 2010). Irrespective of the recommended form of
exercise, this study strengthened the support for the provision of exercise therapy in the
management of LBP and NRDP.
Functional restoration, as a multi-modal treatment, reached consensus among 10
panellists. Given the evidence supporting functional restoration for post-acute LBP
(Chou & Huffman, 2007b; Norlund et al., 2009; Poiraudeau et al., 2007; Richards et al.,
2013; van Geen et al., 2007), this finding was not surprising. However, the reviews that
supported functional restoration were based on people with non-specific LBP
undertaking a standard functional restoration program. While such programs may be
applicable for people with NRDP, more focus on the pathoanatomical barriers to
recovery may be needed for people with NRDP (Ford, Hahne, Chan, & Surkitt, 2012;
Heymans et al., 2007) and may include a program of longer duration to account for the
slower rate of healing within the IVD (Adams et al., 2010). A more individualised and
targeted approach may adequately address the poorer outcomes in pain, function and
psychosocial issues associated with non-centralisation and peripheralisation (Donelson
et al., 1990; Heymans et al., 2007; Werneke & Hart, 2001; Werneke & Hart, 2005;
Werneke et al., 2009). These considerations show that NRDP is a more complex
condition, with greater severity and poorer responsiveness compared to non-specific
LBP.
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Ten panellists (62.5%) reached consensus on the need for treatment to consider the
different contributing factors associated with LBP. This finding was not surprising
given that the biopsychosocial model of illness has been recommended to manage LBP
(Weiner, 2008). Given the multi-dimensionality of LBP, it has been suggested that
treatments that only target one dimension are unlikely to be effective (Jull & Moore,
2010). An individualised multi-modal approach also aligns with the common practice of
clinicians in the treatment of LBP (Gracey, McDonough, & Baxter, 2002; Jull & Moore,
2010; Liddle et al., 2009).
Several international guidelines recommend the use of medication for LBP (Koes et al.,
2010; Oliveira et al., 2018). The time-contingent use of paracetamol used to be
recommended as the first choice of medication due to the lower incidence of
gastrointestinal side effects (Koes et al., 2010). However, a recent systematic review
identified a lack of evidence around simple analgesia as a stand-alone intervention
(Abdel Shaheed et al., 2014). As such, the updated review of the international
guidelines found a reduction in the number of guidelines recommending paracetamol
(Oliveira et al., 2018). In this current study, eight participants (50%) agreed that simple
analgesia medications were beneficial for people with NRDP. Four (25%) of the
panellists also ranked NSAID use as an effective treatment strategy. This is consistent
with the older international guidelines recommending NSAIDs as a second choice in
medication when paracetamol is not sufficient (Koes et al., 2010). The use of NSAIDs
is further supported by a recent systematic review demonstrating the immediate
analgesic effect of NSAIDs on pain in people with LBP (Abdel Shaheed et al., 2014).
Although not identified by the panellists, other pharmacological interventions, such as
antibiotics, may also be useful to treat NRDP.
Time as a treatment strategy for NRDP reached consensus levels among 56% of the
panellists. The primary justification provided was that time allowed a ‘greater period for
pathology to settle, for healing to occur and scar tissue to develop’. Chapter 2 discussed
the avascular nature of the IVD and how it depends on the diffusion of metabolites from
the outer annulus and vertebral endplates for nutrition (Urban et al., 1978; Urban et al.,
1977; Urban et al., 2004). The slow supply of nutrients to the disc could lead to the
lengthy healing process observed within the IVD (Adams et al., 2010).
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4.5.1

Limitations

The limitations of this study were previously discussed in Chapter 3. They included a
non-response rate (53%) to the initial email invitation, a drop off rate of five panellists
and potential researcher bias. Section 3.5.1 explained why each limitation would not
have a substantial effect on the findings.
4.6 Conclusions
This chapter evaluated various treatment options for NRDP. While these treatments
may not be truly specific to this subgroup, given the limited research on NRDP, they
nonetheless demonstrated plausible mechanisms of action for the management of
NRDP. The non-invasive options included exercise therapy, functional restoration and
pharmacological management. A panel of physiotherapists with expertise in LBP was
surveyed and identified a range of treatment strategies for NRDP. Education and advice
on a range of subjects reached consensus. The panellists also identified functional
restoration, exercise therapy and analgesic medication as treatment options for the
management of NRDP. The panellists’ findings converged with and strengthened
existing evidence on the treatments for NRDP. Given the slower healing and poorer
outcomes in people with NRDP compared to those with non-specific LBP, a more
individualised and targeted treatment may be required. Therefore, a modified functional
restoration program that incorporates exercise therapy, pharmacological management,
and education and advice may be more effective for people with NRDP than a standard
functional restoration program or a single treatment modality.
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CHAPTER 5: DEVELOPMENT OF AN INDIVIDUALISED FUNCTIONAL
RESTORATION TREATMENT PROTOCOL
The previous chapter suggested that a modified functional restoration program
incorporating the treatment strategies identified by international physiotherapists with
expertise in LBP might provide a more targeted and effective treatment for people with
NRDP. Such a program is referred to in this thesis as Individualised Functional
Restoration (IFR), as opposed to a generic standard FR for people with non-specific
LBP.
Due to its ability to minimise bias, an RCT is considered the gold standard to evaluate
the effectiveness of an IFR program conducted by a physiotherapist (Moher et al.,
2010). However, inadequate reporting can lead to biased estimates of treatment effects
and mislead decision-making regarding treatment implementation or trial replication
(Juni, Altman, & Egger, 2001; Moher et al., 2010; Schulz, Chalmers, Hayes, & Altman,
1995). One method to improve the quality of reporting is to develop a treatment
protocol (Moher et al., 2010). This chapter outlines and justifies the components of a
treatment protocol used for the RCT discussed in Chapter 6. Appendix A presents the
published version of this treatment protocol (Ford et al., 2012).
The current treatment protocol and the RCT presented in Chapter 6 were part of a more
extensive LBP study called the Specific Treatment of Problems of the Spine (STOPS)
trial. The STOPS trial was established from five smaller trials, which investigated the
effectiveness of treatments individualised to five different LBP subgroups, with NRDP
being one of the subgroup trials. The following chapter explains the relationship
between the smaller subgroup trial design and the broader STOPS trial.
5.1 Introduction
Designing a protocol is a challenging task. While there needs to be enough flexibility to
allow for the individualisation of treatment, it must also be sufficiently standardised to
allow for replication in other settings (Boutron, Moher, Altman, Schulz, & Ravaud,
2008; Delitto, 2005). Stringent standardisation is recommended in trials that aim to
determine the effectiveness of an intervention. However, excessive rigidity can lead to
the provision of treatment that is not ideally matched to the participant’s clinical
presentation. Rigid protocols also fail to account for the multi-modal approaches and
nuances in the clinical reasoning used by physiotherapists in clinical practice (Delitto,
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2005; Jull & Moore, 2010). A single modality approach to the treatment of NRDP is
unlikely to be effective due to its inability to address the diverse aspects of the multidimensional condition (Jull & Moore, 2010). Therefore, a protocol must account for the
interactions between treatment components within a complex multi-modal intervention,
such as an IFR program (Campbell et al., 2000; Craig et al., 2013).
A recent review and guidelines supported by the Cochrane Collaboration recommended
that when developing a treatment protocol, the treatment components should be selected
and justified based on a range of existing research (Ford & Hahne, 2013a; Helmhout et
al., 2008; Higgins & Green, 2006). Published protocols have adhered to these
recommendations using a combination of research methods (Dorey, Glazener, Buckley,
Cochran, & Moore, 2009; Dziedzic, Stevenson, Thomas, Sim, & Hay, 2009; Hansen,
Daykin, & Lamb, 2010; Molsberger, Mau, Gotthardt, Schneider, & Drabik, 2004;
Williamson, Williams, Hansen, Joseph, & Lamb, 2009). Such methods have included
literature reviews, expert opinion, observational studies, mechanisms of effect and
consideration of existing clinical practice. The current multi-modal IFR treatment
protocol utilised evidence from a variety of sources, including evidence from expert
physiotherapists surveyed on the treatments for NRDP (Chapter 4), a review of the
existing literature on the effectiveness of functional restoration (Section 4.1.10),
existing clinical practice (Ford & Bennell, 2000; Hahne & Ford, 2006; Saal & Saal,
1989) and the pathoanatomical mechanisms involved in NRDP (Section 2.6 and 2.8).
5.2 Overview of the individualised functional restoration protocol
The treatment protocol for the IFR program was modelled on an existing functional
restoration protocol initially developed by a musculoskeletal physiotherapist with over
20 years of clinical experience (Ford & Bennell, 2000). For the proposed RCT, an
updated draft IFR protocol was developed and presented to 13 private practice
physiotherapists with an interest in LBP during a one-day workshop. The
physiotherapists had between 0.5 and 12 years of clinical experience. Physiotherapists
of varied levels of experience were chosen to mimic the experience levels found in
clinical practice and enable various perspectives from different therapists. Input from
the physiotherapists allowed for the refinement of the protocols, which have been
subsequently published (Appendix A) (Ford et al., 2012).
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The protocol allowed for 10 sessions of physiotherapy over a 10-week period, with each
session lasting 30 minutes. The participants attended twice a week for the first fortnight,
and then weekly for the next 4 weeks. The sessions were then reduced to fortnightly for
the final two sessions. The sessions were structured so that the majority were completed
within the first half of the program. This arrangement allowed for the physiotherapist to
provide the participants with sufficient information on the key messages of the program,
manage and monitor the presence of inflammation, and deliver adequate feedback
regarding exercise performance. It was anticipated that the participants would become
increasingly independent with their rehabilitation and thus require less intensive
physiotherapy in the latter stages of the program.
The importance of facilitating patient empowerment has been widely researched
(Cooper, Smith, & Hancock, 2008; Slade, Molloy, & Keating, 2009b; Sokunbi, Cross,
Watt, & Moore, 2010). The use of patient empowerment as a treatment strategy for
NRDP achieved a level of consensus among the expert physiotherapists, further
supporting its importance. As the IFR program was developed to be 10 weeks in
duration, it was important for the participants to achieve a level of independence so that
they could continue to manage their condition after completing the program.
Independence was considered vital given that the IVD takes more time to heal (Adams
et al., 2010) and that expert physiotherapists have identified time as a treatment strategy
to manage NRDP. A treatment approach, such as the IFR program, where the
participant plays an active role in their rehabilitation empowers the patient and helps
facilitate their independence (Sokunbi et al., 2010). This contrasts with passive
treatment modalities, such as electrotherapy or massage, which place the responsibility
with the therapist to ‘fix’ the problem (Blyth, March, Nicholas, & Cousins, 2005).
As the standard functional restoration is intended for people with non-specific LBP, a
modified program that is more individualised and targeted may provide greater benefits
for people with NRDP. The proposed IFR program was designed to incorporate the
existing evidence and included the expert panel results from the previous chapter. The
program specifically targeted the pathoanatomical mechanisms underpinning NRDP
described in Chapter 2 and addressed the individualised barriers. Specific motor control
retraining using low load exercises was taught before progressing to high loads, as
dictated by the participant goals. If inflammation was present, targeted strategies were
also included to manage it, given the proposed inflammatory mechanisms in NRDP
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(Section 2.8). Specific pathoanatomical education, taping and postural education were
also provided.
A structured treatment protocol was required to standardise the quality of the treatment
provided and allow for reproducibility. In the real world, clinicians rarely treat two
patients with identical single modality treatments (Jull & Moore, 2010). However, with
such a wide array of treatment options available, it is difficult for clinicians to make
appropriate decisions about treatment selection. A treatment protocol that balances
structure with flexibility was therefore required. Mandatory and optional treatment
components were chosen to achieve this balance. Mandatory components were given to
every participant, whereas optional components needed the practitioner to use
appropriate clinical reasoning to justify their treatment choices based on the individual
barriers to recovery. A 120-page manual that incorporated clinical decision-making
flowcharts and algorithms was developed to assist the practitioners with the appropriate
use and timing of each treatment component.
5.3 Mandatory treatment components
5.3.1

Pathoanatomical information

The majority (88.3%) of primary care clinicians in Australia label non-specific LBP
using pathoanatomical subgroups (Kent & Keating, 2005a). Moreover, qualitative
studies have shown that patients desire this type of information from healthcare
providers (Liddle, Baxter, & Gracey, 2007; Ong, Konstantinou, Corbett, & Hay, 2011;
Underwood, Harding, & Klaber Moffett, 2006; Verbeek, Sengers, Riemens, &
Haafkens, 2004). Given the disc’s role in load bearing and movement, and that it takes
more time to heal, an understanding of pathoanatomy can inform management
strategies, such as posture and pacing (Chapter 2). It is unsurprising that 92% of
physiotherapists who treat people with LBP provide information regarding the physical
cause of the pain (Poitras, Blais, Swaine, & Rossignol, 2005). However, many current
clinical practice guidelines for LBP discourage patients from receiving a
pathoanatomical diagnosis (Hancock, Maher, Laslett, Hay, & Koes, 2011; Koes, van
Tudler, Ostelo, Burton, & Waddell, 2001). According to the guidelines, providing
pathoanatomical information may be counterproductive by reinforcing excessive
somatic focus (Deyo, Mirza, Turner, & Martin, 2009; Fourney et al., 2011; Nicholas &
George, 2011). Studies have not found evidence of adverse outcomes when patients are
provided with a pathoanatomical diagnosis (Ash et al., 2008; Kleinstuck, Dvorak, &
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Mannion, 2006). While education regarding pathology did not reach the a priori
consensus level, seven panellists agreed that it was an effective treatment for NRDP.
Advice regarding pain mechanisms, however, did reach consensus among the panellists.
As such, the participants were provided a participant information sheet with advice
regarding the nature and management of their condition. This included an explanation
of the pathoanatomy and prognosis of NRDP.
5.3.2

Treatment options

The various treatments commonly used to manage NRDP were discussed with the
participants. This information allowed the physiotherapist to compare and contrast the
rationale behind the IFR program with other treatment options. The hypothesised
mechanisms by which IFR has a therapeutic effect for NRDP (Section 4.1.10) were also
discussed.
5.3.3

Program timeframes education

A participant information sheet outlining the timeframes of the IFR program was vital
for patient compliance during and after the program. Given that the IVD takes more
time to heal (Section 2.5) and the consensus on advice regarding expectations and time
(Chapter 4), an explanation of the timeframes set appropriate expectations regarding
recovery for the participants, which included continuing the rehabilitation program for a
minimum of 6 months.
5.3.4

Posture management and taping

A recent study reported that adults with sedentary jobs sat an average of 597 minutes
(10 hours) during a 24-hour period (McCrady & Levine, 2009). Prolonged sitting has
been suggested to reduce lumbar lordosis and increase muscle activity, ischial and
intradiscal pressures (Claus, Hides, Moseley, & Hodges, 2008; Makhsous et al., 2009).
Sustained flexion during sitting has been shown to cause nuclear migration within the
IVD (McKenzie, 1979). These factors may cause disc degeneration or herniation, and
potentially lead to LBP (Claus et al., 2008; Makhsous et al., 2009). Therefore, the
participants were advised to maintain static and dynamic postures that minimised the
load on the IVD, and were prompted by the physiotherapist during the exercises.
In the first 3-4 weeks of the program, rigid strapping tape was applied to the lower back
of the participants as a postural reminder. The taping procedure involved the application
of a protective skin solution, followed by three strips of hypoallergenic tape, and was
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finished with a layer of rigid tape (Appendix G). Although this protocol aimed to
minimise the chance of skin irritation, the participants were advised to remove the tape
if they noticed any signs of itching or irritation. If no irritation was perceived, the
participant remained taped for 2-3 days. As the tape was waterproof, the participants
were still able to shower with the tape on. The physiotherapists reviewed the skin of all
of the participants before re-applying new tape to ensure that no skin damage or
irritation had occurred. The tape was not reapplied to damaged skin.
5.3.5

Specific motor control training

While motor control training did not reach consensus in the expert panel, several
panellists identified it as a potential treatment strategy for NRDP. Furthermore,
sufficient evidence existed (Section 4.1.9) to justify the provision of specific motor
control training as a mandatory component of the IFR program. The full protocol for
delivering the specific motor control training was extensive. Figure 5.1 presents the key
elements, which are briefly discussed below.
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Establish classification of motor pattern
* Gross splinting
* Selective splinting
* Flaccid
* Non-specific

Starting position
* Assess in standing --> side lying as indicated
* Generally commence treating in side lying

Establish adequate relaxation
* Verbal and tactile cue "relax, let you tummy flop out". Provide
feedback until relaxation attained
* Consider change in starting position to unload
* Consider "breath in and out, now keep the tummy relaxed"
* Consider performing relaxation techniques

Instruct
"Slowly and gently draw your lower abdomen (tactile cue) up
and in towards your spine. What can you feel?"

Observe aiming for the desired response of:
* An isolated lower abdominal hollow
* A 2-3cm hollow approximately 3cm above the pubic
symphysis
* No substitution (EO, RA, IO, breath holding, lumbar
movement)

Palpate (medial to the ASIS) aiming for desired response of:
* < 30% MVC
* Soft tone (relaxed) to spongy (contracted)
* Slow and smooth increase in tone
* Co-contraction of multifidus
* No substitution (> 30% MVC indicated by from tone, jerky/
fast contraction, excessive tone of EO/IO/RA)

Feedback and facilitation
* Provide feedback to facilitate transversus abdominis control
* Use of pelvic floor as facilitation strategy
* Use of mulitifidus as a facilitation strategy
* Consider using a mirror in standing

Figure 5.1:

Key elements of retraining of specific motor control

Abbreviations: EO = External oblique; RA = Rectus abdominis; IO = Internal oblique;
ASIS = Anterior superior iliac spine; MVC = Maximal voluntary contraction
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The participants were initially taught specific motor control exercises, which involved
gentle contractions of the pelvic floor, lower abdomen and deep para-spinal muscles in
the positions of side-lying, 4-point-kneeling and standing (Hides et al., 2010; Hides,
Jull, & Richardson, 2001; O'Sullivan, Phyty, Twomey, & Allison, 1997). The
participants were encouraged to maintain a neutral spine throughout the retraining
process as evidence has suggested that this position increases local muscle activity
(O'Sullivan et al., 2006; Reeve & Dilley, 2009).
The physiotherapists provided the participants with various activation instructions to
facilitate the contraction of the local muscles. The instructions included the phrase
‘slowly and gently draw your lower stomach up and in towards your spine’. This
drawing in manoeuvre of the lower abdominal wall has been shown to preferentially
activate the transversus abdominis (Hides et al., 2006; Urquhart, Hodges, Allen, &
Story, 2005). The participants were also encouraged to maintain respiration during the
activation of the local muscles (Tsao & Hodges, 2007). Co-contraction of the local
muscles was taught as they typically work together as an integrated system to provide
spinal control (Richardson et al., 2004).
When adequate recruitment of the local muscles was achieved, the participants were
asked to sustain a contraction for 5 seconds, with five successive repetitions. The
participants were asked to complete this routine at home four times per day. The dosage
was gradually increased to 10 repetitions of 10 seconds. These dosages were based on
the recommendations from other researchers (Hides et al., 2010; Richardson et al.,
2004; Tsao, Druitt, et al., 2010). When the participants could adequately recruit the
muscles at 10-second contractions for 10 repetitions while standing, the activation of the
local muscles progressed into walking and a functional exercise program.
5.3.6

Functional exercises

In the previous chapter, the expert panel reached consensus on general exercise to
increase function. The control and strength of the global muscles may be more
important than specific motor control training in the treatment of LBP (McGill, 2007;
van Dieen et al., 2003). Recent systematic reviews have failed to identify differences
between motor control exercises and other conservative treatments (Macedo et al.,
2016; Saragiotto, Maher, Yamato, Costa, Costa, et al., 2016; Saragiotto, Maher,
Yamato, Costa, Menezes Costa, et al., 2016). The poorly described protocols, trial
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heterogeneity and inadequate treatment integrity may have furthermore influenced the
review results. Irrespective of the findings, and as discussed in Section 4.1.9, a
substantial amount of research supports specific motor control training (Ferreira et al.,
2010; Hodges et al., 2013; Macedo et al., 2014; Tsao, Galea, et al., 2010; UnsgaardTondel et al., 2012). Moreover, various reviews have recommended specific motor
control training progress to more complex functional tasks, involving the global
muscles (Bystrom, Rasmussen-Barr, & Grooten, 2013; Standaert, Weinstein, &
Rumpeltes, 2008; Wang et al., 2012). This recommendation is further supported by an
editorial (Hodges, 2008) and books (Hodges et al., 2013; Richardson et al., 2004) on the
management of LBP.
The inclusion of functional exercises is essential for recovery on several levels. The
intermittent compressive loads during exercise and cyclic spinal movements may
stimulate the repair of the outer posterior annulus and longitudinal ligament (Adams et
al., 2010; Beattie, 2008). Although the optimal levels of movement or loading are
unknown (Adams et al., 2010), a recent study has suggested that fast walking or slow
running may cause positive adaptations in the IVD (Belavy et al., 2017). Long-term
daily exercise (3 months) has also been shown to significantly increase the rates of
metabolite transport into the disc, possibly by remodelling the microcirculation at the
interface between the vertebral body and IVD (Holm & Nachemson, 1983). In contrast,
exercising twice a week provided no significant improvement compared to the control
group (Holm & Nachemson, 1983). Therefore, performing exercises more frequently
than twice a week was required to achieve adequate adaptation or training effect on the
structure of the disc (Holm & Nachemson, 1983).
As part of the IFR program, the participants were taught specific motor control before
progressing to functional exercises, which incorporated low to high loads. During the
functional exercises, the participants activated their local muscles when undertaking a
light circuit program at the physiotherapy clinic. The circuit exercises were similar to
those utilised in previous RCTs (Lindström et al., 1992; Pengel et al., 2007). Table 5.1
illustrates a sample of the initial exercise program with typical starting dosages and
expected progressions by the end of the 10-week program.
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Table 5.1: List of functional exercises and progressions used in the treatment
protocol

Exercise

Typical starting dosage

Typical exercise goal by
program end

Basic functional exercises
Treadmill walking

3 x 3 minutes at 3.0kph

3 x 5 minutes at 6.0kph

Step ups

3 x 10

3 x 25

Dumbbells: Bicep curls

3 x 10 with 2kg

3 x 10 with 5kg

Dumbbells: Forward raises

3 x 10 with 1kg

3 x 10 with 3kg

Dumbbells: Side raises

3 x 10 with 1kg

3 x 10 with 3kg

Advanced functional exercises
Lunges

3 x 10 with 2kg

3 x 10 with 3kg

Squats

3 x 10 with 2kg

3 x 10 with 3kg

Lifting a box from floor to

3 x 5 with 5kg

3 x 5 with 10kg

Erector spinae

3 x 5 (leg lifts)

3 x 5 (trunk lifts)

Abdominal crunches

3x5

3 x 15

waist height

Abbreviations: kph = kilometres per hour; kg = kilograms
The exercise program was completed within the 30-minute physiotherapy session. The
exercises were also performed at home between 3-5 days per week. To allow the
measurement of compliance, the participants maintained an exercise diary on the days
that they completed their home exercises (Appendix H). A recent systematic review
demonstrated that encouragement and supervision during exercise sessions was critical
in distinguishing successful from unsuccessful programs (Hayden, van Tulder, &
Tomlinson, 2005). Thus, it was considered essential to complete the exercises during
the session.
The exercise program was progressed using a graded activity approach. This approach
involved the identification of specific functional goals, development of exercises that
related to the goals, and planning of exercise progression in increments until the
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functional goals were achieved (George, Bialosky, & Fritz, 2004; Macedo, Smeets,
Maher, Latimer, & McAuley, 2010). Importantly, the increases in exercise within a
typical graded activity approach are time-contingent rather than pain-contingent
(Macedo et al., 2010). Given the severity, complexity and possible inflammatory nature
of NRDP, a time-contingent graded activity approach irrespective of pain response has
the potential to cause the participant’s pain and activity levels to worsen. An
unacceptable level of exacerbation may cause a participant to drop out. A recent
systematic review demonstrated that approximately 30% of participants undertaking a
graded activity treatment program in RCTs failed to complete the program (Macedo et
al., 2010). Therefore, the exercise progression was based upon sessional responses to
pain and activity, and predetermined goals (i.e. pain-contingent graded exercise
approach).
In the event of a genuine or perceived increase in symptoms, a decision-making
algorithm (Figure 5.2) was used to determine whether the increase was due to a
significant pathoanatomical based exacerbation. Specific questioning was used to assess
the factors contributing to the increase in pain. This may have included the exercise
program, other social or recreational factors, and fear avoidance beliefs. The issues
identified in this assessment were subsequently addressed.
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Participant reports current increase in
pain that has persisted for > 24 hours

No evidence of increase disability

Physiotherapist observes increased
disability (e.g. sitting or transfers)

Physiotherapist questioning regarding
cause of increase (exercise, activities
of daily living, medication change)

Physiotherapist questioning regarding
cause of increase (exercise, activities
of daily living, medication change)

No consistent cause for increased
pain on questioning

Consistent cause for increased pain
on questioning

Reassurance regarding no
exacerbation in condition, continue
with program

Reassess key subjective and
objective asterisks

ISQ

Worse
• Increase in pain sheet
• Review of posture/pacing info sheet
• Treatment ISQ / reduce
• Break from exercise if severe

Participant to be reviewed by medical
practitioner if objective deterioration
persisted beyond 1 week

Figure 5.2:

Decision-making algorithm for exacerbation of symptoms

Abbreviation: ISQ = In status quo

5.3.7

Goal setting

Goal setting strategies were used to promote the translation of an increased exercise
capacity to improvements in daily activity performance. They were also used to increase
the participants’ engagement and motivation with the program (Filoramo, 2007;
Sowden, Hatch, Gray, & Coombs, 2006). At the beginning of the program, the
participants were asked to identify at least four functional activities that presented them
with difficulties. SMART (Specific, Measurable, Attainable, Realistic and Timely)
goals were developed based on the functional activities identified by the participants
(Doran, 1981). The physiotherapist and participant then devised individual exercise
based goals to facilitate a return to the identified activities. The exercise and activitybased goals were regularly monitored and reviewed throughout the program.
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5.3.8

Pacing

Pacing is a pain management strategy that aims to spread activities evenly over a
specified period to minimise aggravation (Butler & Moseley, 2003). The participants
were provided with a pacing participant information sheet that demonstrated the
importance of achieving a balance between over-activity and under-activity. To achieve
this balance, the participants recorded the baseline level of all activities that aggravated
their symptoms. The participants were asked to maintain each activity at a level that
they could comfortably perform without increasing their symptoms. Once at a suitable
level, the participants slowly increased their activity level (graded activity).
5.3.9

Discharge information

The participants were provided with a discharge information sheet during the final
session of the program. This information provided the physiotherapist with an
opportunity to congratulate the participant for completing the IFR program. It also
allowed the physiotherapist to discuss longer-term goals with the participant. This
discussion endeavoured to reinforce adherence to the program and the required
timeframes required for optimal healing of the IVD (Section 5.3.3).
5.4 Optional treatment components
While the previous treatment components were mandatory for all participants, the
components presented below were only applied when indicated. Guidelines and
decision-making algorithms were outlined in the trial manual and guided the
physiotherapist in their selection of suitable optional treatment components.
5.4.1

Management of inflammation

Attempts were made in the early stages of the IFR program to identify and manage the
presence of inflammation in NDRP. To determine the presence of inflammation, various
methods were used, including a convergence of evidence from classic physiotherapy
textbooks (Maitland, Hengeveld, Banks, & English, 2005; McKenzie & May, 2003), an
interdisciplinary survey of clinicians (Walker & Williamson, 2009), evidence of various
clinical indicators of inflammation (Földes, Balint, Gaal, Buchanan, & Balint, 1992;
Grassi, De Angelis, Lamanna, & Cervini, 1998; Rudwaleit, Metter, Listing, Sieper, &
Braun, 2006), and the concepts relating to inflammation discussed in Chapter 2 and 3.
The participants were considered to be showing clinical evidence of inflammation if
they presented with at least two out of the three criteria (Table 5.2).
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Table 5.2: Criteria for the presence of inflammation

Criteria

•

Constant pain

•

Morning stiffness in the lumbar region lasting ≥60 minutes

•

Waking during the night due to pain and needing to get out of bed

The participants with at least two criteria were provided with a participant information
sheet informing them about the importance of controlling inflammation. The
physiotherapist also reviewed the participant’s use of anti-inflammatory medication. If
the participant was not taking any anti-inflammatory medication, the physiotherapist
would suggest that they consult their pharmacist for over-the-counter NSAIDs and
obtain information about the possible side effects (van Tulder, Scholten, Koes, & Deyo,
2000). The participants that were taking an ineffective NSAID were asked to consult
their medical practitioner regarding stronger prescription NSAIDs or corticosteroids. A
letter was provided to the medical practitioner outlining the rationale to review the
usage of anti-inflammatory medication.
Other strategies were also used to supplement the anti-inflammatory medication, and
formed the primary method to control the inflammation in participants who could not
take NSAIDs. This included taping to minimise aggravating postures (Ford et al., 2011),
posture education and a regular (2-4 times per day) pain-contingent walking program.
Walking was considered important as a gentle exercise that creates rhythmical
movement and mechanical loading of the spine and may assist in nutrient circulation
and the removal of inflammatory chemicals (Adams et al., 2010; Beattie, 2008;
Freemont, 2009; Hendrick et al., 2010; Holm & Nachemson, 1983).
5.4.2

Directional preference management

Chapter 2 presented a subgroup of people with LBP that positively responded to the
application of MLSs. This subgroup was termed RDP based on the pathoanatomical
response of displaced nuclear material ‘reducing’ back into its normal central position
following the application of MLSs. The direction in which an individual with RDP
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responds to the application of MLSs is known as their DP. The most common direction
is the lumbar extension (Donelson, 2008).
The primary differentiating feature between people with RDP and those with NRDP is
their response to MLSs: people with NRDP do not respond positively to MLSs. It is
biologically plausible, however, for an individual to be unresponsive to MLSs in the
presence of high levels of inflammatory chemicals around the IVD (Adams et al., 2010;
McKenzie & May, 2003). It is possible that a reduction in inflammation may allow for a
positive response to MLSs. While this has not yet been evaluated in NRDP, there is
evidence of a sample of participants who presented with disc herniation with associated
radiculopathy and who did not exhibit a DP at baseline assessment. Rather, this sample
developed a DP following an epidural steroid injection that reduced the inflammatory
chemicals around the disc (Donelson, 2011).
The participants who presented with inflammatory signs during the assessment or the
first treatment session and resolved the inflammation with appropriate management
(Section 5.4.2) were reassessed for their response to MLSs. Those who responded
positively to MLSs were provided with DP management according to the clinical
protocol for RDP (Ford et al., 2011). The DP management included repeated extension
movements (with or without lateral shift of the pelvis), lumbar taping and reinforcement
of the postural strategies (Section 5.3.4) (Ford et al., 2011; McKenzie & May, 2003;
Werneke, 2009; Werneke et al., 2011; Wetzel & Donelson, 2003).
5.4.3

Pain management strategies

Strategies to manage the participants’ daily symptoms were discussed and included the
self-application of ice or heat, relaxation techniques. The participants were also
encouraged to follow the advice of their medical practitioner and pharmacist to ensure
that adequate pain medication and relief were available.
5.4.4

Sleep strategies

Low back pain is associated with greater sleep disturbance, dissatisfaction and distress,
increased time to fall asleep, and reduced sleep duration and quality (Kelly, Blake,
Power, O'Keeffe, & Fullen, 2011). Sleep disturbance has been shown to negatively
affect general quality of life, daytime functioning, mood and pain (Kelly et al., 2011;
Marty et al., 2008). It could thus also negatively affect the clinical outcomes of people
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with LBP (Eadie et al., 2013). Therefore, the participants who reported disturbed sleep
were provided with an information sheet with strategies to improve their sleep routine
and habits. The information included the development of consistent sleep routines,
adoption of suitable body positioning, and the management of stress and anxiety before
sleep (McKenzie & May, 2003).
The reduction of pain has also been recommended to improve the sleep patterns of
people suffering from painful disorders (Onen, Onen, Courpron, & Dubray, 2005).
Sleep disturbance is a feature of inflammatory back pain (Braun & Inman, 2010). Given
the inflammatory mechanisms underpinning NRDP, it was considered necessary to
improve pain and sleep through the reduction of inflammation. The appropriate
management was therefore provided for participants who had inflammation (Section
5.4.1).
5.4.5

Management of increased pain

The participants who reported an increase in their usual level of symptoms were
provided with the management of increased pain participant information sheet. If their
general mobility and condition appeared to have deteriorated since their previous
treatment session, the participants were questioned regarding any potential causes, with
key objective signs (e.g. range of motion) reassessed. If there was no deterioration in
their reassessment, the participants were reassured that they were likely to be
experiencing a normal fluctuation in their symptoms, and the program was continued at
a manageable level. Self-management strategies were also reinforced (McKenzie &
May, 2003). However, if there was a deterioration in their reassessment, the
participant’s pain management strategies were reviewed and their exercises modified. If
the objective deterioration was significant, the participants were advised to take a 2-3
day break from their exercises. If the deterioration persisted beyond a week, the
participant was referred to their medical practitioner for review.
5.4.6

Relaxation strategies

Psychosocial factors often drive the perception of pain and the associated disability, and
can subsequently lead to a pain-stress cycle (Gatchel & Turk, 1996). The pain-stress
cycle occurs when the perception of pain produces psychosocial responses (e.g. stress,
anxiety and fear), which in turn can increase and prolong the pain perception (Theodore,
Kishino, & Gatchel, 2008). The participants with a high Örebro Musculoskeletal Pain
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Screening Questionnaire score, and in particular, a high anxiety and depression subset
score, were provided with a relaxation participant information sheet. Given the higher
levels of pain intensity and psychosocial issues in people with NRDP, it was considered
necessary to provide relaxation strategies. The participants were first introduced to the
pain-stress cycle before they were educated on various relaxation strategies, including
passive (e.g. watching a favourite TV show or reading a good book) and active
strategies (e.g. meditation). The participants were then guided through an active
breathing relaxation technique.
5.4.7

Management of work issues

Occupational factors could contribute to the cause and persistence of people with LBP
(Crook, Milner, Schultz, & Stringer, 2002; Sterud & Tynes, 2013). Furthermore, NRDP
has been shown to be a predictor for longer return to work outcomes (Heymans et al.,
2007). The physiotherapists provided advice to the participants who identified work
issues as causing them to be off work or unable to perform their full work duties. For
example, in situations where there was a physical work barrier, they suggested
modifications to the workplace or work tasks. Similarly, specific exercises were
incorporated into the participants’ functional exercises (Section 5.3.6) to target the
physical requirements of their particular occupation. In cases where unhelpful or
inaccurate beliefs prevented the participants from returning to work, such as a fear of
undertaking any work due to pain, cognitive restructuring techniques were used to
overcome these unhelpful beliefs (Harding & Williams, 1995; Main, Foster, &
Buchbinder, 2010). Finally, problem-solving skills were used in cases where there was a
conflict at work unrelated to the participant’s physical condition.
5.4.8

Pain versus function

A pain versus function participant information sheet was provided to the participants
who consistently displayed high levels of pain focus. The participants frustrated with
their slow or lack of symptomatic improvements were also provided with the participant
information sheet. The information sheet reinforced the information provided during the
initial session regarding the slow time that the IVD takes to heal (Adams et al., 2010)
and the expected timeframes for the rehabilitation process (Section 5.3.3). While it was
unrealistic for the participant to expect rapid improvements in pain, functional gains
were more likely to occur prior to any significant change in the symptoms (Butler &
Moseley, 2003).
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5.5 Electronic clinical notes
Electronic notes were developed using a Microsoft Word document to guide and
monitor the physiotherapists through the treatment protocols. The physiotherapists were
required to complete the notes for each session, using a combination of checkboxes for
treatment components completed, and space to document clinical findings and
observations. Mandatory components during each session were underlined to assist the
physiotherapists in treatment planning. The clinical notes were crucial to guide the less
experienced physiotherapists through the complex clinical reasoning processes.
Appendix I illustrates the electronic notes for the first day of treatment.

5.6 Conclusion
This chapter presented a detailed protocol outlining a physiotherapy-based IFR program
for people with NRDP. The key principles of a standard functional restoration (Section
4.1.10) were maintained, but several modifications were made based on the results of
the expert panel study (Chapter 4). Given the pathoanatomical and healing mechanisms
associated with NRDP (Section 2.5 and 2.6), it presented an IFR approach, focusing on
the pathoanatomical barriers to recovery. In developing a trial protocol, it was necessary
to have a balance between the standardisation of procedures and individualisation of
treatment. This balance was achieved by developing algorithms to guide the
physiotherapists in their clinical decision-making, and the use of mandatory and
optional components. This protocol was used in the RCT that is presented in the next
chapter.
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CHAPTER 6: INDIVIDUALISED PHYSIOTHERAPY FUNCTIONAL
RESTORATION PLUS GUIDELINE-BASED ADVICE VERSUS ADVICE
ALONE FOR NON-REDUCIBLE DISCOGENIC LOW BACK PAIN: A
RANDOMISED CONTROLLED TRIAL
6.1 Introduction
Chapter 2 presented the current literature on NRDP as a subgroup of LBP. Chapter 3
presented further evidence by identifying features of NRDP through an expert panel of
physiotherapists. The physiotherapists also identified treatment strategies that may be
effective in the management of NRDP. These strategies identified functional restoration
as a viable conservative treatment option for people with NRDP. Given the poorer
outcomes in people with NRDP, a modified functional restoration program that
incorporated other identified treatment strategies was proposed. An IFR program
protocol that targeted the pathoanatomical mechanisms underpinning NRDP was
subsequently developed. As a next step, the effectiveness of the IFR program in people
with NRDP will be evaluated. Randomised controlled trials that are well designed and
properly executed provide the most robust evidence on the effectiveness of healthcare
treatments due to their ability to minimise or avoid bias (Moher et al., 2010). This
chapter presents an RCT comparing a physiotherapy-based IFR program plus guidelinebased advice to advice alone for people with NRDP.
The comparison intervention should be justified in an RCT (Manchikanti, Hirsch, &
Smith, 2008; Mann & Djulbegovic, 2003). Most guidelines around the world
recommend the provision of advice for the management of LBP. Guideline-based
advice was thus chosen as the comparison treatment for this trial (Koes et al., 2010;
Oliveira et al., 2018). These recommendations are based on the evidence supporting the
effectiveness of advice compared to a range of other treatments (Cherkin, Deyo, Battie,
Street, & Barlow, 1998; Frost, Lamb, Doll, Carver, & Stewart-Brown, 2004; Hagen,
Eriksen, & Ursin, 2000; Indahl et al., 1995; Liddle, Gracey, & Baxter, 2007; Linton &
Andersson, 2000; Pengel et al., 2007; Storheim, Brox, Holm, Koller, & Bø, 2003). In
one of the earliest studies, Indahl and colleagues (1995) found that advice demonstrated
significantly better intermediate-term effects on sick leave compared to conventional
medical care (Indahl et al., 1995). The advice intervention included a pathoanatomicalbased explanation for the cause of the participant’s symptoms, an explanation to justify
continuing light activity rather than having bed rest, and a demonstration of lifting and
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relaxed walking. These findings were replicated in a later study evaluating the longterm effects (Hagen et al., 2000). Recent systematic reviews have supported advice to
remain active and promote active self-management (Dahm, Brurberg, Jamtvedt, &
Hagen, 2010; Liddle, Gracey, et al., 2007). Advice is commonly used in clinical
practice (Liddle et al., 2009), is cost-effective (Rivero-Arias, Gray, Frost, Lamb, &
Stewart-Brown, 2006) and relatively easier to implement compared to other treatment
approaches. Given the evidence supporting the use of advice for LBP, guideline-based
advice was used as a suitable comparison intervention for the RCT.
The aim of this RCT was to compare the effectiveness of a physiotherapy-based IFR
program plus guideline-based advice to advice alone for people with NRDP.
6.2 Methods
6.2.1

Design

The trial was prospectively registered with the Australian & New Zealand Clinical
Trials Registry as a multi-centre, parallel group RCT (ACTRN12609000412235).
Recruitment and treatment occurred concurrently with four other trials, each targeting a
different LBP subgroup. After registering this trial, a decision was made to merge all
five trials into a more extensive project known as the STOPS trial
(ACTRN12609000834257). The protocol for the STOPS trial has been previously
published (Hahne, Ford, Surkitt, et al., 2011). The STOPS trial investigated the
effectiveness of treatments individualised to five different subgroups of LBP, with
NRDP being one of the subgroups. The other subgroups were disc herniation with
associated radiculopathy, RDP, zygapophyseal joint dysfunction and multi-factorial
persistent pain. These other subgroups were investigated in other PhD theses and fall
outside the scope of this thesis. The results of the STOPS trial have been previously
published (Ford et al., 2015). This chapter reports the results obtained from the NRDP
subgroup trial, which has also been published (Chan et al., 2017) (Appendix A). Figure
6.1 illustrates the design of the trial.
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Enquiry about the trial by
volunteer

Preliminary telephone screen
conducted

Exclude ineligible
volunteers

Eligibility assessment completed
including baseline outcome
questionnaires

Exclude ineligible
volunteers

Informed consent by volunteer

Exclude nonconsenting volunteers

Enrolment
Randomisation

Physiotherapy advice
(2 sessions over 10 weeks)

IFR treatment
(10 sessions over 10 weeks)

Allocation

Follow-up measurements at 5
weeks after randomisation

Follow-up measurements at 5
weeks after randomisation

Mid treatment
follow-up

Follow-up measurements at 10
weeks after randomisation

Follow-up measurements at 10
weeks after randomisation

End treatment
follow-up

Follow-up measurements at 26
weeks after randomisation

Follow-up measurements at 26
weeks after randomisation

Post treatment
follow-up I

Follow-up measurements at 52
weeks after randomisation

Follow-up measurements at 52
weeks after randomisation

Post treatment
follow-up II

Figure 6.1:

Overview of the trial process

Abbreviation: IFR = Individualised functional restoration
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6.2.2

Ethics approval

The La Trobe University Human Ethics Committee granted ethics approval for this trial
(Faculty Human Research Ethics Committee approval number 09/77, Appendix J).
6.2.3

Recruitment

Volunteers were recruited between 1/6/2009 and 30/3/2012. A detailed marketing plan
was developed and reviewed on a monthly basis. The volunteers experiencing LBP
were invited to participate using a variety of recruitment sources, as detailed in Table
6.1.

129

Table 6.1: Methods and number of campaigns for participant recruitment
utilised for the trial

Recruitment method

Number of campaigns

Newspaper advertising
Leader newspapers
Geelong newspapers
Community announcements section
Herald Sun
The Age Green Guide (TV guide)
Mx
The Shoppers Guide
Council newsletter
Division of general practice newsletter

29
2
32
3
2
1
3
2
1

Posters / pile of flyers
Radiology clinics
Pharmacies
Gymnasiums
Libraries
University notice boards
Community notice boards
Other

90
137
13
18
736
6
1

Medical practitioner mail out
General medical practitioners
Rheumatologists
Neurologists
Sports physicians
Spinal surgeons

183
21
14
30
10

Medical practitioner visits
General medical practitioner meeting
Information left with practice manager
Flyers / posters placed in clinic
Spinal surgeon meeting

41
41
25
8

Public hospital presentations
Physiotherapy department

9 (71 physiotherapists)

Online advertising
Facebook page
Facebook advertisement
Gumtree website
Email chains sent

1
1
2
12

Radio advertising
Magic radio

2
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Examples of the different forms of advertising material can be found in the appendices:
newspaper advertisements (Appendix K), posters (Appendix L) and flyers (Appendix
M).
The volunteers were provided with several avenues to obtain further information
regarding the trial and apply for participation. These included a designated trial
telephone and facsimile line, a trial email account that was monitored daily, and a trial
website that was designed and developed by the Information Technology Department at
La Trobe University.
6.2.4

Participants

The volunteers who enquired about participating in the trial were initially screened for
eligibility by phone. A scripted protocol was used for the eligibility screening
(Appendix N).
The volunteers that were deemed eligible from the initial telephone screening were sent
a letter containing a participant information sheet that outlined the trial (Appendix O),
baseline questionnaires (Appendix P and Q) and an invitation to attend one of the
participating physiotherapy clinics for a physical assessment (Appendix R). The
assessment was necessary to evaluate the final inclusion and exclusion criteria, and
obtain baseline information of the participants enrolled in the trial. The inclusion and
exclusion criteria, along with the associated justifications, are listed in Tables 6.2 and
6.3, respectively.
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Table 6.2: Inclusion criteria for trial - participants needed to fulfil ALL of the
following criteria
Criterion

Justification

Aged between 18 and 65
(inclusive)

The lower age limit ensured that they could provide
informed consent to participate in the trial. The upper
age limit aimed to reduce the incidence of age-related
pathologies, such as spinal canal stenosis (Atlas et al.,
1996).

History of symptoms lasting The duration of the symptoms aimed to target the
between 6 weeks and 6
early persistent stage of NRDP. Definitions of
months
persistent LBP vary, but are typically considered to be
more than 6 weeks post-onset of symptoms and less
than 12 months (da C. Menezes Costa et al., 2012;
Macedo et al., 2010; National Institute for Health and
Clinical Excellence, 2009). Many participants with
LBP <6 weeks may naturally recover irrespective of
the treatment provided (Hayden et al., 2010; Pengel,
Maher, & Refshauge, 2002). The participants with
LBP >6 months have a poorer prognosis to improve
(Pengel et al., 2002). Early persistent participants were
thus sought, as treatment during this period may
prevent the transition from acute (<6 weeks) (van
Tulder, Becker, et al., 2006) to persistent LBP (>6
months) (Woods, Kishino, Haider, & Kay, 2000).
Free of back ± leg
symptoms for at least 4
weeks before the current
episode

This definition of current episode was used to
distinguish the participants presenting with a new
episode of back pain rather than a continuation of a
more persistent, but intermittent, episode (de Vet et
al., 2002).

Fluency in English (written
and verbal)

The participants, if allocated to the IFR group, were
required to complete the follow-up questionnaires to
understand the information given by the study
physiotherapists and participate in the exit interview.
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Table 6.3: Exclusion criteria for trial - participants were excluded if they fulfilled
ANY of the following criteria
Criterion

Justification

Subgroups of LBP other
than NRDP

This trial was part of the larger STOPS trial that
included other subgroups of LBP (Hahne, Ford,
Surkitt, et al., 2011). These subgroups were outside
the scope of this thesis.

Receiving current treatment
for any active cancer

Treatment for active cancer could interfere with the
participant’s ability to participate in the trial.

Injection into the lower
back up to 6 weeks prior to
enrolment

The therapeutic effects of some spinal injections have
been demonstrated up to 6 weeks following the
injection, and could influence the effectiveness of the
treatments in the trial (Armon, Argoff, Samuels, &
Backonja, 2007).

An active compensable
claim for their back injury

Compensation has been shown to have a negative
influence on prognosis due to various psychosocial
factors (Atlas et al., 2006), which fall outside the
scope of this thesis. Furthermore, people with a
compensable injury can access cost-free treatment
under the relevant compensable bodies (e.g. Transport
Accident Commission and WorkSafe).

Inability to walk safely

Walking was a key component of the IFR program.
The participants with walking difficulties (e.g. with a
foot drop) were at risk of tripping and deemed unsafe.

Pregnancy (or given birth
within the past 6 months)

Pregnancy or childbirth could potentially impair the
participant’s ability to undertake some exercises in the
IFR program and account for symptoms that were
unrelated to NRDP.

A low intensity of average
back pain intensity over the
previous 24 hours of less
than 2/10 on a 0-10
numerical rating scale

The trial included participants with baseline symptoms
of sufficient intensity to demonstrate change on key
outcome measures.

A low level of disability,
defined as being able to
perform the following at
baseline: sit >60 minutes,
walk >60 minutes, stand
>60 minutes and sleep
without disturbance at night

This criterion excluded participants with low severity
NRDP, who had limited opportunity to demonstrate
change on key outcome measures. The activities
chosen were based on four questions on the Oswestry
disability questionnaire (Fairbank & Pynsent, 2000)
and easily administered during the phone screening
(Appendix N).
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Participants who had
already completed more
than five sessions of
physiotherapy with any of
the physiotherapists prior to
enrolment

The physiotherapists were likely to have already used
many components of the trial’s treatment protocol on
their usual client caseload. Up to five sessions were
allowed to enable the physiotherapists to refer their
clients to the trial after initial contact.

Plans to undergo invasive
treatment (e.g. lumbar
injection or surgery) in the
10 weeks following
randomisation

This aimed to avoid co-interventions that may
confound the results. While involvement in the trial
did not prevent the participants from undertaking such
treatments, if required, those who had such procedures
scheduled were excluded.

Any history of lumbar spine
surgery

There is considerable research evaluating the
effectiveness of post-surgical rehabilitation programs
(Ostelo et al., 2009).

Other pathoanatomical
causes of their leg
symptoms (as assessed on
imaging)

These other causes include spondylolisthesis, osseous
or ligamentous stenosis, or spinal tumours. Leg
symptoms caused by these pathologies are considered
to have a poorer prognosis (Bejia, Younes, Zrour,
Touzi, & Bergaoui, 2004; Deyo, 2007) and were not
the subgroup of interest in this thesis.

Cauda equina syndrome
based on imaging, bladder
or bowel disturbances, or
progressive lower limb
muscular weakness

People with these symptoms are typically considered
to be candidates for surgery (Gibson & Waddell,
2007).

In addition to the criteria listed in Table 6.2 and 6.3, the participants were required to
present with LBP considered to be NRDP in origin. The criteria for NRDP was based
on the pathoanatomical mechanisms discussed in Chapter 2, and the clinical features of
discogenic pain and NRDP identified in Chapter 3. The participants were classified as
having NRDP if they presented with discogenic pain (Table 6.4), but were unresponsive
to MLSs on physical assessment. A minimal threshold of four of the nine features from
Table 6.4 was chosen. This arbitrary figure was selected as none of the discogenic
features individually could be considered to be diagnostic, and pilot testing did not find
any participants presenting with all nine features (Ford et al., 2011). This relatively low
threshold aimed to find a balance between the inclusion of participants with possible
discogenic pain and the exclusion of those without discogenic pain. It also allowed for
post-hoc analyses of participants presenting with a higher number of discogenic
features. The use of a composite test has also been used and found to increase the
likelihood to differentiate between symptomatic and asymptomatic sacroiliac joints
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(Laslett, Aprill, McDonald, & Young, 2005; Laslett, Young, Aprill, & McDonald,
2003). A similar approach was thus considered appropriate for the present study.
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Table 6.4: Features of discogenic low back pain
Discogenic features

Rationale

1.

Back pain ± leg symptoms

2.

Sitting limited to at least 60
minutes

3.

Forward bending at least
somewhat difficult

4.

Lifting at least somewhat
difficult

5.

Sit to stand at least
somewhat difficult

6.

Coughing or sneezing at
least somewhat difficult

7.

Symptoms much worse the
next morning or day

8.

History of working in a
manual job

9.

Incident associated with
flexion/rotation and/or
compression loading

Discogenic problems can lead to somatic lumbar
and/or leg symptoms (Young, Aprill, & Laslett,
2003; Zhou & Abdi, 2006).
Evidence of increased intradiscal pressure
(Nachemson, 1981; Wilke, Neef, Caimi,
Hoogland, & Claes, 1999) and posterior migration
of the nucleus pulposis (Alexander et al., 2007)
during sitting. Expert panel (Chapter 3) and multidisciplinary survey (Kent & Keating, 2005a)
provided evidence of validity.
Increased intradiscal and intra-abdominal pressure
(Nachemson, 1981; Wilke et al., 1999). Expert
panel (Chapter 3) and multi-disciplinary survey
(Kent & Keating, 2005a) provided evidence of
validity.
Increased intradiscal and intra-abdominal pressure
(Nachemson, 1981; Wilke et al., 1999). Expert
panel (Chapter 3) and multi-disciplinary survey
(Kent & Keating, 2005a) provided evidence of
validity.
Lumbar spine curve reversal from flexion to
extension can result in pain and stiffness (Young
et al., 2003). Expert panel provided evidence of
validity (Chapter 3).
Increased intradiscal and intra-abdominal pressure
(Nachemson, 1981; Wilke et al., 1999). Expert
panel (Chapter 3) and multi-disciplinary survey
(Kent & Keating, 2005a) provided evidence of
validity.
After prolonged periods of recumbence, an
increase in hydrostatic pressure within the nucleus
pulposis (Adams et al., 1987; Adams, Dolan,
Hutton, & Porter, 1990; Wilke et al., 1999) may
cause increased symptoms the day following
injury. Expert panel provided evidence of validity
(Chapter 3).
Heavy lifting may initiate processes of annular
fissuring that predispose the disc to become
symptomatic (Bogduk, 2005). Expert panel
provided evidence of validity (Chapter 3).
Such loading provides maximal stress on the disc
(Adams & Hutton, 1985b; Bogduk, 2005). Expert
panel provided evidence of validity (Chapter 3).
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Due to the complexity of the decisions required to determine eligibility for the trial, a
Microsoft Excel spreadsheet was used to consistently assess whether a volunteer was
1

eligible after all relevant physical assessment and questionnaire data had been entered.
To ensure no errors had been made, the primary researcher manually checked the
spreadsheet before enrolling each volunteer.
The volunteers deemed eligible to participate were provided with a detailed verbal
explanation of the trial. Additional questions regarding the trial were also answered.
The volunteers who agreed to participate completed a consent form (Appendix S).
Once consent was given, the volunteers completed a registration form to obtain relevant
demographic information and contact details (Appendix T). They also completed the
baseline outcome measures. The contact details of two people, including at least one
contact that lived separately to the participant, allowed for communication to be made
in the event of changes to the participant’s address. Obtaining these details also
attempted to minimise the loss of follow-up outcome measures (Robinson, Dennison,
Wayman, Pronovost, & Needham, 2007) (Section 6.2.10).
After completing the consent form, registration form and baseline questionnaires, an
administrative assistant was contacted to assign the volunteer’s group.
6.2.5

Randomisation and allocation

A researcher (NT) developed the randomisation schedule prior to the recruitment of the
first participant. The researcher did not have any contact with participants at any stage
of the study. Using an internet-based randomisation program
(http://www.randomization.com), block randomisation with random block sizes of two,
four and six were derived (Altman & Bland, 1999) (Dallal, 2008). The sequences were
transferred to a computer spreadsheet. Separate randomisation schedules were prepared
for each participating physiotherapy clinic and subgroup. The NRDP participants had a
designated randomisation schedule spreadsheet.
An administrative assistant, situated at a location separate from all of the physiotherapy
clinics, allocated the participants based on the randomisation schedule. After enrolment,

1

Microsoft Corporation, One Microsoft Way, Redmond, WA 98052-6399
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the primary researcher contacted the administrative assistant via email or telephone to
provide the participant’s name and the physiotherapy clinic where treatment would be
conducted. These details were then entered into the spreadsheet to obtain the treatment
group allocation. The physiotherapist was informed of the group allocation and
participant identification number via email.
6.2.6

Interventions

Physiotherapy clinics
The treatment provided was undertaken at clinics operated by Spinal Management
Clinics of Victoria, a network of physiotherapy clinics located in Victoria, Australia.
The clinics primarily provide rehabilitation for musculoskeletal conditions. The
physiotherapists from the Spinal Management Clinics were chosen as participating
clinics. The study physiotherapists waived the costs associated with the provision of
treatment and the participants did not incur any treatment costs. The manager of each
participating clinic provided approval letters to permit the treatment of trial participants
at their clinic (Appendix U).
Study physiotherapists
The physiotherapists practising at Spinal Management Clinics of Victoria were invited
to participate in the trial. The physiotherapists who agreed to participate were required
to provide free treatment to the eligible participants. Prior to the commencement of the
trial, an information session was convened for the physiotherapists to discuss the trial
background, aims and methodologies. It also provided a forum to address any queries or
concerns regarding the trial. The participating physiotherapists were required to attend
16 hours of training to ensure the standardisation of protocols across all of the
participating clinics and physiotherapists (Section 6.2.6). The physiotherapists also
received a detailed protocol manual.
Blinding
The blinding of the participants to their group allocation was not possible due to the
nature of the interventions. However, the participants were informed that both
treatments were valid interventions and that neither approach was known to be more
effective than the other. The physiotherapist reinforced this during the explanation of
the trial before enrolment and at randomisation.
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Blinding of the study physiotherapists to the group allocation of the participants was
also not possible. However, the physiotherapists were instructed to treat the participants
in both groups with the same degree of enthusiasm, optimism and attentiveness
(Paterson & Dieppe, 2005; Turner, Deyo, Loeser, Von Korff, & Fordyce, 1994).
Although blinding was not possible, the influence of the study physiotherapists on the
way that the participants completed the questionnaires was minimised by using blinded
scoring and blinded data entry of self-administered outcome measures (Colditz, Miller,
& Mosteller, 1989; Juni et al., 2001; Schulz et al., 1995; van Tulder, Furlan,
Bombardier, & Bouter, 2003; Wood et al., 2008).
Guideline-based advice group
The participants in the advice group attended two 30-minute physiotherapy sessions,
with the first session held shortly after randomisation. Two information sheets were
given to the participants at the initial session. The information sheets provided an
explanation of the pathoanatomical model of the participant’s pain and contained
information about prognosis, advice to remain active and instructions regarding lifting
techniques (Table 6.5). The information was conveyed verbally and with the use of
practical demonstrations. This advice followed the protocol, which was previously
shown to be effective in a clinical trial of LBP (Indahl et al., 1995). The Australian Low
Back Pain Guideline has furthermore recommended this protocol (Australian Acute
Musculoskeletal Pain Guidelines Group, 2003).
The second physiotherapy session was a review appointment, scheduled approximately
5 weeks after randomisation. The purpose of this session was to reinforce the
instructions covered during the first appointment and to answer any additional questions
that the participant may have.
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Table 6.5: Content of the advice intervention

Pathoanatomical advice
The participants were educated regarding the anatomy of the lumbar IVD and the
pathoanatomy of NRDP. They were also informed of the evidence showing that
the majority of people with LBP improve over time (Dunn & Croft, 2004; Indahl
et al., 1995).
Activity
The participants were assured that light activity would not further injure the disc
or any other structure that could be involved in their pain. The participants were
instructed to mobilise their spine through light activity such as walking to
enhance the repair process and encouraged to set their own goals. Specific goal
setting with the physiotherapist was not covered.
Walking
The participants were encouraged to move freely, with a demonstration and
practice of relaxed walking performed.
Address incorrect beliefs
The physiotherapists enquired about and addressed any misconceptions that the
participants may have had about back pain. Efforts were made to alleviate the
participant’s fear about their symptoms and to prevent the development of
sickness behaviour. The participants were informed that excessive muscle tension
could increase their symptoms and add to the problem.
Acute pain management
The participants were instructed to treat acute attacks of back pain as acute
muscle spasm and to manage it with stretching and light activity.
Static posture
The participants were discouraged from undertaking activities that involved
prolonged static work for the back muscles.
Lifting
Discussion, demonstration and practice of correct lifting technique were covered.
The participants were instructed to avoid twisting with bending, to use the thighs
with a straight back for heavy objects and to use the back at other times when not
lifting. The participants were also reassured not to be afraid to lift.

Individualised functional restoration group
The participants in this group attended 10 physiotherapy sessions, lasting 30 minutes
each, over a 10-week period. They were provided with the same advice given to the
control group. However, the participants were also provided with individualised
treatment that addressed the pathoanatomical mechanisms of NRDP and the barriers
specific to their recovery. This method of using individualised treatment techniques
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based on pathoanatomical and hypothesised causal mechanisms has been commonly
used by physiotherapists in clinical practice and provides direction regarding treatment
application (Ford & Hahne, 2013b). The primary treatment was a functional restoration
program modified for the presence of IVD pathology. Motor control training that
targeted the deep local muscles around the lumbar spine was initially performed in nonweight bearing positions. It was then progressed into more functional positions and
exercises relevant to each participant’s work and daily activities (Ford et al., 2012). The
provision of several treatment components, including pacing, strategies to control
inflammation and taping of the lumbar spine sought to target the pathoanatomical
mechanisms underpinning NRDP. A range of optional treatment strategies was also
provided, depending on any identified pathoanatomical, psychosocial or
neurophysiological barriers to recovery. The specific treatment protocol and associated
justifications were previously described in Chapters 4 and 5.
Both groups
The participants in both groups were free to consult their general medical practitioner or
medical specialist throughout the trial. The treating medical practitioners were able to
prescribe any medication that they felt was appropriate.
The participants in both groups who missed a scheduled physiotherapy appointment
were followed up according to a standard protocol (Appendix V).
Standardisation of protocols
Several strategies were implemented to ensure that the treatments for both groups were
delivered as intended. Firstly, a 120-page manual was developed, which included the
protocols for all key clinical decisions in treating participants in the trial. The
physiotherapists were required to read the manual before attending the training sessions
described in Section 6.2.6. The training ensured that every physiotherapist fully
understood the protocols for each clinical decision and that the treatments would be
standardised at a high-quality level.

141

Standardised electronic clinical notes were developed using Microsoft Word to
2

maintain the integrity of the treatments provided by the physiotherapists. As described
in Section 5.6, checkboxes and space for detailed descriptions of clinical findings were
used to guide the physiotherapists in the treatments provided for each session
(Appendix I). The primary researcher reviewed the clinical notes 4 and 7 weeks after
commencing the treatment. This review process provided an opportunity to monitor the
treatment integrity and clinical quality (Southam-Gerow & McLeod, 2013), and allowed
feedback to be given to the treating physiotherapist, thus maintaining high-quality
treatment. In addition to the clinical notes review, the physiotherapists were required to
attend a monthly case review for 1 hour to discuss adherence to the protocols and
clinical issues relating to treatment implementation.
6.2.7

Outcome assessment

Outcome measures were assessed via self-administered questionnaires posted to the
participants before randomisation (Appendix P) and at each subsequent follow-up time
point (5 weeks, 10 weeks, 6 months and 1 year after randomisation) (Appendix W). The
participants were asked to complete and return the questionnaires using a reply paid
envelope. The primary researcher contacted the participants who did not return
questionnaires within a week. The participants were offered a $20 gift voucher as an
incentive to return the questionnaires, with the vouchers posted upon receipt of the
completed questionnaires. If contact was not made within 2 weeks, an attempt was
made to reach one of the alternative contact persons designated by the participant.
Specific outcome measures
All questionnaires were collated into an outcome measure booklet (Appendix W). Table
6.6 lists a summary of the specific outcome measures and measurement time points.

2

Microsoft Corporation, One Microsoft Way, Redmond, WA 98052-6399
142

Table 6.6: Primary and secondary outcome measures used
Outcome measure

Primary outcome measures
1. Numerical rating scale for back pain
intensity (0-10 scale)
2. Numerical rating scale for leg pain
intensity (0-10 scale)
3. Oswestry Disability Index V2.1
Secondary outcome measures
1. Sciatica frequency scale
2. Sciatica bothersomeness scale
3. Quality of life (EuroQol-5D)
4. Orebro musculoskeletal pain
questionnaire
5. Interference with work or housework in
the past week (5-point Likert scale)
6. Number of work days missed in the last
30 days
7. Global rating of change scale (7-point
Likert scale)
8. Satisfaction with physiotherapy care (5point Likert scale)
9. Satisfaction with results of physiotherapy
care (5-point Likert scale)
10. Satisfaction with the prospect of enduring
current symptoms for rest of life (5-point
Likert scale)

Follow-up (weeks post
randomisation)
0

5

10

26

52

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
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

x

Primary outcome measures
Pain intensity was measured on an 11-point numerical rating scale (NRS). The
participants were asked to separately rate their average intensity of back pain and leg
pain over the past week on a 0-10 scale (Ostelo & de Vet, 2005; Pengel et al., 2007).
The NRS was easy to administer and score and has been shown to be valid (Bijur,
Latimer, & Gallagher, 2003; Von Korff, Jensen, & Karoly, 2000; Williamson &
Hoggart, 2005) and have good reliability (Ferraz et al., 1990; Lundeberg et al., 2001).

A modified version of the Oswestry Disability Index was used to measure activity
limitation (Davidson, 2008; Fairbank & Pynsent, 2000). This 10-item self-administered
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questionnaire evaluated the effect of the participant’s LBP on their functional ability
during daily activities. Each item has six possible responses ranging from 0 to 5, with
the total score out of 50 converted into a percentage. The higher percentage scores
indicate a greater degree of activity limitation (Davidson, 2008; Fritz & Irrgang, 2001).
In the modified version, item seven relating to ‘Sex Life’ was replaced with
‘Work/Housework’. The Oswestry Disability Index has been shown to be a reliable,
valid and responsive instrument to measure activity limitation in people with LBP
(Davidson & Keating, 2002; Fritz & Irrgang, 2001; Roland & Fairbank, 2000).
Secondary outcome measures
Measures of global effect have been recommended for clinical trials (Dworkin et al.,
2005). Global rating of change was measured on a 7-point Likert scale. The participants
were asked to indicate any overall changes in their condition since the start of the trial
(Beurskens, de Vet, & Koke, 1996; Kamper, Maher, & Mackay, 2009; Ostelo & de Vet,
2005). The responses ranged from ‘completely recovered’ to ‘no change’ to ‘vastly
worsened’. This measure has been shown to be valid, reliable and responsive (Kamper
et al., 2009; Kamper et al., 2010) and has been used in trials for musculoskeletal
conditions, including LBP (Kamper, Machado, Herbert, Maher, & McAuley, 2008;
Luijsterburg et al., 2008).
In addition to measures of global effect, satisfaction with treatment has also been
recommended as a key outcome in back pain research (Bombardier, 2000). The
participants were asked to rate their level of satisfaction on a 5-point Likert scale,
ranging from 0 (‘very dissatisfied’) to 4 (‘very satisfied’). Three separate questions from
Deyo’s core outcomes questionnaire were used and related to the participant’s
physiotherapy treatment, treatment outcome and current status (Deyo et al., 1998b).
These questions have been shown to be valid and reliable (Ferrer et al., 2006).
Bombardier (2000) also recommended the assessment of the various dimensions of
work status, including time off work, current work status and reasons for time off work.
For the former, the participants recorded the number of work days that they had missed
due to their back pain over the previous 30 days (Bombardier, 2000; Deyo et al.,
1998a). The participants were also asked how their back condition interfered with their
normal work (employment or housework) using a 5-point Likert scale, ranging from
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‘not at all’ to ‘extremely’. These measures have been shown to be valid and reliable for
people with LBP (Deyo et al., 1998b; Ferrer et al., 2006).
Health-related quality of life was measured with the EuroQol-5D (EuroQol Group,
1990). This measure has two parts: a descriptive system and a 101-point vertical visual
analogue scale ranging from 0 (‘worst imaginable health state’) to 100 (‘best imaginable
health state’). The descriptive system consists of five items relating to the various
quality of life dimensions and is scored on a 3-point scale, consisting of ‘no problems’,
‘some problems’ and ‘severe problems’ (EuroQol Group, 1990; Rabin & de Charro,
2001). The EuroQol-5D is a valid and reliable quality of life measure (Brazier, Jones, &
Kind, 1993; Suarez‐Almazor, Kendall, Johnson, Skeith, & Vincent, 2000).

The Örebro Musculoskeletal Pain Questionnaire was used to assess the psychosocial
risk factors (Linton & Hallden, 1998; Linton & Boersma, 2003). It consists of 21
questions relating to known risk factors that predict a poorer future outcome in people
with musculoskeletal conditions (Linton & Hallden, 1998; Linton & Boersma, 2003).
Although this valid and reliable measure was originally developed to detect individuals
at risk of developing persistent pain at a particular point in time (Linton & Boersma,
2003; Maher & Grotle, 2009), the Örebro was administered at all follow-up time points
for this trial. Given the good test-retest reliability, it was considered appropriate to
monitor the change in psychosocial status over time (Grotle, Vollestad, & Brox, 2006;
Linton & Hallden, 1998).
In addition to these measures, the participants were asked about co-intervention and
medication use. Besides the treatment received during the trial, the participants were
asked to list other external treatments that they had undertaken since randomisation.
Tracking the use of co-interventions was important for between-group analysis to assess
whether the observed results were due to the trial interventions provided or the
provision of additional treatments.
Medication use has been shown to be useful as an outcome measure (Paterson &
Britten, 2005). The participants were asked to record the medications that they had
taken over the 24-hour period prior to completing the questionnaires. As inflammation
is a hypothesised mechanism occurring within NRDP, it was deemed important to
obtain this information.
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6.2.8

Participant compliance

Participant compliance was monitored in several ways. Firstly, the number of
physiotherapy treatment sessions that each participant had attended was obtained by
reviewing the clinical notes at the completion of the program. Those who were allocated
to the IFR group were also required to complete an exercise chart that was checked by
their physiotherapist at each session (Appendix H).
6.2.9

Adverse events

Two separate methods were used to record and monitor adverse events. Firstly, the
physiotherapists recorded any adverse events that occurred during the treatment period
in the clinical notes. The physiotherapists were required to document whether the
adverse event was ‘minor’, ‘significant’ or ‘severe’ (Table 6.7). Secondly, open
questions were included in all follow-up questionnaires asking participants to describe
any adverse, harmful or unpleasant effects that they attributed to the intervention.
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Table 6.7: Definitions of adverse events

Adverse event Definition

Minor

Any symptom or event reported by the participant that may
potentially be related to the intervention, including short-term pain
associated with exercises.

Significant

Any symptom or event potentially related to the intervention that
interrupts the participant’s ability to continue with the RCT
intervention, or requires the referral of the participant to a medical
practitioner, but does not include routine referrals back to medical
practitioners for medication reviews. Examples of a symptom
interrupting the RCT intervention include:
Deterioration in leg symptoms (pain, numbness, lower limb muscle
strength) for more than 1 week that appears related to the treatment;
Deterioration or new onset of shoulder symptoms that continue for
more than 1 week;
Onset of radicular symptoms, saddle paraesthesia or urinary
retention.

Severe

Any symptom or event potentially related to the intervention that
results in admission to hospital, permanent disability, or is lifethreatening.

6.2.10 Minimising loss to follow-up
Various strategies have been recommended and subsequently used to minimise
participant drop out and the loss of outcome measures at each follow-up time point
(Altman, 2009) (Table 6.8).
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Table 6.8: Strategies used to minimise loss to follow-up
Disclose the burden of the trial to each participant before randomisation, including
aims and processes involved in the RCT (Sprague et al., 2003).
Explain the interventions provided to ensure participant understanding (Sprague et
al., 2003; Strusberg et al., 2005).
Develop treatment protocols with minimal risk of harmful or adverse events
(Strusberg et al., 2005).
Obtain contact information for the participant and alternative contacts (Sprague et
al., 2003).
Schedule appointments around participant preferences (Sprague et al., 2003).
Collect primary outcome measures if participants are likely to drop out (Sprague et
al., 2003).
Closely monitor data for missed and overdue visits (Sprague et al., 2003).
Contact participants or alternative contacts by telephone for follow-up, even during
evenings and weekends if necessary. (Sprague et al., 2003).
Encourage and negotiate with participants who have difficulty in continuing with the
trial by offering reduced participation demands (Sprague et al., 2003).
Persevere in contacting lost participants and all alternative contacts until the
participant’s status is determined (Sprague et al., 2003).
Be flexible with unsatisfied participants with regards to their right to seek cointerventions (Liu, Wei, & Zhang, 2006).
Review clinical notes of all participants at weeks 4, 7 and 10 to identify any
emerging compliance issues or upcoming absences/travel.
Inform participants who withdraw from treatment that their data is still required to be
collected (Altman, 2009; Liu et al., 2006).
Offer monetary incentive ($20 gift vouchers) to participants reluctant to return
questionnaires (Edwards et al., 2009; Gates et al., 2009).
Obtain outcome measures via telephone as a last resort if it appears unlikely that the
participant will return them via mail (Sprague et al., 2003).
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6.2.11 Sample size
A sample size of 128 participants (64 for each group) was estimated to be required to
detect a minimal clinically important difference (MCID) of 10/100 between the two
groups. This figure was based on the Oswestry Disability Index with a standard
deviation of 20, using a power level of 80% and an alpha level of 0.05 (two-tailed
hypothesis) (Carlin & Doyle, 2002; Davidson & Keating, 2002; Ostelo & de Vet, 2005).
By allowing a buffer of 15% for loss of outcome measures at follow-up, the total
sample size increased to 148 participants.
As previously discussed, there is limited research focusing specifically on NRDP.
Therefore, the sample size calculations could only be carried out using data from studies
of non-specific LBP populations. An example of this was the estimated standard
deviation of 20 for the Oswestry Disability Index. Several RCTs have been conducted
evaluating exercise therapy for the treatment of non-specific LBP in subacute
populations, with reported Oswestry Disability Index standard deviations ranging from
6.5 to 32.5 at various time points (Cherkin et al., 1998; Moffett et al., 1999; Staal et al.,
2004; Storheim et al., 2003). Chapter 2 discussed the heterogeneity of non-specific LBP
and the potential poorer outcomes of those presenting with NRDP compared to nonspecific LBP. Disc herniation with associated radiculopathy and NRDP are similar in
that both have a higher level of pathology and poorer prognosis compared to nonspecific LBP. Thus, standard deviation values for the Oswestry Disability Index in trials
involving participants with disc herniation with associated radiculopathy were
evaluated. Four trials that used the Oswestry Disability Index reported standard
deviation scores ranging from 4.9 to 16.0 at various time points (Dincer, Kiralp, Cakar,
Yasar, & Dursan, 2007; Osterman, Seitsalo, Karppinen, & Malmivaara, 2006; Unlu,
Tasci, Tarhan, Pabuscu, & Islak, 2008; Veihelmann et al., 2006). Therefore, a standard
deviation value of 20 was considered a reasonable yet conservative estimate.
Given the limited funding for the trial, it was considered difficult to recruit 148
participants. However, as discussed in Section 6.2.1, the NRDP trial was merged with
four other trials to create the STOPS trial. Therefore, a target of 300 participants for the
STOPS trial dictated the sample size.
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6.2.12 Statistical methods
Data entry
The questionnaires completed by the participants provided the quantitative data. The
completed questionnaires were de-identified and scored by a researcher who was
blinded to treatment allocation and not involved in the provision of the participant’s
treatment. The questionnaire data was then entered into a computer spreadsheet, with
the primary researcher undertaking random reliability checks.
Data screening
The data were screened at each time point (baseline, 5 weeks, 10 weeks, 6 months, 12
months) for all continuous outcome measures. Histograms, QQ plots and box plots were
used to determine whether the data appeared to be in a normal distribution. The
Shapiro-Wilk statistic was used to determine if the data significantly deviated from a
normal distribution (Oman, 1995; West, 2009).
Data analysis
This trial aimed to compare the effectiveness of an IFR program with guideline-based
advice. The null hypothesis was that no significant differences between the two
interventions would be found. To test the hypothesis, between-group comparisons for
all primary and secondary outcome measures were performed at baseline and at each
subsequent follow-up time point. The effect sizes and 95% confidence intervals were
calculated for each outcome. Within-group analyses were also conducted to compare
the changes over time. The data analysis was conducted using IBM SPSS Statistics
Version 21 , with alpha set at 0.05 using a two-tailed hypothesis.
3

For all continuous outcome measures, a linear mixed model analysis (with a group x
time interaction estimating treatment effect) was conducted (Krueger & Tian, 2004;
West, 2009). The baseline score of the outcome analysed was included in the model.
The between-group effects were analysed at each follow-up.
Various methods exist to determine the best fitting linear mixed model. One method
uses the information criterion output, with a smaller value indicating a better fitting

3

IBM Corporation 1 New Orchard Road, Armonk, New York 10504-1722
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model (West, 2009). The Akaike Information Criterion was chosen to determine the
best fitting model. Models that failed to converge or failed to produce a positive matrix
were excluded. Fixed (e.g. gender, baseline Örebro Musculoskeletal Pain
Questionnaire) and random (e.g. treatment centre) covariates were only maintained in
the model if they resulted in a substantially lower Akaike Information Criterion
(Garson, 2011; West, 2009).
Once the best fitting model was determined, various tests were performed to ensure that
the model’s assumptions, such as a normal distribution and sensitivity to outliers, were
true. These tests included scatter-plots of residuals versus their predicted values for
outliers, and normality tests using residual values (Oman, 1995; West, 2009).
While mixed model analyses can test for the null hypothesis, they do not provide a
standardised method to compare treatment effect sizes on different measures (Higgins &
Green, 2006; White & Thomas, 2005). Therefore, for each continuous outcome, the
Hedges adjusted-g Standardised Mean Difference (SMD) with 95% confidence intervals
was calculated to determine between-group differences. Researchers have previously
provided interpretation of the SMD values, with 0.2, 0.5 and 0.8 considered as
thresholds for small, moderate and large effect sizes, respectively (Cohen, 1988).
Positive SMD values indicate treatment effects that favour the IFR group.

The Mann Whitney U test was used to analyse ordinal outcomes, with the median and
25th to 75th percentiles presented.
Volunteers were considered to present with discogenic pain if they achieved the
minimal threshold of four out of the nine discogenic features (Table 6.4). Post-hoc
linear mixed model analyses of the primary outcome measures were repeated using
different threshold levels to assess the effect of increasing the threshold considered
indicative of discogenic pain.
Intention-to-treat and sensitivity analysis
All statistical analyses followed intention-to-treat principles and every randomised
participant was included, even if they had withdrawn or failed to return the outcome
measures (Altman, 2009; Moher et al., 2010). Section 6.2.10 discussed various
strategies to minimise the loss of data during follow-up. However, it was inevitable that
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some participants would not return their questionnaires. The primary linear mixed
model analysis was conducted with missing continuous data accounted for by restricted
maximum likelihood estimation within the linear mixed models (Liu et al., 2006). A
sensitivity analysis was also performed based on current recommendations, with
missing values imputed using the Last Observation Carried Forward method (Altman,
2009; Moher et al., 2010).
Missing total questionnaire values were not imputed for the primary linear mixed model
analysis. However, missing individual items within multi-item outcome questionnaires
(e.g. Oswestry Disability Index, the Sciatica Frequency and Bothersomeness scales, and
the Örebro Musculoskeletal Pain Questionnaire) were handled differently and it was
decided a priori that missing individual items would be replaced by the mean score of
the remainder of the items in the respective outcome measure.
Clinical importance
While the analyses described above could detect a statistically significant difference
between the two interventions, they do not provide any indication of its clinical
importance. A clinically important or meaningful improvement is a noticeable and
appreciable change that is of value to the patient (Liang, 2000). Multiple analysis
methods have been recommended to determine clinical importance (Deyo et al., 2014;
Henschke, van Enst, Froud, & Ostelo, 2014). These include the proportion of
participants achieving a specified threshold and consistency of findings across different
outcome measures. It was decided a priori that the participants in each treatment group
would be divided based on those who passed the MCID threshold for each outcome
(Busse & Guyatt, 2009; Moher et al., 2010; Ostelo et al., 2008). Table 6.9 lists the
MCID for each outcome measure.

152

Table 6.9: Minimal clinically important difference definitions for outcome
measures
Outcome measure

Minimal clinically important difference

Numerical rating scale – back pain

2/10 points

Numerical rating scale – leg pain

2/10 points

Oswestry Disability Index

10/100 points

Global rating of scale

At least ‘much improved’

All treatment satisfaction scores

‘Very satisfied’

It has been suggested that the threshold for dichotomising participants based on the
MCID of continuous outcomes may be too low (Carragee, 2010). As such, the analyses
for the dichotomised continuous outcomes (Oswestry Disability Index and NRS) were
re-analysed using a 50% reduction from baseline as the threshold (Fritz, Hebert,
Koppenhaver, & Parent, 2009; Lauridsen, Hartvigsen, Manniche, Korsholm, &
Grunnet-Nilsson, 2006).
6.3 Results
6.3.1

Participants: recruitment, screening and eligibility

Two thousand and thirty eight volunteers enquired about the trial and underwent the
initial phone screening. Of those screened, 96 (4.7%) were eligible and consented to
participate in the trial (Figure 6.2).
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Assessed for eligibility (n = 2038)

Enrolment

Not meeting inclusion criteria (n=1594)
94 < 6-weeks duration of injury
857 > 6-months duration of injury
204 Eligible for another subgroup within STOPS
101 Not one of the 5 STOPS subgroups
82 Severity of pain/activity limitation too low
77 Not have a low back disorder
71 Not meeting age criteria
31 Compensation claim
27 Previous/planned surgery or injection
17 Pregnancy
16 Limited fluency in English
5 Cancer
5 Other
Not completing process of eligibility determination (n=343)
Eligible for NRDP and declined to participate (n=5)
Eligible for another STOPS subgroup and declined to
participate (n=7)

Allocation

Allocated to individualised functional
restoration (n = 50)
Received allocated intervention (n = 50)
Did not receive allocated intervention (n = 0)

Allocated to advice (n = 46)
Received allocated intervention (n = 46)
Did not receive allocated intervention (n = 0)

Follow up

Loss to follow-up
5 weeks (n = 1)
10 weeks (n = 1)
26 weeks (n = 2)
52 weeks (n = 3)
Discontinued intervention (n = 2) - dropped
out (n=2)

Loss to follow-up
5 weeks (n = 2)
10 weeks (n = 3)
26 weeks (n = 7)
52 weeks (n = 6)
Discontinued intervention (n = 12) - dropped
out (n=11), illness (n=1)

Analysis

Randomised (n = 96)

Analysed for primary outcomes (n = 50)
Excluded from analysis (n = 0)

Analysed for primary outcomes (n = 46)
Excluded from analysis (n = 0)

Figure 6.2:

CONSORT diagram showing the flow of participants through the

trial
The majority of the volunteers were deemed ineligible during the phone screening as
they presented with symptoms outside the inclusion timeframes (65%) (Table 6.10).
Those who passed the phone screening attended a physical assessment, with a large
proportion of the volunteers excluded as they presented with LBP other than NRDP
(37%). Other reasons for participant ineligibility at the assessment stage included not
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being able to be contacted, failing to attend the assessment (24%) or having pain for
longer than 6 months (10%) (Table 6.11).
Table 6.10: Reasons for ineligibility following the phone screening
Reason for exclusion

Number of
participants (%)

> 6 months duration of injury

799 (58%)

< 6 weeks duration of injury

93 (7%)

Severity of pain/activity limitation too low

79 (6%)

Not meeting age criteria

71 (5%)

Not having a low back disorder

69 (5%)

Not one of the 5 STOPS subgroups*

30 (2%)

Compensable claim for back injury

28 (2%)

Previous/planned surgery or injection

24 (2%)

Pregnant or given childbirth within the past 6 months

17 (1%)

Limited English

14 (1%)

Cancer

3 (<1%)

Not completing the process of eligibility determination

145 (11%)

Total excluded following phone screening

1375

* The recruitment of this trial was conducted in parallel with four additional trials
investigating other subgroups of LBP.
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Table 6.11: Reasons for ineligibility following physical assessment

Reason for exclusion

Number of
participants (%)

> 6 months duration of injury

58 (10%)

< 6 weeks duration of injury

1 (<1%)

Classified as another subgroup of LBP within STOPS*

204 (36%)

Not classified as one of the 5 STOPS subgroups

71 (13%)

Not having a low back disorder

8 (1%)

Severity of pain/activity limitation too low

3 (1%)

Compensable claim for back injury

3 (1%)

Previous/planned surgery or injection

3 (1%)

Limited English

2 (<1%)

Cancer

2 (<1%)

Other

2 (<1%)

Not completing the process of eligibility determination

145 (11%)

Eligible for NRDP and declined to participate

5 (1%)

Eligible for another STOPS subgroup and declined to

7 (1%)

participate*
Total excluded following physical assessment

567

* The recruitment of this trial was conducted in parallel with four additional trials
investigating other subgroups of LBP.

Various avenues were used to recruit the volunteers. Posting advertisements in
newspapers was the most successful recruitment source and 44 (46%) participants were
enrolled using this method (Table 6.12).
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Table 6.12: Sources of recruitment for enrolled participants
Recruitment source
Print advertising
Newspaper
• Leader community
• Mx
• Herald Sun
• Geelong Independent
• Green Guide
• Journal
• Courier
• Wyndham Weekly
• Unknown
Other print media
• Shoppers Guide
• Beat magazine
• Catalogue magazine
Poster / Flyer advertising
Health related clinics
• Radiology clinic
• Pharmacy
• Medical practitioner
• Local hospital
• Pathology clinic
• LifeCare Physiotherapy clinic
Community boards
• La Trobe University
• Box Hill Institute of TAFE
• Local gymnasium
• Karate school
• Community library

Number of participants recruited (%)

30 (31%)
5 (5%)
2 (2%)
2 (2%)
1 (1%)
1 (1%)
1 (1%)
1 (1%)
1 (1%)
1 (1%)
1 (1%)
1 (1%)

9 (9%)
7 (7%)
3 (3%)
3 (3%)
1 (1%)
1 (1%)
5 (5%)
1 (1%)
1 (1%)
1 (1%)
1 (1%)

Radio advertising
• Magic last minute radio

1 (1%)
1 (1%)

Electronic advertising
• Email to friends and colleagues
• Facebook
• LifeCare website
• STOPS website
• Monash council website

3 (3%)
2 (2%)
2 (2%)
1 (1%)
1 (1%)

Word of mouth

5 (5%)

Unknown

1 (1%)
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Table 6.13 presents the baseline characterists for the participants enrolled and
randomised in the trial.
Table 6.13: Baseline characteristics of participants, presented as n (%), unless
otherwise indicated
Characteristics

IFR (n = 50)

Advice
(n = 46)

42.3 (12.0)
26 (52)
9 (18)
13.5 (6.6)
8.1 (7.7)

41.8 (13.0)
24 (52)
3 (7)
14.6 (6.1)
10.9 (8.6)

Participants with back pain only
Participants with back and leg pain
Participants who had experienced a previous
episode of low back pain

16 (32%)
34 (68%)
38 (76%)

13 (28%)
33 (72%)
31 (67%)

Participants not working
Participants not working due to back pain

13 (26%)
1 (2%)

19 (41%)
1 (2%)

Demographics
Age: mean (SD) years
Female, n (%)
Smoker, n (%)
Duration of back pain: mean (SD) weeks
Duration of leg pain: mean (SD) weeks

Number of participants presenting with individual disc criterion
Back pain +/- leg symptoms
Sitting < 60min
Sit to stand somewhat difficult
Coughing or sneezing somewhat difficult
Bending somewhat difficult
Lifting somewhat difficult
Incident associated with flexion/rotation and/or
compression loading
Symptoms much worse next morning
History of working in manual job

50 (100%)
44 (88%)
34 (68%)
17 (34%)
36 (72%)
38 (76%)
21 (42%)

46 (100%)
37 (80%)
26 (57%)
9 (20%)
37 (80%)
35 (76%)
20 (43%)

29 (58%)
20 (40%)

20 (43%)
15 (33%)

1 (2%)
7 (14%)
8 (16%)
10 (20%)
12 (24%)
12 (24%)

2 (4%)
3 (7%)
4 (8%)
8 (16%)
11 (22%)
18 (36%)

Number of discogenic features met by participants
9 discogenic features
8 discogenic features
7 discogenic features
6 discogenic features
5 discogenic features
4 discogenic features

IFR = Individualised functional restoration, SD = Standard deviation
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Table 6.14 presents the baseline status of enrolled participants based on the outcome
measures.
Table 6.14: Baseline status of participants on outcome measures, presented as
mean (SD), unless otherwise indicated

Characteristics

IFR (n = 50)

Advice (n = 46)

Back pain intensity (NRS)

5.7 (1.8)

5.7 (1.8)

Leg pain intensity (NRS)

4.7 (2.9)

4.7 (2.5)

Oswestry Disability Index

30.3 (11.0)

30.3 (11.8)

Örebro Musculoskeletal Pain Questionnaire

98.7 (22.2)

98.3 (23.0)

Sciatica Frequency Score

14.0 (6.2)

14.1 (5.6)

Sciatica Bothersomeness Score

14.2 (6.4)

13.1 (5.4)

Quality of Life (EuroQol-5D utility score)

0.6 (0.2)

0.6 (0.3)

Interference with work or housework in the

2.2 (0.9)

2.0 (0.9)

3.5 (8.0)

2.3 (6.1)

Primary outcome measures, mean (SD)

Secondary outcome measures, mean (SD)

past week
Number of work days missed in the past 30 days

Oswestry Disability Index (10-item questionnaire scored out of 100%); NRS =
Numerical Rating Scale (scored from 0-10); Sciatica Frequency and Bothersomeness
Scales (five items for both frequency and bothersomeness) scored out of 30; Örebro
Musculoskeletal Pain Questionnaire (21 items) scored out of 210; EuroQol-5D (five
items) scored between -0.594 and 1.0; interference with work/housework scored on a
five-point scale.
IFR = Individualised functional restoration; SD = Standard deviation

6.3.2

Study physiotherapists and location

Fifteen physiotherapists (11 men, four women) provided treatment across 15
physiotherapy clinics in Victoria. Several physiotherapists worked at more than one
clinic location. At the beginning of the trial, the mean experience working as a
physiotherapist was 5.3 years (SD = 4.8 years). The least experienced physiotherapist
had been working for 0.5 years, while the most experienced had been working for 14.5
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years. Table 6.16 and 6.16 illustrate the distribution of participants by physiotherapist
and clinic, respectively.
The participants were not uniformly spread across clinics and physiotherapists. Two
physiotherapists provided a large proportion of the treatment (37% of all participants
enrolled). Targeted advertising around La Trobe University could account for the
uneven distribution.
Table 6.15: Distribution of participants by physiotherapist
Physiotherapist IFR group

Advice group

Total number of
participants treated, n (%)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

2
4
2
3
3
2
1
1
2
7
1
10
2
2
4

5 (5%)
9 (9%)
5 (5%)
7 (7%)
4 (4%)
4 (4%)
1 (1%)
1 (1%)
5 (5%)
14 (15%)
2 (2%)
21 (22%)
4 (4%)
6 (6%)
8 (8%)

3
5
3
4
1
2
0
0
3
7
1
11
2
4
4

IFR = Individualised functional restoration
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Table 6.16: Distribution of participants by clinic
Clinic

IFR group

Advice group

Total number of
participants treated, n (%)

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O

0
6
3
2
2
3
3
1
3
4
13
2
2
4
2

1
5
2
2
2
3
2
3
2
2
12
2
2
4
2

1 (1%)
11 (11%)
5 (5%)
4 (4%)
4 (4%)
6 (6%)
5 (5%)
4 (4%)
5 (5%)
6 (6%)
25 (26%)
4 (4%)
4 (4%)
8 (8%)
4 (4%)

IFR = Individualised functional restoration

6.3.3

Participant compliance

The participants in the advice group attended a mean (SD) of 1.71 (0.46) sessions, with
33 (72%) attending both sessions. The reasons that participants failed to attend both
sessions include one participant relocating interstate for work and another being
admitted to hospital. The remaining participants cancelled or failed to show up for their
second session and were unable to be successfully rescheduled within the timeframes of
the trial due to repeated cancellations or not being able to be contacted during the final
weeks.
The participants of the IFR group attended a mean (SD) of 8.34 (2.14) sessions, with 23
participants (46%) attending all 10 sessions. Four participants (8%) attended less than
half of the allocated sessions, and missed appointments due to work commitments, lack
of transportation and the lack of passive ‘hands-on’ treatment as part of the program.
The remainder of the participants failed to complete all sessions within the program
timeframes due to several cancelled appointments and periods of unavailability to attend
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appointments during the program. Table 6.17 illustrates the number of sessions attended
by participants.
Table 6.17: Number of sessions attended by participants allocated to the
individualised functional restoration group

6.3.4

Sessions attended

Number of participants, n (%)

0

0 (0%)

1

1 (2%)

2

0 (0%)

3

2 (4%)

4

1 (2%)

5

3 (6%)

6

3 (6%)

7

1 (2%)

8

8 (16%)

9

8 (16%)

10

23 (46%)

Treatment content and integrity

The treatment provided by the physiotherapist was reviewed using the completed
clinical notes. For the advice group, a review of the clinical notes showed that all 46
participants received both mandatory participant information sheets.
Unlike the advice group, some participants in the IFR group did not receive all of the
mandatory components. Given that only 23 (46%) participants attended all 10 sessions
and seven (14%) participants attended five or fewer sessions, these results were not
surprising. Despite explicit explanations of the treatments provided before enrolment
and randomisation, one participant only attended the initial session as she continued to
expect the provision of passive ‘hands-on’ treatment. This participant was thus not
given any exercises and only received the mandatory information sheets for day one.
Several (n = 7) participants did not progress to the advanced functional exercises as they
dropped out of the trial as treatment expectations were not met, they ran out of time to
complete all of the sessions within the 10-week period, they struggled to manage the
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inflammatory component or had difficulties achieving the required specific motor
control. Table 6.18 presents the frequency of utilisation for each treatment component
in the IFR group.
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Table 6.18: Treatment components that participants allocated to individualised
functional restoration received according to a review of their clinical notes
Treatment component

Mandatory components
Pathoanatomical information
Treatment options
Program timeframes
Taping
Specific motor control training
Functional exercises
Basic
Advanced
Posture advice
Goal setting
Pacing
Discharge planning
Optional components
Management of inflammation
When inflammation was present at program start
When inflammation appeared later
Total
Directional preference management after the
resolution of inflammation
Pain management strategies
Pharmacological
Non-pharmacological
Sleep strategies
Relaxation strategies
Management of increased pain
Management of work issues
Pain versus function

6.3.5

Number (%) of participants
receiving component (n = 50)

50 (100%)
50 (100%)
50 (100%)
50 (100%)
49 (98%)
48 (96%)
43 (86%)
49 (98%)
48 (96%)
48 (96%)
39 (78%)

18 (36%)
11 (22%)
29 (58%)
11 (22%)

20 (40%)
28 (56%)
9 (18%)
9 (18%)
21 (42%)
9 (18%)
6 (12%)

Outcomes

The process to obtain follow-up outcome measures was carried out according to the
protocol (Section 6.2.7). However, due to the participant compliance issues described
above, it was not possible to obtain the outcome measures from several participants
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(Figure 6.2). A discrepancy between the primary and secondary outcome measures was
a result of the strategy used to collect only the primary outcome measures where there
were difficulties with obtaining the completed questionnaires from a participant (Table
6.8) (Sprague et al., 2003).
6.3.6

Data screening

All continuous outcome measures were screened at each time point. For all primary
outcome measures, the data was in a sufficiently normal distribution, and thus the linear
mixed model analyses proceeded as planned. For secondary outcomes, the data from the
Örebro Musculoskeletal Pain Questionnaire, Sciatica Frequency Scale and Sciatica
Bothersomeness Scale were also normally distributed and subjected to parametric
analysis. However, two outcomes (EuroQol-5D and the number of work days missed)
did not meet the assumption of normality. As a result, they were treated as ordinal data
and analysed using the Mann Whitney U test.
6.3.7

Linear mixed model fitting and regression diagnostics

The best fitting linear mixed model was determined by comparing Akaike’s Information
Criteria. The model producing the smallest value was chosen. For all measures, the
baseline score was included as the only covariate in the best fitting model (group x
time). Analyses of the mixed model’s residuals were sufficiently normally distributed.
Outliers did not significantly affect the model and were included in the analysis.
6.3.8

Primary outcomes

Table 6.19 presents the results of the linear mixed model analyses for primary
outcomes. The results showed that all participants, regardless of their treatment group
allocation, had significant improvements in pain and activity limitation. On completing
the treatment program (10 weeks), the participants randomised into the IFR group
showed significantly greater improvements in all primary outcome measures, with small
(activity limitation) and moderate (back and leg pain) effect sizes. The IFR group also
demonstrated significantly larger reductions in Oswestry (activity limitation) at 26
weeks (adjusted between-group difference = 6.6 [1.4 to 11.8], p = 0.013). However, the
long-term follow-up (52 weeks) did not show significant differences between the
groups.
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Table 6.19: Effects of individualised functional restoration versus advice on
primary outcomes
Outcome

Number

Unadjusted mean (SD)

included

Adjusted SMD

Adjusted between-

p-

(95% CI)

group difference

value

(IFR/Advice)

(95% CI)*
IFR

Advice

Back pain (0-10 numerical rating scale)
Baseline

50/46

5.7 (1.8)

5.7 (1.8)

5 week

49/44

3.7 (2.2)‡

4.4 (2.5)‡

0.3 (-0.1 to 0.7)

0.6 (-0.2 to 1.5)

0.156

10 week

49/43

3.0 (2.3)‡

4.3 (2.6)‡

0.5 (0.0 to 0.9)

1.1 (0.1 to 2.1)

0.026

26 week

48/39

3.1 (2.4)‡

4.0 (2.5)‡

0.4 (0.0 to 0.8)

1.0 (-0.1 to 2.0)

0.075

52 week

47/40

2.8 (2.7)‡

3.3 (2.3)‡

0.2 (-0.3 to 0.6)

0.4 (-0.7 to 1.5)

0.441

Leg pain (0-10 numerical rating scale)
Baseline

41/40

4.7 (2.9)

4.7 (2.5)

5 week

40/38

3.0 (2.7)‡

4.0 (2.8)

0.3 (-0.1 to 0.8)

0.9 (-0.2 to 2.0)

0.109

10 week

40/37

2.1 (2.5)‡

3.7 (2.8)‡

0.6 (0.1 to 1.0)

1.5 (0.4 to 2.6)

0.009

26 week

39/33

2.3 (2.6)‡

3.3 (3.0)‡

0.3 (-0.2 to 0.7)

0.8 (-0.3 to 1.9)

0.174

52 week

39/34

1.9 (2.6)‡

2.3 (2.5)‡

0.1 (-0.4 to 0.5)

0.2 (-0.9 to 1.3)

0.754

Activity limitation (Oswestry)
Baseline

50/46

30.3 (11.0)

30.3 (11.8)

5 week

49/44

25.0 (12.7)‡

26.8 (17.6)

0.1 (-0.3 to 0.5)

1.8 (-3.2 to 6.8)

0.480

10 week

47/43

17.6 (12.6)‡

24.4 (15.8)‡

0.4 (0.0 to 0.9)

6.3 (1.3 to 11.4)

0.014

26 week

47/38

16.5 (12.9)‡

22.8 (18.1)‡

0.4 (0.0 to 0.9)

6.6 (1.4 to 11.8)

0.013

52 week

47/40

16.2 (14.6)‡

17.3 (14.2)‡

0.1 (-0.3 to 0.5)

1.1 (-4.0 to 6.2)

0.671

IFR = Individualised functional restoration; SD = Standard deviation; CI = Confidence interval; SMD =
Standardised mean difference
* Adjusted values were obtained using linear mixed models and adjusted for baseline score.
‡p-values were significance values obtained from a linear mixed model and indicated a statistically significant
(p = <.05) within-group change from baseline.
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6.3.9

Secondary outcomes

Table 6.20 and 6.21 present the results of the linear mixed model analyses for secondary
continuous outcome measures and the Mann Whitney U test for ordinal measures,
respectively.
Similar to the results of the primary outcome measures, all continuous secondary
outcomes demonstrated improvements for the participants regardless of their group
allocation. After completing the program (10 weeks), the participants that were
randomised in the IFR group had significantly greater improvements in all secondary
continuous outcome measures, with large effect sizes for all measures except EuroQOL
Health Score. At 26 weeks, the Sciatica Bothersomeness Score also demonstrated a
large effect size that favoured the IFR group.
The analysis of ordinal measures showed statistical significance post-treatment for most
of the global rating of change and satisfaction scores favouring the IFR group (Table
6.21). However, there were no differences between the two treatment groups at any time
points for work measures and utility score (EuroQoL-5D).
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Table 6.20: Effects of individualised functional restoration versus advice on
continuous secondary outcomes

Outcome

Number

Unadjusted mean (SD)

included

Adjusted SMD

Adjusted between-

p-

(95% CI)

group difference

value

(IFR/Advice)

(95% CI)*
IFR

Advice

Sciatica Frequency score
Baseline
49/46

14.0 (6.2)

14.1 (5.6)

5 weeks

48/43

11.0 (7.2)‡

11.6 (7.3)‡

0.1 (-0.3 to 0.5)

0.5 (-1.9 to 2.9)

0.696

10 weeks

47/43

6.7 (5.4)‡

10.7 (7.0)‡

0.6 (0.2 to 1.1)

4.0 (1.6 to 6.4)

0.001

26 weeks

44/33

6.6 (6.3)‡

9.1 (7.3)‡

0.4 (-0.1 to 0.8)

2.4 (-0.1 to 4.9)

0.064

52 weeks

41/34

6.3 (6.4)‡

7.1 (5.8)‡

0.2 (-0.3 to 0.6)

1.0 (-1.5 to 3.6)

0.418

Sciatica Bothersomeness score
Baseline
49/45
14.2 (6.4)

13.1 (5.4)

5 weeks

48/43

9.4 (6.7)‡

11.0 (7.6)‡

0.3 (-0.1 to 0.7)

2.4 (0.1 to 4.6)

0.042

10 weeks

47/43

6.4 (6.1)‡

10.4 (7.3)‡

0.6 (0.2 to 1.1)

4.3 (1.6 to 7.0)

0.002
0.041

26 weeks

44/33

6.3 (6.0)‡

8.2 (6.7)‡

0.5 (0.1 to 1.0)

3.4 (0.1 to 6.6)

52 weeks

41/34

6.1 (7.1)‡

6.1 (5.9)‡

0.1 (-0.3 to 0.6)

0.8 (-2.8 to 4.4)

0.652

Psychosocial score (Orebro)
Baseline
50/46
99.1 (23.3)

98.7 (23.7)

5 weeks

48/42

84.0 (23.8)‡

87.4 (29.9)‡

0.1 (-0.3 to 0.6)

4.0 (-5.8 to 13.8)

0.423

10 weeks

47/42

70.5 (27.6)‡

83.7 (29.7)‡

0.5 (0.1 to 0.9)

14.9 (5.0 to 24.7)

0.003

26 weeks

44/33

70.4 (34.1)‡

78.2 (33.7)‡

0.3 (-0.2 to 0.7)

9.7 (-0.6 to 20.1)

0.660

52 weeks

40/34

70.9 (40.6)‡

70.0 (33.4)‡

0.0 (-0.5 to 0.4)

-0.4 (-10.8 to 10.1)

0.944

Health score (EuroQOL)
Baseline
47/46

62.4 (20.7)

62.4 (18.9)

5 weeks

49/41

69.2 (19.6)

64.8 (21.4)

-0.3 (-0.7 to 0.2)

-5.5 (-13.1 to 2.0)

0.151

10 weeks

47/42

74.1 (21.8)‡

68.7 (21.6)‡

-0.3 (-0.7 to 0.1)

-6.6 (-15.5 to 2.4)

0.150

26 weeks

46/36

74.4 (20.5)‡

68.6 (21.8)

-0.4 (-0.8 to 0.1)

-7.5 (-17.2 to 2.1)

0.125

52 weeks

44/37

73.1 (24.3)‡

72.3 (22.2)‡

0.0 (-0.4 to 0.4)

0.0 (-10.0 to 10.0)

1.000

IFR = Individualised functional restoration; SD = Standard deviation; CI = Confidence interval; SMD =
Standardised mean difference
* Adjusted values were obtained using a linear mixed models and adjusted for baseline score.
‡ p-values were significance values obtained from a linear mixed model and indicate statistically significant (p
= <.05) within-group change from baseline.
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Table 6.21: Effects of individualised functional restoration versus advice on
ordinal secondary outcomes

Outcome

Number included
(IFR/advice)

Median
(25th to 75th percentile)
IFR
Advice

p-value*

Global rating of change score (1-7 scale; lower scores indicating greater improvement)
5 weeks
49/44
2.0 (2.0 to 3.0)
4.0 (3.0 to 4.0)
< 0.001
10 weeks
49/43
2.0 (2.0 to 3.0)
3.0 (2.0 to 4.0)
< 0.001
26 weeks
48/39
2.0 (2.0 to 3.0)
3.0 (2.0 to 4.0)
0.007
52 weeks
47/40
2.0 (2.0 to 3.0)
3.0 (2.0 to 3.0)
0.066
Satisfaction with physiotherapy care (0-4 scale; higher scores indicating greater satisfaction)
5 weeks
48/44
4.0 (3.0 to 4.0)
2.0 (2.0 to 3.0)
< 0.001
10 weeks
47/43
4.0 (3.0 to 4.0)
2.0 (1.0 to 3.0)
< 0.001
26 weeks
45/35
4.0 (3.0 to 4.0)
2.0 (2.0 to 3.0)
< 0.001
52 weeks
43/37
4.0 (3.0 to 4.0)
2.0 (1.0 to 3.0)
< 0.001
Satisfaction with treatment results (0-4 scale; higher scores indicating greater satisfaction)
5 weeks
48/44
3.0 (3.0 to 4.0)
2.0 (1.0 to 3.0)
< 0.001
10 weeks
47/43
3.0 (3.0 to 4.0)
2.0 (1.0 to 3.0)
< 0.001
26 weeks
45/34
3.0 (3.0 to 4.0)
2.0 (1.0 to 2.6)
< 0.001
52 weeks
44/37
3.0 (3.0 to 4.0)
2.0 (1.0 to 3.0)
< 0.001
Satisfaction with enduring symptoms (0-4 scale; higher scores indicating greater satisfaction)
5 weeks
48/44
0.0 (0.0 to 1.0)
0.0 (0.0 to 1.0)
0.6
10 weeks
47/43
1.0 (0.0 to 3.0)
1.0 (0.0 to 1.0)
0.038
26 weeks
45/35
2.0 (0.5 to 4.0)
0.0 (0.0 to 2.0)
0.002
52 weeks
45/36
2.0 (2.0 to 3.0)
1.0 (0.0 to 2.3)
0.309
Work interference (0-4 score; higher scores indicating greater interference with work)
Baseline
49/45
2.0 (2.0 to 3.0)
2.0 (1.0 to 3.0)
0.317
5 weeks
48/42
1.3 (1.0 to 3.0)
1.0 (1.0 to 3.0)
0.692
10 weeks
48/42
1.0 (0.0 to 2.0)
1.0 (0.0 to 2.0)
0.305
26 weeks
44/34
1.0 (0.0 to 2.0)
1.0 (0.0 to 1.3)
0.471
52 weeks
43/34
1.0 (0.0 to 2.0)
1.0 (0.0 to 1.3)
0.437
Work days missed (in the last 30 days)
Baseline
43/41
5 weeks
42/38
10 weeks
43/37
26 weeks
39/32
52 weeks
41/31

0.0 (0.0 to 3.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

EuroQol-5D (utility score)
Baseline
50/46
0.7 (0.6 to 0.7)
5 weeks
48/42
0.7 (0.6 to 0.8)
10 weeks
47/42
0.8 (0.7 to 1.0)
26 weeks
42/31
0.8 (0.7 to 1.0)
52 weeks
43/37
0.8 (0.7 to 1.0)
IFR = Individualised functional restoration
* Significance value of Mann Whitney U test

0.0 (0.0 to 2.5)
0.0 (0.0 to 0.3)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.8)
0.0 (0.0 to 0.0)

0.663
0.637
0.250
0.481
0.059

0.7 (0.6 to 0.8)
0.7 (0.6 to 0.8)
0.8 (0.6 to 0.8)
0.8 (0.7 to 0.8)
0.8 (0.7 to 1.0)

0.356
0.599
0.110
0.552
0.678
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6.3.10 Dichotomous outcomes and clinical relevance
A responder analysis based on the proportion of each group achieving the
predetermined threshold of clinical importance is presented below for the primary
(Table 6.22) and secondary outcomes (Table 6.23).
For the dichotomised primary outcomes, significant between-group differences were
found favouring IFR at various time points (Table 6.22). However, the dichotomised
results for back pain was the only outcome measure that demonstrated significant
differences in favour of IFR at intermediate- (at least 2/10 reduction on the NRS:
Relative risk incidence 1.5, 95% CI 1.0 to 2.2) and long-term (50% reduction on the

Participants with back pain reduced by at
least 50% on the NRS from baseline (%)

NRS: Relative risk incidence 1.5, 95% CI 1.0 to 2.4) follow-up (Figure 6.3).

70%
*
60%

*

50%
40%
IFR

30%

Advice
20%
10%
0%
5

Figure 6.3:

10
26
Time (weeks)

52

Graph showing the percentage of participants in each group who

improved by at least 50% on the numerical rating scale for back pain
Abbreviations: IFR = Individualised functional restoration; NRS = Numerical rating
scale
* Denotes a significant difference between groups (p < 0.05)
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Table 6.22: Effects of individualised functional restoration versus advice on
clinically relevant outcomes (dichotomised primary outcomes)

Outcome

IFR
N (%)

Advice
N (%)

Risk difference
(95% CI)

Relative risk
incidence
(95% CI)

pvalue*

NNT

Reduced back pain by at least 2/10 on the NRS from baseline
5 weeks
26/49 (53%) 19/44 (43%)
10% (-10% to 29%)
10 weeks
30/49 (61%) 22/42 (51%)
9% (-11% to 28%)
26 weeks
33/48 (69%) 18/39 (46%)
23% (2% to 41%)
52 weeks
33/47 (70%) 24/40 (60%)
10% (-9% to 30%)

1.2 (0.8 to 1.9)
1.2 (0.8 to 1.7)
1.5 (1.0 to 2.2)
1.2 (0.9 to 1.6)

0.341
0.395
0.033
0.318

10 (-10 to 3)
11 (-9 to 4)
4 (2 to 55)
10 (-11 to 3)

Reduced back pain by at least 50% on the NRS from baseline
5 weeks
19/49 (39%) 14/44 (32%)
7% (-12% to 25%)
10 weeks
27/49 (55%) 13/43 (30%)
25% (5% to 42%)
26 weeks
24/48 (50%) 15/39 (38%)
12% (-9% to 31%)
52 weeks
29/47 (62%) 16/40 (40%)
22% (1% to 40%)

1.2 (0.7 to 2.1)
1.8 (1.1 to 3.1)
1.3 (0.8 to 2.1)
1.5 (1.0 to 2.4)

0.484
0.016
0.282
0.003

14 (-8 to 4)
4 (2 to 22)
9 (-11 to 3)
5 (2 to 143)

Reduced Oswestry score by at least 10/100 points from baseline
5 weeks
20/49 (41%) 12/44 (27%)
14% (-6% to 31%)
10 weeks
32/47 (68%) 15/43 (35%)
33% (13% to 50%)
26 weeks
30/47 (64%) 19/38 (50%)
14% (-7% to 33%)
52 weeks
33/47 (70%) 25/40 (63%)
8% (-12% to 27%)

1.5 (0.8 to 2.7)
2.0 (1.2 to 3.1)
1.3 (0.9 to 1.9)
1.1 (-0.8 to -1.5)

0.170
0.002
0.200
0.447

7 (-17 to 3)
3 (2 to 8)
7 (-14 to 3)
13 (-9 to 4)

Reduced Oswestry score by at least 50% from baseline
5 weeks
11/49 (22%) 8/44 (18%)
4% (-12% to 20%)
10 weeks
19/47 (40%) 12/43 (28%)
13% (-7% to 31%)
26 weeks
22/47 (47%) 15/38 (39%)
7% (-13% to 27%)
52 weeks
26/47 (55%) 19/40 (48%)
8% (-13% to 28%)

1.2 (0.5 to 2.8)
1.4 (0.8 to 2.6)
1.2 (0.7 to 2.0)
1.2 (0.8 to 1.8)

0.610
0.212
0.498
0.467

23 (-8 to 5)
8 (-14 to 3)
14 (-7 to 4)
13 (-8 to 4)

Reduced leg pain by at least 2/10 on the NRS from baseline
5 weeks
22/40 (55%) 12/38 (32%)
23% (1% to 42%)
10 weeks
24/40 (60%) 19/37 (51%)
9% (-13% to 29%)
26 weeks
27/39 (69%) 16/33 (48%)
21% (-2% to 41%)
52 weeks
25/39 (69%) 25/34 (74%)
-9% (-29% to 12%)

1.7 (1.0 to 3.0)
1.2 (0.8 to 1.7)
1.4 (0.9 to 2.1)
0.9 (0.6 to 1.2)

0.037
0.445
0.074
0.387

4 (2 to 68)
12 (-8 to 3)
5 (-54 to 2)
11 (-3 to 8)

Reduced leg pain by at least 50% on the NRS from baseline
5 weeks
20/40 (50%) 10/38 (26%)
24% (2% to 42%)
10 weeks
26/40 (65%) 13/37 (35%)
30% (8% to 48%)
26 weeks
24/39 (62%) 16/33 (48%)
13% (-10% to 34%)
52 weeks
25/39 (64%) 22/34 (65%)
-1% (-22% to 21%)

1.9 (1.0 to 3.5)
1.9 (1.1 to 3.0)
1.3 (0.8 to 2.0)
1.0 (0.7 to 1.4)

0.032
0.009
0.267
0.957

4 (2 to 47)
3 (2 to 13)
8 (-10 to 3)
166 (-5 to 5)

Note: The risk differences and relative risks have been expressed as an increase or decrease in risk of the labelled
event occurring in the IFR group relative to the advice group.
Fisher’s exact test (2-sided) was used when one or more cells in the analysis had less than five observations.
Figures in bold represent statistically significant results.
Abbreviations: IFR = Individualised functional restoration; NNT = Number needed to treat; NRS = Numerical
rating scale; Oswestry = Oswestry Disability Index
* p-value = significance value of the chi-square test.
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Table 6.23: Effects of individualised functional restoration versus advice on
clinically relevant outcomes (dichotomised secondary outcomes)

Outcome

IFR
N (%)

Advice
N (%)

Risk difference
(95% CI)

Relative risk
incidence
(95% CI)

p-value*

NNT

Global rating of change score ‘much improved’ or ‘completely recovered’
5 weeks
25/49 (51%)
7/44 (16%)
35% (16% to 51%)
3.2 (1.5 to 6.7)
10 weeks
35/48 (73%)
11/43 (26%)
47% (27% to 62%)
2.9 (1.7 to 4.9)
26 weeks
32/48 (67%)
15/39 (38%)
28% (7% to 46%)
1.7 (1.1 to 2.7)
52 weeks
30/47 (64%)
18/40 (45%)
19% (-2% to 38%)
1.4 (0.9 to 2.1)

< 0.001
<0.001
0.009
0.078

3 (2 to 6)
2 (2 to 4)
4 (2 to 14)
5 (-50 to 3)

‘Very satisfied’ with physiotherapy care
5 weeks
25/48 (52%)
8/44 (18%)
10 weeks
25/47 (53%)
4/43 (9%)
26 weeks
23/45 (51%)
6/35 (17%)
52 weeks
26/43 (60%)
7/37 (19%)

34% (14% to 50%)
44% (25% to 58%)
34% (13% to 51%)
42% (20% to 58%)

2.9 (1.4 to 5.7)
5.7 (2.2 to 15.0)
3.0 (1.4 to 6.5)
3.2 (1.6 to 6.5)

0.001
<0.001
0.002
<0.001

3 (2 to 7)
2 (2 to 4)
3 (2 to 8)
2 (2 to 5)

‘Very satisfied’ with results of physiotherapy care
5 weeks
20/48 (42%)
4/44 (9%)
33% (15% to 48%)
10 weeks
22/47 (47%)
3/43 (7%)
40% (22% to 55%)
26 weeks
22/45 (49%)
2/35 (6%)
43% (24% to 58%)
52 weeks
20/44 (45%)
4/37 (11%)
35% (15% to 51%)

4.6 (1.7 to 12.4)
6.7 (2.2 to 20.8)
8.6 (2.2 to 34.0)
4.2 (1.6 to 11.2)

<0.001
<0.001
<0.001
0.001

3 (2 to 7)
3 (2 to 5)
2 (2 to 4)
3 (2 to 7)

‘Very satisfied’ to endure current symptoms for rest of life
5 weeks
3/48 (6%)
1/44 (2%)
4% (-6% to 15%)
10 weeks
10/47 (21%)
0/43 (0%)
21% (9% to 35%)
26 weeks
12/45 (27%)
2/35 (6%)
21% (4% to 36%)
52 weeks
11/45 (24%)
5/36 (14%)
11% (-7% to 27%)

2.8 (0.3 to 25.5)
19.2 (1.1 to 318.5)
4.7 (1.1 to 19.5)
1.8 (0.7 to 4.6)

0.618
0.001
0.018
0.236

25 (-16 to 7)
5 (3 to 13)
5 (3 to 24)
9 (-14 to 4)

Missed a work day as a result of low back pain
Baseline
19/43 (44%)
16/41 (39%)
5% (-15% to 25%)
5 weeks
8/42 (19%)
9/38 (24%)
5% (-23% to 13%)
10 weeks
5/43 (12%)
8/37 (22%)
10% (-27% to 6%)
26 weeks
7/39 (18%)
8/32 (25%)
7% (-26% to 12%)
52 weeks
2/40 (5%)
5/31 (16%)
-11% (-28% to 4%)

1.1 (0.7 to 1.9)
0.8 (0.3 to 1.9)
0.5 (0.2 to 1.5)
0.7 (0.3 to 1.8)
0.3 (0.1 to 1.5)

0.631
0.613
0.227
0.469
0.119

19 (-7 to 4)
22 (-4 to 8)
10 (-4 to 16)
14 (-4 to 8)
9 (-4 to 29)

Note: The risk differences and relative risks have been expressed as an increase or decrease in risk of the labelled event
occurring in the IFR group relative to the advice group.
Fisher's exact test (2-sided) was used when one or more cells in the analysis had less than five observations.
Figures in bold represent statistically significant results.
Abbreviations: IFR = Individualised functional restoration; NNT = Number needed to treat
* p-value = significance value of the chi-square test.
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The analysis of the dichotomised secondary outcomes revealed statistical significance
for the majority of time points favouring the IFR group in all satisfaction measures and
the global rating of change (Table 6.23). A significantly higher proportion of the
participants in the IFR group reported that they were ‘much improved’ or ‘completely
recovered’ on the global rating of change scale (Figure 6.4). There were no significant

Participants scoring “much improved” or
“completely recovered” on Global rating
of change (%)

differences between the two groups in the days missed from work as a result of LBP.

80%

*
*

70%
60%

*

50%
40%

IFR

30%

Advice

20%
10%
0%
5

Figure 6.4:

10
26
Time (weeks)

52

Graph showing the percentage of participants in each group rating

‘much improved’ or ‘completely recovered’ on the global rating of change
* Denotes significant difference between groups (p < 0.05)

6.3.11 Co-interventions and medications
Table 6.24 presents the proportion of participants seeking treatments other than those
provided during the trial. A significantly higher number of advice group participants
sought massage or chiropractic treatment during the 10-week trial period and
osteopathic therapy at 52 weeks. For all other co-interventions, there were no significant
differences between the treatment groups. Grouping the co-interventions into ‘any
health interventions’ or ‘all non-medical and non-physiotherapy treatment’
demonstrated a significantly higher proportion of advice group participants seeking
further treatment.
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Table 6.24: Proportion of participants receiving co-interventions and the number
of co-intervention sessions attended
Cointervention

IFR
N (%)

Advice
N (%)

Risk difference
(95% CI)

General practitioner care
10 weeks
15/49 (31%)
12/44 (27%)
3% (-15% to 21%)
26 weeks
9/46 (20%)
8/37 (22%)
-2% (-20% to 15%)
52 weeks
9/47 (19%)
8/40 (20%)
1% (-18% to 16%)
Surgeon
10 weeks
2/49 (4%)
2/44 (5%)
0% (-11% to 10%)
26 weeks
2/46 (4%)
1/37 (3%)
2% (-10% to 12%)
52 weeks
3/48 (6%)
1/40 (3%)
4% (-7% to 15%)
Specialist consultation
10 weeks
2/49 (4%)
0/44 (0%)
0% (-4% to 14%)
26 weeks
1/46 (2%)
2/37 (5%)
-3% (-16% to 7%)
52 weeks
3/48 (6%)
3/40 (8%)
-1% (14% to 10%)
Additional physiotherapy
10 weeks
3/49 (6%)
6/44 (14%)
-8% (-21% to 5%)
26 weeks
3/46 (7%)
4/37 (11%)
-4% (-19% to 8%)
52 weeks
6/48 (13%)
9/40 (23%)
-10% (-26% to 6%)
Chiropractic treatment
10 weeks
0/49 (0%)
4/44 (9%)
-9% (-21% to 0%)
26 weeks
2/46 (4%)
4/37 (11%)
-6% (-21% to 6%)
52 weeks
2/48 (4%)
6/40 (15%)
-11% (-25% to 2%)
Osteopathy
10 weeks
1/49 (2%)
2/44 (5%)
-3% (-13% to 7%)
26 weeks
2/46 (4%)
4/37 (11%)
-6% (-21% to 6%)
52 weeks
2/48 (4%)
7/40 (18%)
-1% (-28% to 0%)
Massage
10 weeks
2/49 (4%)
11/44 (25%)
-21% (-36% to -7%)
26 weeks
7/46 (15%)
12/37 (32%)
-17% (-35% to 1%)
52 weeks
7/48 (15%)
10/40 (25%)
-10% (-27% to 6%)
Acupuncture
10 weeks
1/49 (2%)
2/44 (5%)
-3% (-13% to 7%)
26 weeks
0/46 (0%)
3/37 (8%)
-8% (-21% to 1%)
52 weeks
2/48 (4%)
2/40 (5%)
-1% (-13% to 10%)
Injection
10 weeks
0/49 (0%)
1/44 (2%)
-2% (12% to 5%)
26 weeks
0/46 (0%)
2/37 (5%)
-5% (-18% to 3%)
52 weeks
1/48 (2%)
4/40 (10%)
-8% (-21% to 3%)
Other non-medical and non-physiotherapy treatment
10 weeks
2/49 (4%)
18/44 (41%)
-37% (-52% to -20%)
26 weeks
9/46 (20%)
19/37 (51%)
-32% (-49% to -11%)
52 weeks
11/47 (23%)
19/40 (48%)
-24% (-42% to -4%)
Any healthcare intervention
10 weeks
19/49 (39%)
25/44 (57%)
-18% (-36% to 2%)
26 weeks
15/46 (33%)
22/37 (59%)
-27% (-45% to -5%)
52 weeks
18/47 (38%)
25/40 (63%)
-61% (-95% to -40%)

Sessions attended
median (25th to 75th percentile)
IFR
Advice

pvalue*

0.0 (0.0 to 1.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

2.0 (0.0 to 1.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.662
0.825
0.990

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.5 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.895
0.702
0.392

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.178
0.436
0.861

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.221
0.482
0.298

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.032
0.253
0.074

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.505
0.262
0.040

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.3)
0.0 (0.0 to 0.0)

0.0 (0.0 to 0.3)
0.0 (0.0 to 2.0)
0.0 (0.0 to 0.3)

0.005
0.068
0.111

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.513
0.051
0.833

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.291
0.113
0.111

0.0 (0.0 to 0.0)
1.0 (0.0 to 0.0)
0.0 (0.0 to 0.0)

0.0 (0.0 to 2.0)
0.0 (0.0 to 4.0)
0.0 (0.0 to 6.5)

0.000
0.003
0.005

0.0 (0.0 to 1.0)
2.0 (0.0 to 2.8)
0.0 (0.0 to 2.8)

1.0 (0.0 to 3.0)
0.0 (0.0 to 9.0)
2.5 (0.0 to 10.9)

0.082
0.010
0.010

Note: The risk differences have been expressed as an increase or decrease in the risk of the labelled co-intervention
received by a participant in the IFR group relative to the advice group.
Figures in bold represent statistically significant results.
Abbreviations: IFR = Individualised functional restoration
* Significance value of χ2 test
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There were no statistically significant between-group differences in the proportion of
participants taking various medication types at each follow-up point (Table 6.25 and
6.26).
Table 6.25: Proportion of participants taking medication classes at each outcome
point during the trial
IFR

Advice

Risk difference

Relative risk

NNT

N (%)

N (%)

(95% CI)

(95% CI)

(95% CI)

p-value*

Taking any medications
Baseline

29/50 (58%)

23/46 (50%)

8% (-12% to 27%)

1.2 (0.8 to 1.7)

-13 (-4 to 9)

0.432

5 weeks

19/48 (40%)

15/44 (34.1%)

5% (-14% to 24%)

1.2 (0.7 to 2.0)

-18 (-4 to 7)

0.586

10 weeks

12/48 (25%)

9/43 (21%)

4% (-13% to 21%)

1.2 (0.6 to 2.6)

-25 (-5 to 7)

0.645

26 weeks

15/46 (33%)

12/36 (33%)

-1% (-21% to 19%)

1.0 (0.5 to 1.8)

138 (5- to 5)

0.945

52 weeks

12/47 (26%)

9/40 (23%)

3% (-15% to 20%)

1.1 (0.5 to 2.4)

-33 (-5 to 7)

0.742
0.503

Taking prescription medications
Baseline

15/50 (30%)

11/46 (24%)

6% (-12% to 23%)

1.3 (0.6 to 2.4)

-16 (-4 to 9)

5 weeks

5/48 (10%)

7/44 (16%)

-5% (-20% to 9%)

0.7 (0.2 to 1.9)

18 (-11 to 5)

0.435

10 weeks

3/48 (6%)

3/43 (7%)

-1% (-13% to 11%)

0.9 (0.2 to 4.2)

138 (-9 to 8)

1.000†

26 weeks

5/46 (11%)

1/36 (3%)

8% (-20% to 5%)

3.9 (0.5 to 32.0)

-12 (-5 to 21)

0.223†

52 weeks

2/47 (4%)

3/40 (8%)

-3% (-16% to 8%)

0.6 (0.1 to 3.2)

31 (-13 to 6)

0.658†

Taking non-prescription medications
Baseline

25/50 (50%)

16/46 (34.8%)

15% (-4% to 33%)

1.4 (0.9 to 2.3)

-7 (-3 to 22)

0.132

5 weeks

18/48 (38%)

12/44 (27%)

10% (-9% to 28%)

1.4 (0.8 to 2.5)

-10 (-4 to 11)

0.296

10 weeks

10/48 (21%)

8/43 (19%)

2% (-14% to 18%)

1.1 (0.5 to 2.6)

-45 (-5 to 7)

0.790

26 weeks

11/46 (24%)

11/36 (31%)

-7% (-26% to 12%)

0.8 (0.4 to 1.6)

15 (-8 to 4)

0.500

52 weeks

9/47 (19%)

6/40 (15%)

4% (-12% to 20%)

1.3 (0.5 to 3.3)

-24 (-5 to 8)

0.610

Note: The risk differences have been expressed as an increase or decrease in the risk of the labelled medication
received by a participant in the individualised functional restoration group relative to the advice group.
* p-values = significance value of chi-square test; († significance value of Fisher’s Exact Test used when fewer than
five responses in a category)
Abbreviations: IFR = Individualised functional restoration; NNT = Number needed to treat
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Table 6.26: Proportion of participants taking various medications at each outcome
point during the trial

Medication

IFR
N (%)

Advice
N (%)

Paracetamol
Baseline
17/50 (34%)
11/46 (24%)
5 weeks
8/48 (17%)
7/44 (16%)
10 weeks
6/48 (13%)
5/43 (12%)
26 weeks
9/46 (20%)
6/36 (17%)
52 weeks
6/47 (13%)
5/40 (13%)
Codeine
Baseline
5/50 (10%)
7/46 (15%)
5 weeks
2/48 (4%)
3/44 (7%)
10 weeks
1/48 (2%)
1/43 (2%)
26 weeks
2/46 (4%)
2/36 (6%)
52 weeks
3/47 (6%)
2/40 (5%)
Non-steroidal anti-inflammatory
Baseline
20/50 (40%)
15/46 (33%)
5 weeks
16/48 (33%)
9/44 (21%)
10 weeks
9/48 (19%)
7/43 (16%)
26 weeks
10/46 (22%)
7/36 (19%)
52 weeks
7/47 (15%)
4/40 (10%)
Opioids
Baseline
3/50 (6%)
2/46 (4%)
5 weeks
2/48 (4%)
1/44 (2%)
10 weeks
0/48 (0%)
0/43 (0%)
26 weeks
1/46 (2%)
0/36 (0%)
52 weeks
0/47 (0%)
0/40 (0%)
Muscle relaxants
Baseline
1/50 (2%)
1/46 (2%)
5 weeks
1/48 (2%)
1/44 (2%)
10 weeks
0/48 (0%)
0/43 (0%)
26 weeks
0/46 (0%)
0/36 (0%)
52 weeks
0/47 (0%)
0/40 (0%)
Corticosteriods
Baseline
1/50 (2%)
0/46 (0%)
5 weeks
0/48 (0%)
0/44 (0%)
10 weeks
0/48 (0%)
0/43 (0%)
26 weeks
0/46 (0%)
0/36 (0%)
52 weeks
0/47 (0%)
0/40 (0%)

Risk difference
(95% CI)

Relative risk
(95% CI)

NNT
(95% CI)

pvalue*

10% (-8% to 27%)
1% (-15% to 16%)
1% (-14% to 15%)
3% (-15% to 19%)
0% (-15% to 15%)

1.4 (0.7 to 2.7)
1.0 (0.4 to 2.7)
1.1 (0.4 to 3.3)
1.2 (0.5 to 3.0)
1.0 (0.3 to 3.1)

-10 (-4 to 12)
-132 (-6 to 7)
-115 (-7 to 7)
-35 (-5 to 7)
-376 (-7 to 7)

0.277
0.922
0.899
0.736
0.970

-5% (-19% to 8%)
-3% (-14% to 8%)
0% (-10% to 9%)
-1% (-14% to 10%)
1% (-11% to 13%)

0.7 (0.2 to 1.9)
0.6 (0.1 to 3.5)
0.9 (0.1 to 13.9)
0.8 (0.1 to 5.3)
1.3 (0.2 to 7.3)

19 (-12 to 5)
38 (-12 to 7)
413 (-11 to 10)
83 (-10 to 7)
-72 (-8 to 9)

0.440
0.667†
1.000†
1.000†
1.000†

7% (-12% to 26%)
13% (-5% to 30%)
2% (-14% to 18%)
2% (-16% to 19%)
5% (-10% to 19%)

1.2 (0.7 to 2.1)
1.6 (0.8 to 3.3)
1.2 (0.5 to 2.8)
1.1 (0.5 to 2.6)
1.5 (0.5 to 4.7)

-14 (-4 to 9)
-8 (-3 to 19)
-40 (-6 to 7)
-44 (-5 to 6)
-20 (-5 to 10)

0.452
0.165
0.757
0.799
0.494†

2% (-9% to 12%)
2% (-8% to 12%)
0% (-8% to 7%)
2% (-8% to 12%)
0% (-9% to 8%)

1.4 (0.2 to 7.9)
1.8 (0.2 to 19.5)
n/a
n/a
n/a

-61 (-8 to 11)
-53 (-8 to 12)
n/a
-46 (-9 to 13)
n/a

1.000†
1.000†
n/a
1.000†
n/a

0% (-9% to 9%)
0% (-10% to 9%)
0% (-8% to 7%)
0% (-10% to 8%)
0% (-9% to 8%)

0.9 (0.1 to 14.3)
0.9 (0.1 to 14.2)
n/a
n/a
n/a

575 (-12 to 11)
528 (-11 to 10)
n/a
n/a
n/a

1.000†
1.000†
n/a
n/a
n/a

2% (-6% to 10%)
0% (-8% to 7%)
0% (-8% to 7%)
0% (-10% to 8%)
0% (-9% to 8%)

n/a
n/a
n/a
n/a
n/a

-50 (-10 to 17)
n/a
n/a
n/a
n/a

1.000†
n/a
n/a
n/a
n/a

Note: The risk differences are expressed as an increase or decrease in risk of the labelled medication received by a
participant in the individualised functional restoration group relative to the advice group.
* p-values = significance value of chi-square test; († significance value of Fisher’s Exact Test used when fewer than
five responses in a category)
Abbreviations: IFR = Individualised functional restoration; n/a = non-applicable as at least one group did not have any
response in a category; NNT = Number needed to treat
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6.3.12 Post-hoc analysis
The linear mixed model analyses for the primary outcomes were repeated using a subset
of participants who presented with discogenic features higher than the set minimum
threshold (Appendix W-Y). By increasing the number of discogenic features required
before a participant was considered to have discogenic pain, the between-group
differences for all primary outcomes became non-significant, except for a few
comparisons. Only leg pain at 10 weeks (regardless of threshold level) and activity
limitation at 26 weeks (threshold at seven out of nine discogenic features) reached
statistical significance in favour of the IFR group.
6.3.13 Sensitivity analysis
The results of the planned sensitivity analysis utilising the Last Observation Carried
Forward method of imputing missing data did not majorly differ from the primary
outcome analyses (Appendix AA). Regarding statistical significance, only one
comparison demonstrated a different result, with between-group differences in leg pain
at 26 weeks becoming significant in favour of the IFR group (SMD = 0.4, 95% CI 0.0 to
0.8).
6.3.14 Adverse events
Table 6.27 lists all of the adverse, harmful or unpleasant events recorded by the
physiotherapists in the clinical notes or by the participants in the outcome
questionnaires. Thirty IFR participants and five advice group participants identified
minor adverse events causing a temporary increase in symptoms. No significant or
severe adverse events were recorded. Several participants (n = 12) noted more than one
adverse event, particularly relating to skin irritation with taping.

177

Table 6.27: Adverse events attributed to the treatment received and recorded in
the physiotherapist’s clinical notes or the participants’ outcome questionnaires
Adverse, harmful or unpleasant event

Individualised functional restoration group
Exercise related
DOMS with squats/lunges
DOMS with shoulder exercises
Back symptoms from lumbar extensions (<1
day)
Neck and arm pain with prone arm/leg
raises (3 days)
DOMS in lumbar region with the
introduction of erector spinae exercises (3
days)
Neck and shoulder pain with shoulder
raises† (6 days)
Back pain with postural changes (<1 day)
Discomfort from a previous ankle injury
with excessive step ups (<1 day)
Leg pain after running (3 days)
Modification of exercise program due to coexisting golfers elbow

Physiotherapist
recorded in
clinical notes

5
2
2

B, E, G
A, D

1

K

1

I

1
1

J

1
1

1*
2
1

Taping
Pain with taking the tape off
Increase pain with taping (<1 day)
Skin irritation

1
2
11

Itchiness with Comfeel

1

Advice group
Lack of effectiveness
Felt that they did not receive any
physiotherapy treatment
Symptoms did not resolve quickly enough

1

Participants
with >1 event

1

Anti-inflammatory medication
Dizziness
Sleep disturbance
Increased asthma
Gastrointestinal upset
Other side effects

Other
Unable to sit during the discussion of
information sheets
Unknown

Participant
reported in
outcome
questionnaire

D

1
1
1*
1

2

A
B
F
C, J

C, D
A, B, E, F, G,
H, I, K

1

H

1

5

L

1

L

* This adverse event occurred in one participant and was noted by both the participant and the
physiotherapist.
† Past history of similar symptoms, but less severe over the past 12 months.
Abbreviation: DOMS = Delayed onset muscle soreness
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6.4 Discussion
This RCT compared the effectiveness of a physiotherapy-based IFR program plus
guideline-based advice against advice alone in people presenting with NRDP. Those
who were allocated to the IFR program exhibited greater and more rapid reductions in
pain and activity limitation in the short term (10 weeks) and of activity limitation in the
intermediate term (26 weeks) compared to the participants who only received advice.
Long-term differences between the groups, however, were not sustained. Given this is
the first RCT to evaluate specific treatments targeting NRDP, numerous aspects of the
trial must be discussed further to ensure a balanced view of the results. The discussion
is structured in a similar order as the results section, with each subsection sequentially
addressed and the strengths and limitations reviewed. The discussion concludes with the
implications of the RCT findings.
6.4.1

Participants

One of the main difficulties encountered in conducting an RCT is recruiting sufficient
participants (McDonald et al., 2006; Treweek et al., 2013). Although 2038 people
enquired about the trial, only 96 (4.7%) volunteers were determined to be eligible to
participate. Five additional participants qualified for the trial but chose not to proceed
following the physical assessment. The primary reason for ineligibility at either the
phone screening (n = 892) or assessment (n = 59) was that the volunteers presented with
LBP outside the specified timeframes (≥ 6 weeks or ≤ 6 months). As the majority of
ineligible volunteers were excluded following the phone screening, it was impossible to
ascertain whether they would have fulfilled the criteria for NRDP. Nevertheless, these
results were comparable to the recent prevalence estimate (5.9%) of clinically identified
NRDP (Hefford, 2008).
The low levels of eligibility may have been due to the criteria used to determine
whether a participant presented with NRDP. The participants were required to pass a
two-step process to be classified as having NRDP. Firstly, the participants needed to
present with four out of the nine possible features of discogenic pain (Table 6.4). Those
who passed the first step were then assessed on their response to MLSs. The participants
who did not respond positively were then deemed to present with NRDP. This approach
allowed for a more homogeneous group of participants to be enrolled. While it has been
proposed that the identification of homogeneous subgroups may improve LBP (Ford et
al., 2007; Fritz et al., 2007; Kent & Keating, 2004; Petersen, Tharsen, Canniche, &
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Ekdahl, 1999), this method to identify NRDP could also lack sufficient validity. As
described in Section 1.3.3, a convergence of validity approach (Ford et al., 2011;
George & Delitto, 2005; Reitsma et al., 2009; Richardson, 2007) was adopted in the
validation of the discogenic and NRDP subgroups and their associated features. The
pathoanatomical causal mechanisms (Section 2.6), review of the validity literature
(Sections 2.7 and 2.8) and expert opinion (Chapter 3) on NRDP provided the basis for
the convergence.
6.4.2

Participant compliance

The participants who failed to attend the allocated sessions may have negatively biased
the results, as they may not have received the full benefits of the treatment provided.
Although a majority (72%) of the participants randomised into the advice group
attended all of the allocated sessions, the majority (53%) of the IFR participants failed
to do so. Given that the IFR participants were required to commit to 10 physiotherapy
sessions within a 10-week period rather than two advice sessions within the same
period, it was understandable that some IFR participants missed one or two sessions due
to work, personal commitments or illness. A closer analysis of the attendance record of
the IFR group, however, showed that a large majority (78%) of the participants attended
eight or more sessions.
6.4.3

Treatment integrity

For valid inferences to be drawn from clinical research, the treatment must be well
defined, well tested and administered as intended. Treatment integrity refers to the
extent a treatment is delivered as designed. Treatment integrity includes therapist
adherence and competence (Perepletchikova, 2011; Southam-Gerow & McLeod, 2013).
Failure to adhere to the treatment protocol may confound the results and lead to
incorrect conclusions being drawn about treatment effectiveness (Borrelli et al., 2005;
Perepletchikova, Treat, & Kazdin, 2007). Likewise, physiotherapist non-compliance
may lead to incorrectly or poorly implemented treatment.
Physiotherapist adherence, defined as the extent to which a physiotherapist follows the
treatment protocol (Perepletchikova, 2011; Southam-Gerow & McLeod, 2013), was
assessed through the clinical notes (Section 6.2.6). Other methods to assess adherence
could include audio or video recording of treatment sessions (Borrelli et al., 2005;
Perepletchikova et al., 2007). However, it was considered that the clinical notes
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demonstrated sufficient evidence regarding the actual treatment provided. A review of
the clinical notes revealed that the study physiotherapists had not thoroughly followed
the IFR treatment protocol as described. Some participants (22%), for instance, did not
receive the mandatory component of discharge planning (Table 6.18). This may be due
to a majority of the IFR participants failing to attend all sessions, as discussed in
Section 6.4.2.
Physiotherapist competence relates to the quality of treatment implementation
(Perepletchikova, 2011; Southam-Gerow & McLeod, 2013). A detailed manual was
developed to ensure that a high quality of treatment was provided. The manual included
all of the key clinical decisions relating to the provision of the treatment. The study
physiotherapists were required to read the manual and attend the training sessions
before enrolling the first participant. Monthly meetings were also held with the
physiotherapists to discuss adherence to the protocols and clinical issues relating to
treatment implementation. Although the inclusion of a physiotherapist with 0.5 years of
clinical experience could be interpreted as a reduction in the quality of treatment, the
described safeguards ensured high levels of physiotherapist competence regardless of
experience. It is also important to note that physiotherapists of varying experience levels
were deliberately included in the trial to improve the generalisability of the results.

6.4.4

Outcomes

This trial aimed to evaluate the effectiveness of an IFR program plus guideline-based
advice compared to advice alone in people with NRDP. Before making between-group
comparisons, it is essential to consider the changes that occurred in the patients in each
group from the beginning to the end of the trial.
Most international clinical guidelines recommend advice to treat LBP (Dagenais,
Tricco, & Haldeman, 2010; Oliveira et al., 2018). They have also demonstrated results
in trials investigating treatments for early persistent LBP (Indahl et al., 1995; Pengel et
al., 2007). This trial supported these findings as participants who received advice
showed statistically significant improvements relative to baseline on all continuous
primary outcomes, except for activity limitation at the 5-week follow-up. Improvements
were also demonstrated in the secondary outcomes for people in the advice group
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(Tables 6.20, 6.21 and 6.23). Therefore, the provision of advice is an effective treatment
for people with early persistent NRDP.
Individualised functional restoration as a comparison treatment also demonstrated
effectiveness in people with NRDP. Statistically significant improvements relative to
baseline were found in all continuous primary and secondary outcome measures except
for the EuroQoL health score at 5 weeks (Tables 6.19 and 6.20). Ordinal secondary
outcomes also demonstrated improvements. The convergence of these results further
suggests that the findings are due to real effects rather than chance.
Compared to the advice group, people undertaking an IFR program experienced
significantly reduced activity limitation in the short term (10 weeks), with the effects
maintained at 26 weeks. The IFR group also demonstrated greater reductions in back
and leg pain at 10 weeks. Statistical significance in the majority of secondary
continuous outcome measures supported the short- and intermediate-term results. Longterm follow-up failed to demonstrate significant between-group differences.
Although RCTs often base their conclusions on the statistically significant differences
between groups (Chan, Man-Son-Hing, Molnar, & Laupacis, 2001; van Tulder,
Malmivaara, Hayden, & Koes, 2007), clinical importance or meaningfulness is an
essential component to interpret the results and therefore evaluate treatment
effectiveness (Dworkin et al., 2009). As part of the a priori statistical plan, a primary
outcome responder analysis was conducted to assess the clinical importance between
treatment groups (Table 6.22) (Hahne, Ford, Surkitt, et al., 2011). At each follow-up
point, the participants were dichotomised according to whether or not they achieved the
MCID of the outcome. The MCID for the primary outcomes were defined as 10/100 for
the Oswestry and 2/10 for the NRS pain scales (Hahne, Ford, Surkitt, et al., 2011). In
certain contexts, the MCID values were considered to be too low (Carragee, 2010) and
as such, the analyses were also repeated using a threshold of 50% reduction in the
primary outcome measures. Empirical validation studies have suggested that this may
be a more suitable threshold to evaluate clinical importance (Fritz et al., 2009;
Lauridsen et al., 2006). Although both groups had participants that achieved the MCID,
the primary outcome responder analysis showed that a larger proportion of the
participants receiving IFR reached this threshold. For example, the results showed that
the IFR group was 1.8 and 1.9 times more likely to improve by 50% from baseline on
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back and leg pain, respectively, at 10-week follow-up compared to those receiving
advice alone. The IFR group was also more likely to improve by at least 10/100 on
Oswestry at the 10-week follow-up (relative risk 2.0, 95% CI 1.2 to 3.1). Analyses of
the continuous and ordinal secondary outcome measures also demonstrated a greater
proportion of participants with clinically important changes in responder analyses
favouring the IFR group. The consistency of these findings across the different outcome
measures provides further support for the effectiveness of the IFR program plus
guideline-based advice compared to advice alone in people with NRDP.
6.4.5

Post-hoc analyses

An arbitrary figure of four out of nine discogenic features was chosen as the minimum
threshold for participants to be considered as presenting with discogenic pain and
therefore possibly NRDP. When the threshold was raised, repeated post-hoc analyses of
the primary outcomes did not reveal any significant between-group differences at most
time points. However, for activity limitation, only a threshold of seven discogenic
features maintained significance at 26 weeks (adjusted between-group difference 11.3,
95% CI: 1.7 to 20.8). Despite the significance, the confidence intervals became wider as
the threshold was raised (adjusted between-group difference for four features 6.6, 95%
CI: 1.4 to 11.8). This finding was also observed for leg pain where the effect size and
confidence intervals increased with an increased threshold for discogenic features. As
such, these results may be accounted for by the reduction in the sample size when the
minimum threshold was increased.
The use of nine features to determine discogenic pain is a form of composite test,
common in musculoskeletal medicine (Cuchna, Hoch, & Hoch, 2016; Laslett, Aprill, et
al., 2005; Lowery, Farley, Wing, Sterett, & Steadman, 2006; Salaffi et al., 2010). For
example, in disc herniation with associated radiculopathy, the presence of a positive
straight leg raise test, positive neurological signs in a segmental distribution and
imaging that demonstrates a lumbar disc herniation, which is consistent with
examination findings are required before the diagnosis can be made with any degree of
confidence (Hahne, Ford, Surkitt, et al., 2011; Weinstein et al., 2006). Likewise for
sacroiliac joint pain, three or more of the six provocative tests are required to produce
the highest likelihood ratio to predict sacroiliac joint pathology (Laslett, Aprill, et al.,
2005). As such, it seems reasonable to use a composite test to determine the presence of
discogenic pain and therefore NRDP. However, further studies are needed to determine
the optimum threshold and validity of such a test.
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6.4.6

Co-interventions and medications

The inclusion of interventions during the trial period other than those being studied may
have adversely biased the results. Although the participants were asked to refrain from
using other interventions during the initial 10 weeks, they were not prevented from
commencing treatments that were advised by their medical practitioner. Cointerventions were monitored through self-administered questionnaires at the follow-up
time points. Reviewing the co-interventions sought by participants revealed that advice
participants were likely to seek more treatment from health practitioners compared to
IFR participants (Table 6.24). This was especially true for treatments from chiropractors
and massage therapists, which demonstrated significant between-group differences at 10
weeks. This notion was further supported by an aggregation of co-interventions into
either non-medical and non-physiotherapy treatments or any healthcare intervention that
demonstrated statistically significant differences between the groups. This finding may
be explained by the lack of treatment satisfaction and lack of overall improvements on
the global rating of change scale by participants in the advice group, leading them to
seek treatment elsewhere.
Even though lumbar fusion (Section 4.1.5) was demonstrated to be a treatment for
discogenic pain, interestingly, no participants in either group had any form of surgical
intervention. The lack of participants progressing to surgery may be due to the
recruitment of participants with LBP of less than 6 months in duration, and the
exclusion of people who were planning to undertake surgery during the program.
Participants with a lower duration of symptoms may be reluctant to pursue surgical
interventions until all conservative management options are exhausted. These
justifications may also explain the small number of participants (n = 2) who had lumbar
injections (Section 4.1.3).
Although there were no significant differences in medication usage, the IFR group
tended to use more anti-inflammatory medication. This could be accounted for by the
protocols developed for the IFR group, which included the recommendation to use
NSAIDs for the management of inflammation, if present (Section 5.4.1). In Australia,
physiotherapists are prohibited from prescribing NSAIDs. However, over-the-counter
NSAIDs are readily available to the public and have been marketed for the treatment of
LBP. Nevertheless, there are side effects associated with NSAID use. The participants
in the IFR group were therefore recommended to consult their pharmacist regarding
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over-the-counter medications when signs of inflammation were present. In cases where
over-the-counter NSAIDs were ineffective, the participants were referred to their
medical practitioners to assess the appropriateness of prescription anti-inflammatory
medications.
6.4.7

Adverse events

Although six (12%) participants reported temporary adverse events associated with antiinflammatory drugs, the most commonly reported event related to the taping of the
lumbar spine (34%), despite the use of a liquid skin protector and hypoallergenic tape
for taping (Appendix G). Except for one study (Hinman, Crossley, McConnell, &
Bennell, 2003), the prevalence of skin irritation resulting from tape in this trial was
relatively high compared to other research trials (Hahne, Ford, Hinman, et al., 2011;
Hinman, Bennell, Crossley, & McConnell, 2003; Saavedra-Hernandez et al., 2012;
Vicenzino, Franettovich, McPoil, Russell, & Skardoon, 2005). Delayed onset muscle
soreness of fewer than three days in duration was the other commonly reported reason
of an adverse event (16%). Despite these documented adverse events, none were serious
or long in duration. The absence of any serious adverse events suggests that the IFR
program was a relatively safe intervention for people with NRDP. Precaution and close
monitoring of minor events, such as tape irritation, side effects from medications and
muscle soreness after exercising, should take place. Replication of the trial with a larger
sample size would ensure that rare adverse events had not been missed.
6.4.8

Strengths and limitations

The provision of an individualised treatment targeting a homogeneous subgroup of LBP
was one of the strengths of this trial and has been recommended for RCTs evaluating
treatments for LBP (Ford et al., 2007; Koes et al., 2006). The initial chapters of this
thesis developed the framework for the RCT by providing a method to identify NRDP
as a subgroup that may positively respond to a functional restoration program modified
to target the underpinning pathoanatomical mechanisms.
In addition, this trial developed detailed protocols for both groups (Ford et al., 2012). A
comprehensive manual outlined the assessment and treatment protocols for the trial,
which improved the level of treatment integrity. The clinical notes formed a large part
of the treatment protocol, providing the physiotherapists with guidance on the selection
of the treatment, and use of mandatory and optional information sheets. The detailed
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protocols not only assisted the physiotherapists, but will enable other research teams to
accurately replicate the trial in the future.
A high level of external validity was important to increase the ability for the findings to
be generalised to clinical practice (Manchikanti et al., 2008). Recruiting
physiotherapists with varying degrees of experience to provide treatment achieved a
high level of external validity. Numerous clinics across Victoria were also used to
increase the generalisability of the trial. Finally, the trial utilised multiple treatment
components (Table 6.18) rather than one specific technique to reflect the reality of
clinical practice (Jull & Moore, 2010).
The study had several limitations. Firstly, the participants in the IFR group attended 10
sessions of physiotherapy, while those in the comparison group received only two
sessions. Thus, any between-group differences could have been due to the discrepancy
in the allocated number of treatment sessions. However, the assigned session numbers
reflected the provision of functional restoration in clinical practice and the treatment
protocols used in RCTs that demonstrate effectiveness for advice (Hagen et al., 2000;
Indahl et al., 1995). Other back pain trials also had an imbalance in the number of
treatment sessions and no differences were found between the interventions (Frost et al.,
2004; Luijsterburg et al., 2008). Non-specific treatment effects were not controlled as it
was not feasible to develop a placebo that was inert and credible in complex LBP
interventions (Fritz, 2009; Paterson & Dieppe, 2005). Finally, as the study was not a
fully powered trial, some of the non-significant findings could represent Type II errors.
Nevertheless, this trial establishes a platform for further research on specific treatments
for NRDP.
Finally, given the nature of the interventions, it was not possible to blind the participant
and the physiotherapist to the treatment (Juni et al., 2001; van Tulder et al., 2003).
Several participants declined to enrol in the trial, as they did not want to be allocated to
the advice group. Therefore, it was possible that some bias may be introduced.
Nevertheless, the physiotherapists were asked to provide equal levels of encouragement
and enthusiasm when treating participants in each group. Blinded scoring and entry of
outcome questionnaires were also used to minimise the effects of bias.
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6.4.9

Implications

This trial had several implications for the management of LBP. Low back pain has
commonly been thought of as a heterogeneous condition (Fritz et al., 2007) and the
identification of homogeneous subgroups is considered a high research priority
(Cherkin et al., 2009; Ford et al., 2007; Foster et al., 2009; Fritz et al., 2007; Petersen et
al., 1999). Despite the biological plausibility and pathoanatomical mechanisms
underpinning the existence of NRDP as a subgroup (Chapter 2), there is still limited
evidence on the validity of NRDP. Through an expert panel of physiotherapists in
Chapter 3, the evidence was strengthened for the clinical features of discogenic pain and
NRDP, which in turn informed this RCT. The trial found that the participants allocated
to the IFR group demonstrated more rapid and greater clinically meaningful
improvements than those who received only guideline-based advice.
Subgrouping people with different types of LBP is common in clinical practice (Kent &
Keating, 2005a; Spoto & Collins, 2008). However, international guidelines typically
recommend that people with LBP, after the exclusion of red flags, should be treated as a
“non-specific” condition (Hartvigsen et al., 2018; Oliveira et al., 2018). By
demonstrating the effectiveness of subgroup specific treatment, the RCT findings
provide preliminary evidence that contradicts these guideline recommendations.
In this thesis, the clinical features developed for the subgrouping of NRDP were based
on a convergence of evidence (Chapter 2 and 3). Although these features may assist
clinicians in the identification of NRDP, there may have been other features or
composite of features that can more effectively identify NRDP. Given that
inflammation has been proposed as one of the pathoanatomical mechanisms
underpinning NRDP (Chapter 2), biochemical markers of inflammation may be
appropriate in the clinical diagnosis of NRDP. As inflammatory mediators have been
found in Type I Modic changes on MRI (Ohtori et al., 2006; Rannou et al., 2007),
imaging may also be appropriate. Further research to build on and enhance the
homogeneity of NRDP could also improve the treatment of this subgroup.
Most international clinical guidelines recommend the provision of advice for the
management of LBP (Hartvigsen et al., 2018; Oliveira et al., 2018). The results of the
RCT support this recommendation. However, greater improvements were observed in
participants allocated to the IFR group compared to the advice group. This suggests that
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clinicians should consider providing an IFR program in addition to advice rather than
guideline-based advice alone when treating people with post-acute NRDP. The
provision of effective treatment is important as it may help minimise the burden of LBP
by reducing further treatment needs and unnecessary costs associated with imaging,
opioids and invasive medical management options (Foster et al., 2018).
Functional restoration, originally developed for non-specific LBP (Mayer et al., 1985),
has been shown to be an effective treatment (Chou & Huffman, 2007b; Norlund et al.,
2009; Poiraudeau et al., 2007; van Geen et al., 2007). An IFR program with a greater
focus on the barriers to recovery and the pathoanatomical mechanisms underpinning
NRDP may provide better results than the standard functional restoration developed by
Mayer (1985). The findings of this trial support an IFR program as an effective
treatment for NRDP, and its potential use in clinical practice for people with post-acute
NRDP. However, as a multi-modal treatment program, it was difficult to ascertain
which components of the IFR program were most effective to treat NRDP. It would thus
be worthwhile to investigate the efficacy of each component within the IFR program in
the future.
Despite the promising clinical implications of the RCT findings in the management of
NRDP, definitive conclusions would only be able to be drawn from an adequately
powered study. An estimated sample size of 148 participants was required to detect a
minimally clinically important between-group difference of 10% on the Oswestry
Disability Index with a standard deviation of 20, using a power level of 80% and an
alpha level of 0.05, and allowing a buffer of 15% for loss of outcome measures at
follow-up. Given the current RCT took 3 years to recruit 96 participants, a recruitment
period of approximately 5 years is required to achieve a fully powered study. With
adequate funding, it would be feasible to replicate the trial in a sufficiently powered
study.
Although the RCT was underpowered, the findings can be considered generalisable to
clinical practice as the trial employed numerous physiotherapists of varying levels of
clinical experience to provide treatment across multiple clinics. Generalisability was
further increased by recruiting participants with a well-defined condition from the
general public. Finally, a multi-modal treatment program was used to reflect clinical
practice.
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6.5 Conclusion
This study demonstrated that people with NRDP receiving an IFR program plus
guideline-based advice made significant and more rapid improvements at 10 weeks
(back pain, leg pain and activity limitation) and 26 weeks (activity limitation) compared
to those only receiving guideline-based advice. The outcomes were clinically important,
but replication in a more extensive trial would strengthen the findings. The results
suggested that people with NRDP not recovering after 6 weeks should consider a
physiotherapy-based IFR program plus guideline-based advice as a treatment option in
preference to advice alone.

189

CHAPTER 7: THE PERSPECTIVES OF PARTICIPANTS RECEIVING AN
INDIVIDUALISED FUNCTIONAL RESTORATION PROGRAM
7.1 Introduction
The previous chapter explored the quantitative outcomes of an RCT and found that
people with NRDP who participated in an IFR program plus guideline-based advice
demonstrated significantly greater and more rapid improvements in pain and function at
the end of the program compared to those who received advice alone. However, the
conclusions based solely on quantitative approaches may lead to a narrow
understanding of clinical practice depending on the outcome measures chosen (Petty,
Thomson, & Stew, 2012a; Pluye & Hong, 2014).
Qualitative research, referring to the systematic process of collecting, organising and
interpreting textual material, generates rich data to explore ‘real life’ behaviour that is
underpinned by people’s beliefs, attitudes and experiences (Kuper, Reeves, & Levinson,
2008; Malterud, 2001; Tong, Palmer, Craig, & Strippoli, 2016). Evaluating this real life
data can help develop a greater understanding of the treatment effects (Browne,
Roseman, Shaller, & Edgman-Levitan, 2010; Lewin, Glenton, & Oxman, 2009; Petty et
al., 2012a) and improve the quality of the treatment (Browne et al., 2010; Grant, 2005;
Slade et al., 2009b).
Combining quantitative and qualitative research methods can allow for more
comprehensive conclusions to be made as the strengths of each method are consolidated
while the limitations are compensated (Mengshoel, 2012; Petty et al., 2012a; Pluye &
Hong, 2014). This combined approach is known as mixed methods research
(Mengshoel, 2012; Pluye & Hong, 2014). Mixed methods research emphasises the
integration of findings to create a whole that is more than the sum of the parts (Barbour,
1999). It is useful in the evaluation of complex interventions, such as an IFR program
(Seymour, 2012). While this approach has been of interest for many years (Baum, 1995;
Morse, 1991), research teams have only used it sporadically to evaluate LBP
interventions (Evans, Maiers, & Bronfort, 2003; Slade & Keating, 2009; Underwood et
al., 2006; Valenzuela-Pascual et al., 2015).
This chapter explores the perspectives of the participants randomised to the IFR group
to more comprehensively evaluate their experiences completing the program. In
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particular, it looks at the participants’ perspectives on the outcomes and content of the
IFR program. These findings will be integrated with the results from Chapter 6, which
presented the quantitative evaluation of the IFR program as a conservative treatment
option for people with NRDP.
The participants’ perspectives on the outcomes of the IFR program create a more
balanced view of the program’s effectiveness. To assess treatment effectiveness in the
RCT, the researchers used standardised outcome measures. However, improvements
experienced by the participants may not be fully captured by these selected measures.
The participants were therefore provided with an opportunity to discuss outcomes that
were of importance to them (Tong et al., 2016).
An adverse effect occurring as a result of the IFR program was considered a negative
outcome. Although adverse events are uncommon in exercise programs, it was
important to take into account the safety of the program as an IFR program had not
previously been studied exclusively in people with NRDP (Hahne, Ford, Hinman, et al.,
2011; van Tulder, Koes, & Malmivaara, 2006). Various methods were used during the
RCT to ensure that all harmful, unwanted or adverse effects were identified. This
included questions on follow-up outcome measures and specific questioning by the
physiotherapist throughout the treatment program (Section 6.2.9). The participants were
also interviewed at the end of the program on the adverse events that had occurred.
The participants’ perspective on the content and delivery of the IFR program was also
examined. People were likely to prefer and participate in exercise programs that were
designed in accordance to their preferences, circumstances and past exercise
experiences (Slade et al., 2009b). These considerations are essential components in a
successful exercise program (Hayden et al., 2005). Therefore, it would be valuable to
investigate the factors that influence the effectiveness and success of the IFR program.
Furthermore, as the program consisted of various components, identifying which
aspects the participants preferred or found to be more effective would help to refine the
program in future RCTs.
In sum, this study aimed to explore the experiences of a sample of participants with
NRDP and their perspectives on the content of the IFR program.
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7.2 Methods
7.2.1

Ethics

This study was conducted in conjunction with the RCT described in Chapter 6 and as
such, the La Trobe University Human Ethics Committee granted ethics approval
(Faculty Human Research Ethics Committee approval number 09/77, Appendix J).
7.2.2

Design

One-on-one semi-structured interviews were conducted with the participants presenting
with NRDP who had recently completed the IFR program. While this study and the
RCT in Chapter 6 were concurrently implemented with analyses conducted
independently, the results from each study were combined to provide a combined
interpretation. This approach is known as a convergent parallel mixed methods research
design (Creswell & Plano Clark, 2011).
7.2.3

Recruitment

The potential participants were provided with information about the qualitative study
before their enrolment in the RCT (Appendix O). Signed consent was obtained from all
participants that were to be interviewed at the end of the 10-week treatment period.
However, a purposive sampling technique was used where only participants randomised
to the IFR program were interviewed (Barbour, 2001; Mays & Pope, 1995). The
interviews continued until saturation of the data was achieved (Green et al., 2007).
Saturation was considered to have occurred when no new categories or themes were
generated in three consecutive interviews (Auerbach & Silverstein, 2003; Cutcliffe,
2000; Green et al., 2007).
7.2.4

Data collection

The primary researcher (AC) conducted the one-on-one semi-structured interviews with
the individual participants (Giacomini & Cook, 2000) at the physiotherapy clinic where
the participant undertook the IFR program. If this was not possible, the interview was
conducted at another location agreed upon by the participant. Interviewing over the
phone was used as a last resort. In cases where the primary researcher had treated the
participant, a second researcher (SS) conducted the interview.
The interviews were guided using several pre-determined topic areas and prompting
questions (Petty, Thomson, & Stew, 2012b). Open-ended questions were used to give
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the participants an opportunity to provide broad and in-depth answers about their
experiences and perspectives of the IFR program (Creswell, 2009). Variable follow-up
questions were also used to elicit further detail on the emerging discussion. Table 7.1
presents the interview topic areas and prompting questions. The interviews were
conducted without the participants’ prior knowledge of the topics or questions to allow
the participants to form opinions and answers based on their initial reactions. All
interviews were digitally audio-recorded to allow for verbatim transcription. Field notes
were taken during and following the completion of the interviews (Liamputtong, 2013).
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Table 7.1: List of topic areas and prompting questions used in the semistructured interview

Topic area

Prompting questions

Perceptions of the
functional restoration
treatment

Could you make any comments about how you found the
functional restoration program overall?
Could you describe any components of the treatment that
you found were important for you and why?
Could you describe any components of the treatment that
you found were un-important or un-necessary for you and
why?
Can you suggest any ways that we could change the
program?

Benefits and adverse
effects attributable to
the functional
restoration treatment

Have you noticed any changes in your condition or
yourself from participating in the treatment program?
Have you noticed any (other) benefits from the treatment
program?
Have you noticed any (other) adverse or unwanted effects
from the treatment program?
Can you discuss any skills for managing your condition
that you learnt during the treatment program?
Can you discuss whether you are satisfied overall with the
results of the functional restoration program?

Open feedback

7.2.5

Is there anything else you would like to say that we have
not covered in the interview?

Data analysis

The audio-recorded interviews were transcribed verbatim by a research assistant (JG)
and checked by the primary researcher (AC) to ensure transcription accuracy. During
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the transcription process, the names of the participants and physiotherapists, and other
identifying features were de-identified using pseudonyms to maintain confidentiality.
Copies of the full transcript were sent to the participants to review and correct if
necessary. This process, known as ‘member checking’, has been recommended to
improve rigour (discussed in Section 7.2.6 below) (Giacomini & Cook, 2000; Mays &
Pope, 2000). There were no additional comments or changes made by any of the
participants.
This study aimed for a rich thematic description of the data set rather than a more
detailed theoretical analysis as there is limited research evaluating people with NRDP
(Braun & Clarke, 2006; Tong, Sainsbury, & Craig, 2007).
Two researchers (AC, SS) independently completed an inductive thematic data analysis
(Braun & Clarke, 2006). Figure 7.1 illustrates the overall process. The researchers
reviewed the transcripts several times to familiarise themselves with the content and
then coded key words and phrases made by the participants (Braun & Clarke, 2006;
Green et al., 2007; Petty et al., 2012b). A qualitative data analysis software program
(NVIVO 9 ) was used to assist in coding the data. Earlier transcripts were also reviewed
4

to check if the coding was still valid and ensure consistency of the coding (Green et al.,
2007). Once the transcripts were coded and reviewed, the researchers independently
grouped similar ideas into categories. The final step involved the researchers
independently reviewing the categories and identifying emergent themes that may
explain the results (Braun & Clarke, 2006; Green et al., 2007). Quotations supporting
the thematic patterns were copied into separate documents. The two researchers then
met to discuss and agree upon the categories and themes identified, with any
disagreements resolved by a third researcher (JF), who also verified that the thematic
analysis was systematic and supported by the data. Qualitative data collection and
analysis was conducted before any knowledge of the quantitative statistical analysis to
ensure blinding of the researchers to the quantitative outcomes of the RCT.

QSR International Pty Ltd, 2nd Floor, 651 Doncaster Road, Doncaster, Victoria 3108,
Australia
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Step 1: Review of
transcripts

Step 2: Coding of
ideas

Step 3: Grouping
similar ideas into
categories

Step 4: Identifying
themes

Category

Theme

Category

Category

Theme

Category

Figure 7.1:

7.2.6

Thematic data analysis process (adapted from Green, 2007)

Researchers’ backgrounds

It is recommended that the personal characteristics of the researchers are presented to
minimise the influence of biases in qualitative research (Mays & Pope, 2000; Tong et
al., 2007). The primary researchers were PhD candidates with nine (AC) and seven (SS)
years of clinical experience providing physiotherapy services. The third researcher (JF)
was a musculoskeletal physiotherapist with a PhD and over 20 years of clinical
experience.
7.2.7

Rigour

A range of strategies was used to improve the rigour and confidence of the study (Mays
& Pope, 2000; Petty et al., 2012b). This qualitative study was conducted and reported
with consideration of the consolidated criteria for reporting qualitative research
(COREQ) checklist to maximise rigour and thoroughness (Tong et al., 2007). Other
strategies included verbatim transcription of recorded interviews, member checking,
independent coding by two researchers with disagreements resolved via a third
researcher, and the use of direct quotes from multiple participants to allow reader
interpretation of the thematic analysis. Collating data from different perspectives to
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cross-check interpretations or triangulate data can also be used (Petty et al., 2012b). The
interviews were conducted without the participants’ prior knowledge of the topics or
questions to allow the participants to form opinions and answers based on their initial
reactions. Credibility in the research was achieved by having clear and reproducible
methods of data collection and analysis. Disclosure of the researchers’ backgrounds can
also minimise the bias in their interpretation and presentation of results.
7.3 Results
7.3.1

Participants background and demographics

The participants with NRDP consecutively enrolled in the IFR program were
interviewed. Twenty-two participants (female = 13) were interviewed in this study, after
which data saturation was determined to have occurred and interviews were ceased. The
participants had a mean age of 42.2 (SD = 10.9) years and a mean duration of lumbar
symptoms of 11.5 weeks (SD = 7.0). The mean lumbar and leg pain at baseline on a 010 NRS was 6.2 (SD = 1.7) and 4.1 (SD = 3.2), respectively. Five participants did not
experience any leg symptoms at baseline assessment.
The average number of treatment sessions attended was 8.8 (SD = 2.2). One participant
withdrew from the study after the first session and did not want to be interviewed when
she realised that massage therapy was not provided as part of the treatment program,
despite being informed before giving her consent that neither treatment groups would
involve passive interventions. Other reasons that the participants did not complete all of
the sessions included work and personal commitments. Table 7.2 summarises the
characteristics of the participants.
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Table 7.2: Participant characteristics
Symptom

NRS –

NRS – Leg

(years)

Lx (0-10)

(0-10)

Ella

40

7

9

6

Withdrew

n/a

Charlotte

42

8

8

8

Work

Clinic

Chloe

43

5

0

6

Olivia

45

4

6

6

Time

Clinic

Emily

62

6

9

6

Work

Workplace

Jack

62

5

5

12

Time

Clinic

Lachlan

57

8

8

20

Clinic

Joshua

52

6

1

6

Workplace

William*

38

5

6

6

Clinic

Jessica

49

7

7

24

Thomas

47

3

6

18

Home

James

53

7.5

0

16

Clinic

Isabella

40

8

1

14

Clinic

Daniel

25

9

3

16

Clinic

Mia

34

4

0

8

Noah

38

6

0

8

Sophie

40

5

4

26

Sienna

35

7

2

6

Clinic

Amelia

38

3

3

6

Clinic

Ryan

21

8

6

24

Clinic

Grace

41

6

6

6

Clinic

Hannah

26

8

0

6

Clinic

Mean

42.2

6.2

4.1

11.5

(SD)

(10.9)

(1.7)

(3.2)

(7.0)

Pseudonym

duration Lx (wks)

Reason for

Interview

Age

missed session

location

Clinic

Time

Time

Workplace

Café
Home

Time

Clinic

* Interviewed by SS
Notes: NRS = Numerical rating scale, Lx = Lumbar, wks = weeks, SD = Standard deviation

7.3.2

Perceived outcomes of the program

The themes identified relating to the perceived outcomes of the IFR program were
grouped into positive, negative or neutral outcomes. An analysis of the transcripts
identified that the majority of participants reported positive outcomes following the
completion of the program (Figure 7.2). These positive outcomes were grouped into
several sub-themes: ‘symptom improvements’, ‘psychosocial improvements’,
‘functional improvements’, ‘knowledge acquired’ and ‘physical improvements’. Several
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participants also noted negative outcomes associated with the program. These negative
outcomes were grouped into the following sub-themes: ‘progress’, ‘lack of learning’
and ‘adverse effects of treatment’. Finally, outcomes that were considered neither
positive nor negative were grouped under neutral outcomes. These sub-themes are
discussed in further detail below.

Functional
improvements
Psychosocial
improvements

Knowledge
acquired

Symptom
improvements

Physical
improvements
Positive
outcomes

Outcomes of IFR

Neutral
outcomes

No negative
outcomes

Negative
outcomes

Lack of progress

Figure 7.2:

Adverse effects of
treatment

Themes derived from transcripts regarding the perceived outcomes

of the individualised functional restoration program for participants with nonreducible discogenic pain
Abbreviation: IFR = Individualised functional restoration

199

7.3.2.1 Positive outcomes - symptom improvements
The majority of participants reported a reduction or complete abolition in their pain.
‘I never expected after the 10 weeks to be pain-free on a regular basis and if I did
get some pain to be able to stop what I’m doing and just stretch it out. So I would
have thought it would have taken a lot longer than that. So um I was really
impressed by that’ (Amelia)
Some participants noted that their pain improved with certain activities, such as
sleeping.
‘Before I started the program, I would wake up, you know, a couple of times a
night with pain, being stiff and in pain, and I don’t do that anymore.’ (Sophie)
Other participants reported that their pain persisted, but that the frequency of the acute
exacerbations was reduced.
‘I haven’t had any episodes where it’s been really painful but I’ve, I’ve still got the pain is probably as persistent now as what it was when I started… ...without
being in the extremes’ (Noah)
7.3.2.2 Positive outcomes - functional improvements
Most participants identified functional improvements. These ranged from simple daily
activities, such as standing or walking for prolonged periods, to more vigorous
activities, such as glacier trekking.
‘Before, I couldn’t even walk from here to the front door over there…I’m walking
around the whole block. Um, and I can probably run from here to the front door
now instead of hobbling around…Yeah, get out more with the nephews and nieces
to play you know basketball in the backyard - nah, it’s been fantastic. I
acknowledge that.’ (Jack)
‘I can stand up for hours, mow the lawn 2, 3 times a week or you know without
stopping...I used to have to stop.’ (Lachlan)
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‘Go trekking up the San Francisco – what is it?...The San Francisco Glacier and
all around USA, so it was fantastic and I wouldn’t have been able to do that I
don’t think without the assistance I got from the program’ (Grace)
7.3.2.3 Positive outcomes - physical improvements
Following the completion of the program, the participants cited improvements in their
physical attributes, such as improved posture, improved body tone and weight loss.
‘Um, yeah to keep good posture because I didn’t really notice myself before...so
because I sit in the office like all day and I didn’t really notice that I have to
straighten like or, or go out for a walk and come back and I’m more well-aware
of that which is good.’ (Hannah)
‘I’ve toned up, I can stand up and my social life has completely changed. Better.’
(Lachlan)
‘Well I’ve lost weight…I can fit on me pants, which I aimed for.’ (Lachlan)
Improvements to their general physical fitness had positive flow-on effects for the
participants’ lifestyles.
‘Feeling better um physically has had, you know, um run-on effects to my whole
sort of lifestyle, like I’ve um been able to um do, do more around the house, um
I’ve modified some of the duties I do in a way so that I’m not aggravating my
back, um so that helped. Um, I’ve been able to get married, go on a honeymoon’
(Grace)
7.3.2.4 Positive outcomes - psychosocial improvements
Although the treatment of psychosocial issues was not a mandatory component of the
program, most participants reported improvements in their psychosocial status. Some
participants indicated an improvement in their general wellbeing, while others noted
that they were more motivated to increase their fitness.
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‘It was getting me down and down and down so I’ve found now that I know what
to do I’m happier…It’s improved that way so because I’m more positive…and
more willing and wanting to get better and…I’m not sort of yeah…laying there
down in the dumps saying yeah wish this would go away and not doing anything
about it so...I feel more positive knowing that there is improvement at the end of
it’ (Charlotte)
‘I suppose it’s really made me more motivated to, to develop a better level of
fitness.’ (Thomas)
Many participants commonly reported kinesiophobia or fear of particular movements
and activities that typically caused a flare-up. After completing the program, however,
there was a reduction in the participants’ fear.
‘Doing exercises but when I first started it was fear of the pain but now it’s like a
new body.’ (Jack)
‘It’s mainly the fear thing I think - that’s been the biggest help. And um yeah just
working towards how to do things without knowing that it’s going to make it a lot
worse, you know’ (Olivia)
The participants’ reduction in fear was possibly due to their increased confidence and
empowerment to deal with the aggravation.
‘I guess I found it empowering in that it, it gave me the ability and the tools I
needed to help myself get better.’ (Grace)
‘The confidence that you guys gave me plus.. I keep using the same, don’t I,
reassurance...and the knowledge has helped give that overall um chinup...Positive attitude.’(James)
7.3.2.5 Positive outcomes - knowledge acquired
Empowering participants through the use of educational material about their LBP was a
very important component of the program. Although many participants identified the
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overall education as helpful, others cited specific aspects, such as the diagnosis and
awareness of aggravating activities.
‘In the first couple of weeks to, with basic pictures, with verbal description,
what’s happening, what is – what we think is causing that and this is the way
we’re going, the road for this 10-week scenario type thing. So, as I said, a capital
R for reassurance, the knowledge, the basic knowledge and then utilising the
basic concept of the exercises to incorporate that into this basic, overall picture
of, of um progressing through and improving your, your back’ (James)
‘I suppose just understanding how my spine worked. Yep. Um, purely just cause
I’m playing soccer just to know why, why it happened basically...’ (Ryan)
‘Learning warning signs which I hadn’t really been aware of - um trigger factors
and, and bending correctly and um picking things up properly.’ (Grace)
‘Just probably total awareness. I, I think because um in the program, there was
um the information sheets handed out, that just reinforced what you were doing you weren’t walking away with just the treatment, you were walking away with
information each time.’ (Joshua)
7.3.2.6 Negative outcomes – lack of progress
A small group of participants noted some negative outcomes associated with the
program. These included frustration with the time taken for their condition to improve.
‘I could, I can manage the time factor as long as I was progressing… But I wasn’t
progressing so I got frustrated with it.’ (Emily)
‘Yeah, I - I probably myself, because I want things I move quicker and wanted
things and I thought it would be quicker than...where I’m at now...but now I do
understand why it, it’s a 10-week program and how you do it, and slowly and...yes
(Charlotte)
7.3.2.7 Negative outcomes – adverse effects of treatment
The adverse effects were the other commonly cited negative outcome. These could be
grouped into four classes: taping, non-steroidal anti-inflammatories, comorbidities and
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flare-ups. Several participants reported an allergic response to the taping, even though it
had improved their symptoms.
‘I mean I like that tape sometimes gave me a rash and I had to take it off.’ (Mia)
‘I only had one issue where um - I was getting taped initially which I thought was
fantastic…and I actually – I took the tape off then I jumped into a really hot
shower so I actually um - and then we happened to have a family friend who’s a
dermatologist and he said oh well obviously you jumped into a hot shower after
you took the tape off, which is what I’d done, so and I just mentioned it to Nathan.
He said just to, you know, to wait about an hour after you take the tape off and
because I’d been taped for about 4 or 5 weeks… …And I’ve still got some dots
there now but it’s not an issue.’ (Amelia)
‘I couldn’t do the taping because I ended up with a massive big rash on my back’
(Olivia)
Non-steroidal anti-inflammatory medications were used to control the inflammation.
However, stomach irritation, a precursor to ulceration, was a side effect of NSAIDs and
was commonly cited by the participants (van Tulder et al., 2000).
‘Um, oh, one is about medicine I think. Because, you know, the first time I took
the, the Voltaren...Yeah, I got a stomach ache…Because it was too much,
because Nathan said I should take 2 in the morning, 2 in the evening but actually
it was too much for me…So - but then the second time I took it I only took in 2 in
the morning and 1 in the evening...which is all right for me…Yeah but actually it
helps though, because the anti-inflammatory actually stopped it at first, so and
the, and the Nurofen also makes (laughter) me very drowsy.’ (Hannah)
Several participants noted that the program had a negative effect on their pre-existing
comorbidities. For one participant, the IFR program irritated their pre-existing shoulder
condition. The program was thus modified to take the pre-existing comorbidity into
account.
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‘Oh a couple of the programs I was doing I couldn’t, couldn’t manage because I
got problems with me shoulder my shoulders…Some of the exercises yeah, yeah
so I bypassed a couple of them…Modified and keep them out, yeah (Lachlan)
Another participant developed some shoulder symptoms, which were initially thought to
be due to the program. However, on further investigation, the participant was diagnosed
with early-onset Parkinson’s disease.
‘Just before getting the bronchial pneumonia, I had a - I thought I’d, I’d
exacerbated a shoulder injury and…got a tremor in my shoulder. I think it was
Mark that picked it up as not being quite what he anticipated it should have been
and um I went and saw a GP who immediately referred me to a neurologist, um
got in and ended up being diagnosed with early-onset Parkinson’s.’ (Grace)
The participants commonly described an aggravation in their condition or flare-ups
during the IFR program. However, not all of the flare-ups described were a result of the
program and many participants identified external activities as the cause.
‘Um I haven’t had any back pain for a while, I had a flare-up in the middle of the
study but that’s because my boyfriend had hernia surgery so I was like lifting him
basically out of bed and that kind of flared it up.’ (Mia)
‘Probably the only barriers was a little bit of re-occurring where I exerted myself,
you know, where I thought I was pretty well and, and, and um gone and attempted
a, a lot of things that I probably shouldn’t of, you know um sort of thing whereas
you thought you were on the right path and you were okay but, you know, it sort
of re-occurred a couple of times so it was a matter of stepping back at the end and
just going through the regime but that was the only thing which is self um...self-in
um...inflicted, yeah, yeah’ (Joshua)
7.3.2.8 Neutral outcomes – no negative outcomes
Despite these negative outcomes mentioned by some participants, an overwhelming
majority reiterated that there were no negative outcomes associated with the program.
‘No, I can’t say no that I have, no. Um, you, you know, like it hasn’t, it hasn’t
added to any pain, it, it’s, it’s only taken, taken away the pain so.’ (Thomas)
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7.3.3

Perceptions of the content and delivery of the program

The participants’ perceptions of the content and delivery of the IFR program can be
grouped into positive and negative perceptions. The transcripts showed that the majority
of participants had positive perceptions of the program (Figure 7.3). These could be
divided into several sub-themes: ‘physiotherapist’, ‘exercise’, ‘management skills’,
‘information and knowledge’ and ‘overall perception’. A small number of participants
also indicated negative perceptions about the program. These were grouped into the
following sub-themes: ‘program limitations’ and ‘difficulties with exercises’.

Management skills

Information &
knowledge

Exercise

Physiotherapist

Overall perception
Positive
perceptions

Perceptions of the
IFR program

Negative
perceptions

Program limitations

Figure 7.3:

Difficulties with
exercises

Themes derived from transcripts regarding the perception of the

content and delivery of the individualised functional restoration program for
participants with non-reducible discogenic pain
Abbreviation: IFR = Individualised functional restoration
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7.3.3.1 Positive perception - physiotherapist
While the physiotherapist was not considered a specific treatment of the IFR program,
many participants gave positive comments about their physiotherapist. The positive
attributes included the practitioners’ perceived high level of knowledge and experience.
‘But I’m very, very happy, I am – I can only – I can only say thank you
to Brandon. He has put me and has done this work with, ah me before this
program as well. So, yeah, that man knows exactly what’s going and what he’s
looking for, you know. He’s very, very good and is very experienced as well.’
(William)
The professionalism and motivational support provided by the physiotherapist were also
identified as important qualities.
‘I think um just um with um Tamara - very motivational um physio...um very
complimentary um sort of thing. Her um, her work ethic and her approach was ah
very professional um sort of thing…So that, that was a good driving force because
you wanted um to see some results because she, she was putting in a lot of ah
work with you.’ (Joshua)
The participants furthermore valued the way that their physiotherapist provided
additional support and assistance where necessary.
‘The physio there on-call...he - even to call him if I needed to ask a question or
whatever, it was just perfectly run’ (Sophie)
‘Brent always ask me, when he make the appointments, um he always looked for,
for a, for a date that it ah was suitable to me.’ (Chloe)
7.3.3.2 Positive perception - exercise
Exercise was integral to the treatment program. Many participants found that specific
retraining of the lumbar motor control muscles was an effective way to improve their
LBP.
‘I guess it’s given me the complete set of tools to um improve on my core
stability.’ (Noah)
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‘The um breathing exercises because I think was one of the most important
concepts; very simple and very effective, and it’s just continue on utilising - it’s,
it’s, it’s my tools now’ (James)
‘So that, so that if I do feel, you know, numbness coming on in my leg or some
pain or something like that, what I do is put myself into a comfortable position
and, and really tighten up those muscles and things like that, and the relief is
almost instant; it’s really quick. I, I can deal with these sorts of things without
diving for painkillers.’ (Thomas)
For some participants, the motor control exercises were not an entirely new concept as
they had previously heard about them or been taught to activate their deep lumbar
muscles.
‘I guess because that – because that wasn’t new, that message was a second time
around, it was easier for me to grasp. You hear something once and you’re
sceptical. You her something twice...you know, from a completely different source
you tend to believe it and give it a lot more credibility. So I think that was actually
quite important for me.’ (Noah)
‘When he gave me a lot of the stomach exercises…That’s a skill - I’d sort of
known about them anyway but that’s a skill that, you know, I still practice these
days and how they control...the muscles of the back and stuff; and, you know,
I...yeah, I didn’t realise that so much so, yeah so that’s a good skill to, you know,
learn and an easy one to do so.’ (Sienna)
The ease of incorporating the lumbar motor control exercises into the participants’ daily
activities was also important.
‘Respecting the little, tiny exercise, no matter how simple it might be like stepping
up, so if you’re going upstairs in an office, you can utilise that little tool. The
breathing exercises, as I said you go the shopping centre and you breathe.’
(James)
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However, some participants found it difficult to access equipment for certain functional
exercises (Section 5.3.6). Where it was not possible to purchase equipment or join a
local gym, novel solutions were devised.
‘I don’t have weights. I went home and just used a wine bottle but they’re - I mean
they’re the sort of the equipment barriers...’ (Noah)
7.3.3.3 Positive perception – management skills
The participants regularly identified the self-management skills taught as an important
component of the program (Section 5.3 and 5.4).
‘Tamara’s taught me how to pace myself...’ (Grace)
‘Learning the posture, certain postures and things, um has been really, really of
great importance to me so that’s something I will continue to do to take with me
from the program.’ (Grace)
‘I learn whatever, for lifting, for bending, even small part you know, um like how
to lift from the floor you know.’ (William)
The participants also found that recording exercises and keeping a journal were
important tools that were taught through the program.
‘It’s good to have a sheet to record your exercises...that table, it was good, I
formed a habit...writing things down and know where you are going. The aims
yeah, like how many times you have to do lifting, and stepping’ (Hannah)
‘Keeping the journal was really important. So um and what I did was even before
I started the gym program, um I actually kept a journal just each day how my pain
was so, so when I sort of came back to Nathan the final week I was able to say on
this day I had this pain for this long and, and then things like that. So I actually
found that really beneficial.’ (Amelia)
7.3.3.4 Positive perception - information and knowledge
In addition to the self-management strategies, most participants found that the
information provided and knowledge taught were important.
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‘The general knowledge about it all; knowing exactly what the...what had
happened and the information and exactly what it is. Like it’s not just a strain, it’s
an actual – yeah…Disc injury and things like that. So that was really good to...to
understand it better, I suppose.’ (Charlotte)
‘I found it quite educational. I um I found the information to be um really helpful,
really - I learned a lot during it and ah it um all made sense. Everything that I
was doing and everything, you know, that I was asked to do and shown to do, it
all made sense and I understood why it was happening, yeah. So it - yeah
I thought it all married in very well together.’ (Sophie)
Some participants also commented on the quality of the information and knowledge
gained from the trial compared to that provided by previous health practitioners.
‘The explanation what I exactly had because...before going to Christopher ah
when the injury first occurred, I went to an osteopath but he didn’t really
understand what is that and how, you know, and he didn’t really help.’ (Isabella)
‘It was more of a learning thing for me. I mean like I’ve had lots - I’ve had
acupuncture, I’ve had physio, I’ve had um Osteo, um you know I mean and so to
me I wanted to sort of learn things so I don’t have to keep walking in and having
treatments all the time.’ (Olivia)
The information sheets were integral to impart information to the participants. These
sheets were discussed with the participants and reinforced the strategies taught.
‘Well, he gave me notes which I think I could read it on my own but, but when he
explained to me how to do the exercises, I think that was really good.’ (Jessica)
‘The instructions were really good because there was pictures of it um and Timothy he wrote everything down, you know, so all I had to do was look at the
picture and go – yep, okay, I know I’m doing this squat and I have to do it this
many times.’ (Sophie)
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‘You know, um his first time give me some information before for how to make ah
stronger muscles around my back or whatever but and when he’s put me in the
program you learn proper, everything, you know, from A to Z, you know’
(William)
Throughout the program, the participants were given the time and opportunity to ask
questions, which sought to improve their knowledge and understanding of their
condition.
‘Plenty of chances for asking questions. Um, Timothy so many times asked if I had
any questions.’ (Sophie)
7.3.3.5 Positive perception - overall perception
For the majority of participants, the overall perception of the program was positive, with
most valuing the structured common sense approach of the program.
‘I think it comes down to the common sense and the reassurance because after all,
you, you’ve got a person that’s hurt.’ (James)
‘Very well planned over the period of time and the steps were easy to understand
steps and were explained very well...’ (Joshua)
‘I just thought it was just really good, very well presented.’ (Sophie)
7.3.3.6 Negative perceptions - program limitations
Perceived limitations related to the length and frequency of the program. Some
participants felt that the length of the program and each session should have been
longer.
‘The only thing that I can say is that um make the, the um the classes a bit longer,
instead of half an hour...make it longer.’ (Chloe)
‘You should increase the time. Like if people a have half an hour appointment,
you should increase a little bit more.’ (Daniel)
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‘Probably make it around 15 weeks or something just to round it up a bit more.’
(Ryan)
However, one participant felt that the 10-week program was sufficient, with another
feeling that the frequency was a bit excessive.
‘I think that the fact that it went for the 10 weeks was excellent for me because
probably at about 5, 6 weeks I started getting a little bit sort of disinterested and
had I not had to come each week I may have dropped off then by myself’ (Amelia)
‘Level of frequency might be a little bit too – could be too much’ (Noah)
Another common negative sub-theme related to the content of the program. Some
participants noted that excessive information sheets were provided in the initial stages
of the program. The participants also reported that there were too many follow-up
outcome measures.
‘I did find the first couple of weeks and the paperwork just didn’t get me started
or interested. I found it too long... and too time-consuming’ (Emily)
‘I could have looked at the sheet in a couple of minutes showed it and then gone
home and after about 10 minutes. You know what I mean? ... So I think that was a
bit of a waste of time.’ (Olivia)
‘The questionnaires, sometimes it’s a bit repetitive with the questions.’ (Hannah)
Moreover, due to the structure of the program, the participants felt that the rate of
treatment progression was too slow.
‘It took a little while to get started but probably um it was slow to ramp up um
just in terms of being given some exercises.’ (Noah)
‘Quicken things up a bit.’ (Emily)
One participant felt that towards the end of the program, the treatment became a bit
boring as no new treatment strategies were introduced.
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‘It got a bit boring towards the end because you’re walking and then you’re doing
the exercises at home and work and trying this and then once you’re in here there
wasn’t a lot to do.’ (Olivia)
7.3.3.7 Negative perception - difficulties with exercises
Although some participants found the program slow and boring, others required extra
time to master the motor control exercises.
‘It was very hard um but I learned to do it, you know, and that was good.’ (Chloe)
‘…that actually took me a little while to get and I was a bit surprised by that.’
(Amelia)

7.4 Discussion
7.4.1

Outcomes of the individualised functional restoration

This study showed that the participants with NRDP who were randomised into an IFR
program primarily reported positive outcomes and benefits. Some participants,
however, did note minor negative effects associated with the program.
In mixed methods research, it is important to assess whether the qualitative results
converge with the quantitative RCT findings (Shaw, Connelly, & Zecevic, 2010). The
primary outcomes of interest from the RCT were pain intensity (back and leg) and
activity limitation, as measured on the NRS and Oswestry, respectively. In Chapter 6,
the outcomes at the completion of the IFR program (10 weeks) showed a significant and
clinically meaningful improvement in all primary outcome measures (Table 6.19 and
6.22). These findings were consistent with the views of the majority of participants who
reported benefits relating to functional improvements and symptom reduction. Table 7.3
demonstrates the convergence of the qualitative and quantitative findings on the primary
outcome measures. As the interviews were conducted at the completion of the IFR
program, only the quantitative findings at 10 weeks have been presented.
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Table 7.3: Comparison of quantitative and qualitative analysis findings of
participants presenting with non-reducible discogenic pain
Outcome
measure

Qualitative findings

Quantitative RCT
findings
[mean within-group
difference (95% CI)]*

Back pain
(NRS)

Participants felt that their pain had
improved as a result of the IFR program

-2.6 (-3.3 to -1.9)

Leg pain
(NRS)

Few participants specifically cited
improvements in their leg pain

-2.5 (-3.3 to -1.8)

Activity
limitation
(Oswestry)

Most participants reported improvements
in their activity functioning, irrespective
of symptomatic improvements

-12.4 (-15.9 to -8.9)

Abbreviations: CI = Confidence interval; NRS = Numerical rating scale; IFR =
Individualised functional restoration
*

Findings at the completion of the 10-week IFR program compared to baseline. All
figures were statistically significant at program completion.

Although the IFR program was primarily developed to improve pain and physical
functioning, many participants reported improvements in other areas. These included
psychosocial improvements, ranging from improved general wellbeing, increased
confidence and motivation, to a reduction in kinesiophobia. These changes were
consistent with the RCT findings which found significant improvements in the
psychosocial profile of participants at the completion of the IFR program compared to
baseline, as measured on the Örebro musculoskeletal pain screening questionnaire
(mean within-group difference = -29.3, 95% CI: -36.1 to -22.4). The results of this
qualitative study helps to identify which psychosocial factors changed in participants,
rather than the limitation of a single Örebro score. The convergence of qualitative and
quantitative psychosocial findings further supports the RCT conclusion that an IFR
program is a more effective treatment option for people with NRDP than guidelinebased advice.
The qualitative results demonstrated various perceived benefits from the IFR program
that were not captured by the RCT. Many participants reported additional physical
improvements, such as improved posture, weight loss, increased fitness, greater muscle
214

tone and a more active lifestyle. A systematic review identified similar outcomes as a
result of functional restoration programs for LBP (Poiraudeau et al., 2007). While these
additional improvements could have been incorporated into the follow-up
questionnaires, they would have increased the burden on the participant to complete
more questionnaires. This may have resulted in a higher proportion of missing followup outcomes. As a result, it was not feasible to use only standardised outcome measures
to capture all outcomes valued by the participants. The use of a mixed methods
approach allowed the participants to discuss outcomes that they value, which could then
be integrated with the standardised outcome measures, creating a more comprehensive
and valid conclusion (Mengshoel, 2012).
Although the majority of participants reported positive outcomes, some participants did
report adverse effects. For example, while the lumbar spine was taped to assist with
inflammation control, several participants experienced an allergic response to the tape’s
adhesive. This finding was consistent with the results of the RCT, where 17 participants
(34%) reported an adverse event related to taping (Table 6.27). Other musculoskeletal
trials utilising tape as a treatment modality reported a similar finding (Carda, Invernizzi,
Baricich, & Cisari, 2011; Radford, Landorf, Buchbinder, & Cook, 2006). A recent
retrospective study assessing the adverse events from a physiotherapy functional
restoration program for lumbar disc herniation with associated radiculopathy did not
find any adverse taping events even though taping was used with selected participants
(Hahne, Ford, Hinman, et al., 2011). Similarly, a recent systematic review assessing the
effectiveness and adverse events of physiotherapy functional restoration programs did
not identify any adverse taping events (Richards et al., 2013). In this systematic review,
however, the application of tape may not have been included as a treatment strategy in
the reviewed programs. Despite the conflicting findings, more adverse events were
recorded by the physiotherapist in the clinical notes compared to the participant in the
interview. This discrepancy may be explained by the poor recall ability of the
participants compared to the physiotherapist documenting the adverse event
immediately. Similarly, the response to tape may have been only minor, so the
participant did not identify it as an adverse event.
The participants also reported adverse reactions to the use of NSAIDs, which is
consistent with the findings from the RCT where six (12%) participants documented
stomach irritation due to medication use. Non-steroidal anti-inflammatory medications
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are associated with gastrointestinal events, with up to 40% of users experiencing
gastrointestinal symptoms, such as gastroesophageal reflux or dyspeptic symptoms
(Sostres, Gargallo, & Lanas, 2013; Wehling, 2014). A recent systematic review,
however, found that adverse events were not more prevalent in people using NSAIDs
compared to the placebo (pooled relative risk = 1.04, 95% CI 0.92 to 1.17) (Enthoven et
al., 2016). Although measures were put in place to minimise the risk of side effects
(Section 6.2.9), it was difficult to eliminate the side effect risk of NSAIDs for all
participants. The adverse side effects experienced by participants may be minimised by
closer liaison with the participant’s treating general medical practitioner.
Some participants noted a lack of progress as a negative outcome of the program.
However, this was not the view of the IFR group as a whole. A review of the global
rating of change score and the satisfaction with treatment results showed that many
participants felt ‘much improved’ and ‘somewhat satisfied’ with the results of their
program (Table 7.4). A recent study demonstrated that people with LBP required an
improvement of ‘much better’ on a perceived global change for the intervention to be
considered worthwhile (Ferreira, Ferreira, Herbert, & Latimer, 2009).
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Table 7.4: Global rating of change score and satisfaction with treatment results at
the end of individualised functional restoration program (10 weeks)

Global rating of change
score

Median (25th to 75th
percentile)

Scale legend

2.0 (2.0 to 3.0)

1 = Completely recovered
2 = Much improved
3 = Slightly improved
4 = No change
5 = Slightly worsened
6 = Much worsened
7 = Vastly worsened

Satisfaction with treatment
results

7.4.2

3.0 (3.0 to 4.0)

0 = Very dissatisfied
1 = Somewhat dissatisfied
2 = Neither satisfied nor
dissatisfied
3 = Somewhat satisfied
4 = Very satisfied

Perceptions of the content and delivery of the program

The study showed that the participants perceived the content and delivery of the IFR
program positively. The participants felt that the program was well structured and
followed a common sense approach. They were positive about the information and selfmanagement strategies taught, and the motor control training incorporated into a
graduated exercise program. Many of the participants furthermore felt that the attributes
of their treating physiotherapist were an important component of their rehabilitation.
Despite the overwhelmingly positive perception, several participants identified some
limitations, such as the length and frequency of the program. These minor negative
perceptions can assist in refining the program in the future.
The provision of exercises, such as specific motor control retraining of the deep local
trunk muscles, formed one of the primary treatment components of the IFR program. As
discussed in Chapter 5, these muscles contribute to the control of the lumbopelvic
region via its effects on intra-abdominal pressure and fascial tension (Barker et al.,
2006; Hodges, Kaigle Holm, et al., 2003; Hodges, Martin Eriksson, Shirley, & C
Gandevia, 2005). The precision required to isolate the muscles is complex, requiring
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positional and instructional considerations, and monitoring of trunk movement
(O'Sullivan, Twomey, Allison, Sinclair, & Miller, 1997; Standaert et al., 2008; Urquhart
et al., 2005). Although many of the participants found it relatively easy to isolate the
deep trunk muscles, some people with LBP require 4-5 weeks of training to accurately
co-contract them (O'Sullivan, Phyty, et al., 1997). Some participants noted initial
difficulties to activate and isolate the deep trunk muscles. However, all participants
were able to contract these muscles accurately by at least the halfway point of the 10week program. The improvements may be due to the physiotherapist utilising various
strategies known to help the learning and mastery of this motor skill, including specific
postures, diaphragmatic breathing, visual correction, specific verbal instructions, and
manual facilitation (O'Sullivan, 2000; Richardson, Jull, Hodges, & Hides, 1999;
Standaert et al., 2008). While some participants found it initially difficult, they were
nonetheless able to progress and incorporate the motor skill into their activities of daily
living. This was consistent with the recommendations by various authors (O'Sullivan,
2000; Richardson, 1995; Standaert et al., 2008).
While the participants cited exercises as an important component of the IFR program,
the multi-modal nature of the treatment was highly valued. The participants regularly
identified a combination of treatment components, such as education, exercise, and selfmanagement skills that assisted them in their rehabilitation. This multi-modal
management approach is common in clinical practice (Gracey et al., 2002; Jull &
Moore, 2010; Liddle et al., 2009). The biopsychosocial model of illness has become the
recommended approach for clinicians and researchers to deal with LBP due to its multidimensional nature (Weiner, 2008). Therefore, treatments that target only one
dimension are unlikely to be effective for the treatment of NRDP (Jull & Moore, 2010).
This study provided preliminary support for the use of multi-modal interventions to
manage people with NRDP in clinical practice.
Many of the participants indicated that their physiotherapist was key to their positive
perception of the program. The professionalism and expertise of the physiotherapist
resulted in the participant feeling positive about the program. Other studies have
similarly attested to the influence of the physiotherapist, where the professional manner
inspired confidence and the participants felt positive about the physiotherapist’s
knowledge base, thoroughness and skills (Cooper et al., 2008; May, 2001). The
physiotherapist’s friendly attitude, empathic nature and ability to put people at ease
have been identified as important (Cooper et al., 2008; Liddle, Baxter, et al., 2007; May,
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2001; Slade, Molloy, & Keating, 2009a). Improved communication between the treating
practitioner and patient can contribute to the development of a trusting relationship
(Verbeek et al., 2004). Such a relationship is critical to the patient’s engagement in their
rehabilitation program and has been termed a ‘partnership in care’ (Slade et al., 2009a)
or a ‘consultative process’ (May, 2001).
7.5 Strengths and limitations
A major strength of the study was the range of strategies used to maximise rigour.
These strategies included verbatim transcription of recorded interviews, member
checking, independent coding by two researchers, use of a third researcher to resolve
coding disagreements, and the use of direct quotes from multiple participants to allow
reader interpretation of the thematic analysis (Mays & Pope, 2000; Petty et al., 2012b).
An additional strength was having consecutive participants interviewed until data
saturation was reached. Conducting interviews shortly after the completion of the IFR
program minimised recall bias (Althubaiti, 2016). The triangulation of data from this
study and the RCT furthermore allowed for a more comprehensive conclusion to be
drawn. Without the mixed methods approach, the additional benefits of the IFR
program described by the participants would not have been captured due to the limited
number of standardised outcome measures chosen for the RCT.
This study had several limitations. Firstly, two different researchers conducted the
interviews. If the primary researcher (AC) treated one of the participants, a secondary
researcher (SS) who was not involved in the provision of the participant’s treatment
conducted the interview (Table 7.2). The decision to use two different interviewers
attempted to minimise observer bias and the effects associated with the primary
researcher. Semi-structured interview questions were created to ensure interview
consistency between the researchers (Table 7.1). Given that the interviewers were part
of the research team conducting the RCT, the participants may have been reluctant to
share with them their negative experiences of the program. However, as the participants
reported a combination of positive and negative experiences, it can be assumed that this
was not a significant issue. Finally, as the primary interest of the RCT was to evaluate
the effectiveness of an IFR program on people with NRDP, the experiences and
treatment perspectives of the participants in the advice group were not obtained.
Therefore, it is not possible to make comparisons between the two treatments based on
the participants’ perspectives.
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7.6 Conclusion
This study explored the experiences of 22 participants who completed the IFR program
as part of the RCT described in Chapter 6. It found that the participants valued the
exercises, skills and knowledge learnt during the program. Although not a specific
treatment component of the program, the participants also valued the professionalism
and skills of the physiotherapists involved.
The participants who completed the IFR program also identified a wide range of
positive outcomes that converged with the quantitative findings of the RCT. Compared
to a stand-alone study, the mixed methods approach thus provided a more
comprehensive and robust conclusion on the effectiveness of the IFR program. In
particular, through the qualitative study, psychological constructs such as self-efficacy
and personal control were elaborated on in more detail compared to the specific
psychosocial outcome measure (Örebro musculoskeletal screening questionnaire) used
in the trial. Future trials evaluating this multi-modal IFR program may further explore
the psychosocial effects identified.
Participants identified a small number of perceived negative outcomes. These included
the lack of progress with the program and adverse reactions to taping or NSAIDs.
Although minor, these negative outcomes may be reduced by involving the participant’s
general medical practitioner to assess the appropriateness of NSAID use. Creating
greater flexibility in the content and delivery of the IFR program so that the participants
with pre-existing skills can progress at a faster rate can also assist in minimising these
negative outcomes.
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CHAPTER 8: CONCLUSION
Low back pain is a condition often characterised by a persistent or fluctuating pattern
that affects a large number of people, placing a significant burden on society. The
identification of subgroups of LBP that are more responsive to a specific treatment
approach is one method to reduce this burden. Non-reducible discogenic pain is a
subgroup where symptoms thought to be putatively arising from the IVD do not respond
positively to MLSs. This thesis aimed to evaluate the effectiveness of an IFR program
for people with NRDP. It conduced three original research studies to achieve this aim.
This chapter summarises the research findings, discusses its contribution to the existing
literature and makes recommendations for future research.
8.1 Summary of findings and contribution to the literature
This thesis firstly evaluated the evidence for NRDP as a valid subgroup of LBP. It
evaluated the convergence of anatomical and pathoanatomical research, which
demonstrated that the IVD was a structure capable of causing pain. The literature on
RDP and NRDP was also explored to show that NRDP was a valid pathoanatomical
subgroup of LBP. Finally, it examined the evidence relating to the validity and
reliability of NRDP and its associated features. The thesis then presented the
development, rationale and implementation of an IFR program as a conservative
management option for people with NRDP.
A review of the anatomy and pathoanatomy of the IVD showed that the disc was a
structure with biological plausibility to cause pain. It demonstrated that the normal
morphological changes associated with ageing and disc degeneration had the potential
to progress beyond a certain threshold and render the disc symptomatic. The
hypothesised mechanisms underpinning this included the peripheral extension of radial
fissures, disruption of the vertebral endplate, autoimmune and inflammatory responses,
nerve ingrowth towards the nucleus along with increased density, and chemical
sensitisation of nociceptive afferents. The disc also exhibited the potential to heal via
similar processes observed in other tissues.
The biological plausibility of a symptomatic IVD suggested that subgroups of LBP
could exist within a discogenic pain population. Through a convergence of validity
approach, RDP was shown as one such subgroup. Biological plausibility and face
validity were demonstrated through the evidence of pathoanatomical mechanisms
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within the disc and a large multi-disciplinary survey, respectively. Centralisation as a
clinical feature of RDP was shown to have significant associations with positive
discography findings. Centralisation was further shown to predict greater decreases in
pain, better return to work rates and a lower likelihood for surgical intervention.
Moreover, centralisation was a better predictor of outcome than psychosocial markers,
such as fear-avoidance, depression, Waddell signs, pain behaviours and somatisation.
The validation of RDP provided sufficient evidence for the notion and subsequent face
validity of NRDP as another important subgroup of discogenic pain. However, there
was limited research on the validity of NRDP and its clinical features. Peripheralisation,
the opposite phenomenon to centralisation, has been proposed as a feature of NRDP.
Studies evaluating the validity of NRDP found that the presence of peripheralisation
correlated with positive provocative discography findings and discriminated NRDP
from zygapophyseal or sacroiliac joint pain. The inability to centralise has been found
to predict poorer outcomes in pain and function and have higher odds of psychosocial
issues, such as non-organic signs, pain behaviours, somatisation and fear of work. Two
studies evaluating the reliability of NRDP and its features found that the ability to
identify NRDP was moderately reliable and the inter-observer reliability to identify
peripheralisation was substantial. Although the findings of the individual studies may
not have provided sufficient support for NRDP as an important subgroup, the evidence
was strengthened when a convergence of validity approach was used.
Despite the evidence supporting NRDP as a subgroup of LBP, its clinical identification
has not been well established. Thus, consensus on the clinical features of discogenic
pain and NRDP was sought from a panel of international physiotherapists with expertise
in LBP using the Delphi technique. This expert panel study identified 10 discogenic and
nine NRDP features that reached the consensus level of 50%. The features identified for
discogenic pain and its underpinning mechanisms were commonly described in the
literature. These features included DP, centralisation, the presence of a lateral shift,
symptoms changing sides, having a postural preference, positive discography findings,
and a mechanism of injury associated with flexion, rotation or compression loading.
Sitting, coughing, sneezing and forward bending were also identified as aggravating
factors. The NRDP features that reached consensus included five features relating to the
failure of signs or symptoms to respond to the application of MLSs positively. The
presence of inflammatory processes could explain the features of constant pain and
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difficult to control symptoms. The symptoms made worse with MLSs could also be due
to inflammatory processes. The findings of this Delphi study converged with the
existing literature to provide further evidence for the validity of NRDP as an important
subgroup of LBP. It also formed the foundation to evaluate the effectiveness of specific
treatments for NRDP.
The limited clinical identification of NRDP has resulted in a lack of treatments
specifically designed to target this subgroup. Therefore, treatments that target the
hypothesised mechanisms underpinning NRDP were reviewed. The natural history of
NRDP was reviewed before the comprehensive evaluation of the treatments. It showed
that people with NRDP had a less favourable natural history compared to non-specific
LBP. The treatments evaluated found that although NSAIDs have demonstrated
superior effects compared to the placebo, intradiscal steroid injections showed no
significant differences compared with the control injections. Oral antibiotics
demonstrated promising results in a recent RCT. However, further studies are required
to validate its use in clinical practice. Although there were several invasive treatments
available, many failed to demonstrate significant differences compared to other
conservative or interventional management options.
Given the limited benefits of medical procedures for NRDP, functional restoration was
proposed as an effective conservative treatment option. Functional restoration has
demonstrated promising results in individual trials for people presenting with post-acute
LBP. However, the heterogeneity between the trials and the inadequate descriptions of
the sample populations and protocols could be the reason for the modest results on the
effectiveness of functional restoration. Given the pathoanatomical mechanisms and
poorer outcomes seen in people with NRDP, a modified functional restoration approach
with a greater focus on the pathoanatomical barriers to recovery has been suggested for
this subgroup. The opinions of physiotherapists were sought to identify other treatment
strategies believed to be effective in the treatment of NRDP. Four out of the top five
treatments identified by the panellists related to advice on various topics. The panellists
also identified exercise therapy, including functional restoration and pharmacological
management for the treatment of NRDP. The slower healing rates of the IVD justified
the inclusion of time as a treatment strategy for NRDP. These findings provided the
foundation for the development of an IFR program tailored for people with NRDP.
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Based on the results of the expert panel and a review of the literature, an RCT was
designed to compare the IFR program plus guideline-based advice to advice alone in
people with NRDP. A detailed IFR treatment protocol was developed and justified in
Chapter 5. This multi-modal program used a series of mandatory and optional treatment
components that could be consistently applied while maintaining flexibility to tailor the
treatment to the individual participants.
Chapter 6 presented the methods and results of the RCT. Ninety-six participants were
randomised into either IFR (10 sessions over 10 weeks) or guideline-based advice (two
sessions over 10 weeks). Fifteen physiotherapists with varying degrees of clinical
experience administered the treatment across 15 clinics around Victoria, Australia. Selfadministered outcome measures were collected at baseline, 5 weeks 10 weeks, 6 months
and 1 year after randomisation. The primary measures were back and leg pain (NRS),
and activity limitation (modified Oswestry Disability Index). Secondary outcomes
included the Sciatica Frequency and Bothersomeness scales, global rating of change,
psychosocial status (Örebro Musculoskeletal Pain Questionnaire), quality of life
(EuroQol-5D), interference with work, number of work days missed and three treatment
satisfaction scales. The results showed that participants, regardless of treatment
allocation, had significant improvements in pain and activity limitation from baseline
levels. However, people with NRDP who received the IFR program made statistically
significant and more rapid improvements at 10 weeks (all primary outcomes) and 26
weeks (activity limitation) compared to those receiving advice. The secondary outcome
measures supported these results. Long-term (1 year) follow-up, however, failed to
demonstrate significant between-group differences. As part of the a priori statistical
plan, an outcome responder analysis was conducted to assess the clinical importance
between treatment groups. It found that a larger proportion of participants receiving IFR
reached the dichotomised threshold across a range of primary and secondary outcome
measures. Compared to those who received IFR, the advice participants tended to seek
more treatments from other health practitioners. The additional co-interventions in the
advice group may have potentially inflated the improvements seen and minimised the
between-group differences observed on the outcome measures. Given that the protocols
utilised NSAIDs for the management of inflammation, the IFR group tended to take
higher levels of anti-inflammatory medication. This may have also accounted for the
number of participants reporting side effects associated with NSAID usage. Although
six participants reported temporary adverse events associated with anti-inflammatory
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medications, the most commonly reported event related to the taping of the lumbar
spine. The documented adverse events were not serious or long in duration. This
suggested that the IFR program was a relatively safe intervention for people with
NRDP. The consistency of the findings across different outcome measures provided
further support for the effectiveness of the IFR program compared to the guidelinebased advice for people with NRDP. However, replication of the trial with a larger
sample size would be needed to confirm the effectiveness of the program and ensure
that rare adverse events had not been missed.
Chapter 7 presented a qualitative study that was conducted concurrently with the RCT.
In this study, 22 consecutive participants were interviewed at the completion of the IFR
program. The aim was to explore their experiences concerning the outcomes, adverse
events and program content. Semi-structured interviews were conducted with
participants, which were then coded with key themes identified by two researchers. The
participants primarily reported positive outcomes and benefits that were consistent with
the RCT results. This included a range of physical and psychological improvements not
captured by the standardised outcome measures used in the trial. A small group of
participants, however, reported some negative outcomes, such as frustration with the
lack of or slow improvement, and adverse events related to taping, NSAIDs,
comorbidities, and flare up of their symptoms. The participants perceived the content
and delivery of the program positively. They valued the information and selfmanagement strategies taught and the motor control retraining that was incorporated
into a graduated exercise program. The multi-modal nature of the IFR program
mimicked the way that physiotherapists work in clinical practice. In addition to the
positive content of the IFR program, the participants noted that the professionalism and
expertise of their physiotherapist was an important attribute in the delivery of the
program. A small number of participants, however, noted some negative perceptions,
including limitations of the program and difficulties with the exercises. Despite these
negative experiences, the outcomes and perceptions were predominantly positive and
consistent with the quantitative findings of the RCT. This mixed methods approach
provided a more comprehensive and robust conclusion on the effectiveness of an IFR
program for people with NRDP.
In summary, this thesis contributed to existing literature on the identification and
conservative management of NRDP. Identifying homogeneous subgroups of LBP that
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are matched to specific treatments can potentially reduce the burden of back pain and is
considered a high research priority. The studies conducted in the framework of this
thesis attempted to address the existing gaps in the literature, by providing a clearer
pathway for the subgrouping and treatment of NRDP. Given the lack of a well-accepted
gold standard in LBP, the convergence of evidence from the existing literature and the
Delphi study provided the foundation to determine the presence of discogenic pain and
NRDP clinically. This approach was also replicated in the development of an IFR
program as a conservative management option specific for NRDP. An RCT and
qualitative study were used to evaluate the effectiveness of the developed program. The
results build on the existing literature on NRDP and provide evidence to support a
specific treatment approach in the form of an IFR program for people with NRDP.
8.2 Recommendations for future research
The studies presented in this thesis addressed several gaps in the literature on the
identification and management of NRDP. However, they also identified avenues for
future research.
Further studies into the clinical identification and validation of NRDP and its associated
features are needed. Despite the plethora of research on RDP, there is a lack of highquality studies investigating the validity of NRDP and its clinical features. The Delphi
study attempted to address this gap and identified several clinical features of discogenic
pain and NRDP that converge with the existing literature. As none of the features could
be individually considered diagnostic, an arbitrary threshold of four of the nine
discogenic features was used to determine the presence of discogenic pain and
subsequently NRDP. Further exploration of the composite tests may determine the
optimum threshold to differentiate a symptomatic IVD from other lumbar structures. It
is also possible that additional features may be incorporated into the composite test to
identify discogenic pain and assist in the identification of NRDP. Given the proposed
inflammatory mechanisms underpinning NRDP, research into the presence of
biochemical markers may also contribute to the clinical diagnosis of this condition. The
inclusion of imaging findings in the identification of NRDP may also be appropriate due
to the presence of inflammatory mediators in a vertebral endplate with Type I Modic
changes. Further research that builds upon and improves the homogeneity of NRDP
may improve the management of LBP.
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Further research could also refine the content and delivery of the IFR program for
people with NRDP. As a multi-modal treatment, the IFR program incorporated a sports
medicine physical approach to correct functional deficits. It also included strategies that
targeted the pathoanatomical mechanisms underpinning NRDP. Examples of such
strategies include motor control retraining in low through to high loads, inflammation
management, pathoanatomical education, taping and postural education. A range of
optional treatment components was provided depending on the barriers of the individual
participants. It was thus difficult to ascertain which components were most effective to
treat NRDP. Further studies exploring this topic would therefore be worthwhile, as
knowledge regarding the efficacy of each treatment component would assist clinicians
to tailor the IFR program to suit individual needs. However, it should be noted that a
combination of treatments would likely be required to treat NRDP, given its complex
multi-dimensional nature.
Future trials could consider alternative comparison groups. Guideline-based advice was
chosen as the control group in the RCT as it has been shown to be effective and has
been recommended by most guidelines for the management of LBP. Advice is also
commonly used in clinical practice. It is cost-effective and relatively easier to
implement compared to other treatments. To fully evaluate the effectiveness of an IFR
program, replication of the trial using other comparison treatments would be warranted.
Examples of other comparison treatments include usual care and placebo. Usual care is
often used as the control group in RCTs and incorporates care according to the normal
practice of the provider. However, it must be noted that usual care is typically variable
in content and effectiveness, and is therefore considered heterogeneous. The capacity to
develop a placebo that is inert and credible in complex LBP interventions is not
feasible, and thus it is difficult to implement in an RCT.
To draw more definitive conclusions, it would be worthwhile to replicate the RCT in a
fully powered study with longer follow-up timeframes. The requirements of the STOPS
trial bound the recruitment for the RCT and as a result 96 participants were enrolled
over a 3-year period. It was estimated that a sample size of 128 participants was
required to detect a minimally clinically important between-group difference of 10% on
the Oswestry Disability Index with a standard deviation of 20, using a power level of
80% and an alpha level of 0.05. This increased to 148 participants to allow a buffer of
15% for loss of outcome measures at follow-up. An estimated recruitment period of 5
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years is required to achieve this sample size. With adequate funding, it would be
feasible to replicate the trial in a sufficiently powered study. The replication of the trial
with longer follow-up timeframes would also provide a better understanding of the
healing and recovery of NRDP, and allow for the recurrence of back pain to be
adequately assessed. Chapter 2 discussed the healing process of the IVD and showed
that the scar tissue in the outer annulus can take several months to mature. This slow
remodelling may lead to a situation where the healing annulus is subjected to repeated
mechanical insults that further trigger inflammation and degeneration, which further
compromise the healing response. Although over 60% of IFR participants reported
being ‘much improved’ or ‘completely recovered’ within 6-12 months, longer-term data
would be useful to evaluate the healing process of the disc more comprehensively. The
minimisation of LBP recurrence has been proposed as a method to reduce the effects
and cost. A 24-month follow-up would therefore provide useful insight into the
proportion of people whose symptoms recur after making a full recovery.
The semi-structured interviews provided valuable insight into the participants’
perspectives. Although the retraining of specific motor control and the information
imparted were important, a small number of participants noted the excessive
information and difficulties with exercises as minor negative perceptions of the content
and delivery of the program. Future studies could investigate how the IFR program
could be improved to suit all participants. However, the balance between a structured
protocol for trial replication and the freedom to individualise the treatment for each
participant remains challenging. Given the aim of this thesis was to evaluate the
effectiveness of an IFR program in people with NRDP, it only assessed the opinions of
those undertaking the program. The experiences and treatment perspectives of those in
the advice group were not obtained, and between-group comparisons could
consequently not be made. Future studies could also evaluate the perspective of
participants receiving advice given that most guidelines recommend advice for the
management of LBP.
In summary, through the convergence of evidence, a case was made that NRDP is an
important subgroup of LBP. Individualised functional restoration appears to be a safe
and effective conservative treatment option for people with this condition. People with
NRDP who undertake an IFR program plus guideline-based advice experienced rapid,
more positive and clinically meaningful effects compared to those who received advice
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alone. However, a larger RCT would be required to generate definitive conclusions
regarding the treatment. Further research into the identification and validation of NRDP
and its clinical features, and the conservative management of NRDP, are thus needed
before full implementation in clinical practice.
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Appendix C: Participant information sheet for expert panellists

CLINICAL CRITERIA INDICATIVE OF, AND POTENTIAL
TREATMENT STRATEGIES FOR DISCOGENIC PAIN
UNRESPONSIVE TO REPEATED MOVEMENT BY AN
EXPERT PANEL SURVEY

School of Physiotherapy
Information Sheet
You have been asked to consider participating in our research project entitled "Clinical criteria indicative
of, and potential treatment strategies for discogenic pain unresponsive to repeated movement by an
expert panel survey."
This information sheet will provide some background information regarding the project and its
importance. It also details the requirements should you decide to participate in the research.
Background
Despite the various treatment approaches available, low back pain (LBP) remains a significant cost to
society and individuals (Andersson, 1999). This is possibly due the false assumption of LBP being a
homogeneous condition (Spitzer et al 1987, Riddle 1998, Petersen 1999, Fritz & George 2000).
Authorities on LBP have indicated the need for improved classification systems that can identify
homogeneous LBP subgroups more likely to respond to specific treatment (Spitzer et al 1987, Riddle
1998, Petersen 1999, Fritz & George 2000).
The lumbar disc is thought to be a common source of pain in low back problems. A body of evidence
exists supporting the existence of a subgroup of discogenic pain that responds to repeated and/or
sustained movements by way of centralisation of symptoms where distal pain is progressively abolished
(McKenzie and May 2003, Donelson et al 1997, Donelson 2004, Aina et al 2004, Long et al 2004). For
the purposes of our research we have labelled this subgroup discogenic pain responsive to repeated
movement (DRRM).
Although there is good evidence to support the validity of DRRM, prevalence figures range from 52%74% (Aina et al 2004, Long et al 2004). Therefore, other valid sub-groups of LBP are likely to exist.
Various authorities have proposed that discogenic pain which does not respond positively to repeated
movements may be such a subgroup. This potential subgroup is characterised by discogenic pain in the
absence of focal herniation and nerve root compression on imaging, and failure to respond to repeated
movement testing (Saal 1995, Crock 1986, O’Sullivan 2004, Peterson et al 2004). However, the clinical
identification of this condition remains controversial (Bogduk 1997) and there are no published
guidelines on how to treat discogenic pain unresponsive to repeated movements (DURM). Further
research into this category of disc related LBP is therefore required.
Purpose of the study
This study aims to bring together an expert panel of international physiotherapists/physical therapists
with extensive experience in LBP to identify clinical criteria that may be indicative of DURM as well as
potential treatment strategies. This project is the first step in a process of developing and validating a set
of criteria indicative of DURM.
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Participants
If you have received this form you will be an international physiotherapist matching at least one of the
following criteria:
i)
ii)
iii)

Coordinator of a musculoskeletal/manipulative/orthopaedic university-based and
credentialed physiotherapy postgraduate (fellowship/residency) program;
Certified McKenzie-based physiotherapist with a graduate diploma in Mechanical
Diagnosis and Therapy;
Clinical physiotherapist and researcher with research involving clinical assessment and/or
treatment methods for LBP.

To be eligible to participate in the study, you are required to be literate in English.
Potential participants have been chosen based the following methods:
• Musculoskeletal physiotherapy coordinator – randomly selected from universities internationally
which offer a post-graduate musculoskeletal (manipulative/orthopaedic) program with a clinical
component;
• McKenzie-based physiotherapist – randomly selected from the therapist locator in the McKenzie
Institute International website;
• Researcher – selected based on the highest number of publications on “back pain” over the past
10 years through Web of Science
Members of the research team completing this study are excluded from eligibility.
Participant requirements
This study will use the Delphi technique for gathering information and reaching consensus. This is a
method for systematically collecting informed judgments from a group of experts on specific questions or
issues (Reid 1988). The Delphi technique is used to allow free discussion of views without the influence
of personal status, to enable the alteration of personal views without peer knowledge, and to allow the
combination of many opinions into a collective response (Beech 1999).
The study will involve several rounds of questionnaires that will be completed by all participants. For
Round 1, you will be required to complete a preliminary questionnaire, sent via email, requesting a list of
criteria you believe to be indicative of, and treatment strategies for DURM. You will also be asked to
provide some demographic information. Upon receipt of all questionnaires, the researchers will collate
the responses and compile a list of panel-identified criteria for Round 2. Individual responses will remain
confidential and only summary data presented to the panel.
In Round 2, upon receipt of the list of criteria identified in Round 1, you will be required to rank each
criterion in order of importance and provide justification for your ranking.
In subsequent rounds, you will be sent the results from the previous round, and be given an opportunity
to re-rank the criteria in light of the other panel members’ opinions. Additional rounds will occur until a
minimum of 50% of panel members reach agreement on the criteria. Based on previous experience, three
rounds of questionnaires are usually sufficient to reach consensus.
The questionnaire will take approximately 30 minutes to complete. It would be expected that each
participant take no more than two weeks to return the questionnaire to the researchers. A further two
weeks would be required for summarising the responses received by the researchers before the
subsequent round’s questionnaire are issued. The total duration of the expert panel process would
therefore be expected to be in the order of 10-12 weeks.
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Concerns
The investigators, Mr Alexander Chan and Dr Jon Ford, will be available at all times throughout the
study.
You can also contact the Executive Officer, at the Human Research Ethics, University of Melbourne on
phone: (61 3) 8344 2073; fax: (61 3) 9347 6739.
Withdrawal
Participation in this study is voluntary. If you do not wish to take part, you are under no obligation to do
so. If you decide to participate but later change your mind, any unprocessed data may be withdrawn.
Confidentiality
After the collection of data through the iterations described above, all information will be aggregated and
no names will be identified. No findings that could identify you will be published and access to
individual results is restricted to the investigators. Confidentiality is subject to legal requirements.
Aggregated coded data will be stored for five years. All data and results will be handled in a confidential
manner, under guidelines set out by the National Health and Medical Research Council. The chief
investigator is personally responsible for maintaining this confidentiality. This project is subject to the
requirements of the University of Melbourne Human Research Ethics Committee.
How do I get more information?
If you would like more information about the study, or if there is any matter about it that concerns you,
either now or in the future, do not hesitate to ask one of the researchers.
To contact any of the researchers, please email Mr. Alexander Chan (a.chan17@pgrad.unimelb.edu.au)
or Dr Jon Ford (jonf@unimelb.edu.au). Phone contact can be organised via email.
About the researchers:
Mr Alexander Chan is a physiotherapist and clinical manager with experience in the management of
low back pain. He is currently completing his Masters (research) at The School of Physiotherapy, The
University of Melbourne.
Dr Jon Ford is a physiotherapist who has completed his Doctor of Philosophy and lectures at the School
of Physiotherapy, The University of Melbourne. His area of expertise is in the management of low back
pain and is also the General Manager of Spinal Management Clinics of Victoria.
Prof. Joan McMeeken is the Foundation Professor and Foundation Head of The School of
Physiotherapy at the University of Melbourne. She has undertaken extensive research into the
identification, prevention and management of back pain.
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Appendix D: Initial expert panel questionnaire

CLINICAL CRITERIA INDICATIVE OF, AND POTENTIAL TREATMENT
STRATEGIES FOR DISCOGENIC PAIN UNRESPONSIVE TO REPEATED
MOVEMENT BY AN EXPERT PANEL SURVEY

!
School of Physiotherapy
Initial Survey
Thank you for agreeing to participate in this study. Your expertise will make an invaluable further
contribution to our understanding of low back pain. We would be pleased if you could fully complete the
following questionnaire. The questionnaire should not take no longer than 20-30minutes to finish.
To complete the questionnaire electronically, click on the grey sections and type in your response. Once you
have finished, please save the survey and email it back to Alexander Chan at:
a.chan17@pgrad.unimelb.edu.au
We would appreciate your return of the questionnaire within two weeks of receipt.
Should you have any queries, please feel free to contact Mr. Alexander Chan, Dr Jon Ford, or Prof. Joan
McMeeken.

Demographic data
Gender:

Male

/ Female

Age:

Country:
Qualification(s):
Undergraduate:
Postgraduate:
Other:
Years of clinical practice:
Type of expert:

Postgraduate musculoskeletal physiotherapy coordinator
Qualified McKenzie physiotherapist
Clinical researcher
Other:

Work setting:

Please describe in words your average work setting over the past 12 month
% Clinical practice (private practice)
% Clinical practice (public system)
% Teaching
% Research
% Other:

Clinical load:

% Low back pain (LBP) patients

Patient Type:

% Acute LBP

% Sub-acute LBP

% Chronic LBP
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Questions
Question 1
Pain arising from the lumbar spine may be due to the lumbar intervertebral disc (Bogduk 1997). What features
(subjective, examination, radiological, etc) do you consider indicative of discogenic low back pain?
Please justify your answer. Insert extra sheets if you require more space.
Criteria

Justification

1

2

3

4

5

6

7

8

9

10

Proceed to Question 2
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Question 2

Disc herniation with associated radiculopathy is a well-defined subgroup of lumbar disc injury (Hart et al,
1995). Another well-documented subgroup is characterised by pain progressively being abolished in a distal
to proximal direction in response to repeated and/or sustained movements such as repeated extension.
(McKenzie & May, 2003).
In clinical practice, not all disc injuries may fit into these two subgroups. Do you consider that another
subgroup of disc related injury exists?
YES. Proceed to Question 2a.
NO. Please justify your answer. You are not required to complete the rest of the questionnaire.
Please email the questionnaire to: a.chan17@pgrad.unimelb.edu.au

Question 2a
What other subgroup(s) do you feel exists? Please justify your answer.
Subgroup

Justification

Proceed to Question 3
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Question 3

Various authorities have proposed that discogenic pain unresponsive to repeated movements (DURM) may
be another subgroup of disc related injury. This has been described as discogenic pain in the absence of focal
herniation and nerve root compression on imaging, and failure to respond to repeated and/or sustained
movement testing such as repeated extension (Saal 1995, Crock 1986, O’Sullivan 2004, Peterson et al 2004).
However, the clinical identification of this condition remains controversial (Bogduk 1997).
Please list, with justification, the criteria that you believe to be indicative of DURM. Insert extra sheets if
you require more space.

Criteria

Justification

1

2

3

4

5

6

7

8

9

10

Proceed to question 4
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Question 4
There are no clinical guidelines on how to treat DURM. Please list, with justification, the type of treatment(s) you
believe is effective in patients with DURM.
Please attach extra sheets if you require more space.
Treatment

Justification

1

2

3

4

5

6

7

8

9

10
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Please include any further comments or queries that you have below.

Thank you again for your participation in this research project.
The research team is extremely grateful for your time and your expert advice.

244

Appendix E: Features of discogenic low back pain excluding the data from
McKenzie therapists
% Expert
Feature

Acceptance

1. Presence of a lateral shift
2. Directional Preference (including centralisation and
peripheralisation)
3. Symptoms aggravated by sitting
4. Discogram is positive for pain provocation, epidural is not
helpful, and facet injection is not helpful
5. Incident associated with flexion/rotation and/or compression
loading
6. Postural preference (e.g. slouched vs. erect posture)

90

7. Symptoms aggravated by forward bending

60

8. Aged 25-45 years old

50

9. Heavy manual work with sustained postures

50

10. May have radicular symptoms
11. Pain behaviour provoked and relieved by movements or
postures
12. Pain changing sides of the lumbar spine

50

13. Symptoms aggravated on cough and/or sneeze

50

80
80
70
70
60

50
50

245

Appendix F:

Features of non-reducible discogenic low back pain excluding the

data from McKenzie therapists

% Expert
Feature
1. There is no position and/or movement that reduces the
symptoms in a lasting way
2. No centralisation of symptoms with any position or
movement(s) in a lasting way
3. Peripheralisation of symptoms with all loading strategies,
including repeated movements and sustained positions
4. Positive discogram finding
5. Symptoms difficult to control
6. Constant pain symptoms
7. Increase in symptoms with all loading strategies: that is, all
movement directions
8. There is no effect of loading strategies on presentation. I.e.
repeated movements, sustained positioning, or posture
9. This is not necessarily a single entity. There may be many
reasons why pain arising for a disc is not responsive to repeated
movements
10. Disabling pain
11. Instability due to disc degeneration
12. May respond to anti-rheumatic medication
13. Severe or substantial pain

Acceptance
100
90
70
70
70
60
60
60
60
50
50
50
50
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Appendix G: Taping protocol

The following protocol should be followed with taping. This protocol had been
reproduced from the STOPS treatment manual
•

Tape with the participant standing in a comfortably upright position. In
participants with an excessive lordosis, rigid tape should be applied in 10-20
degrees of lumbar flexion to ensure tape is not overly tensioned (resulting in
tape dislodging when the participant puts on their shoes)

•

Check the skin area to be taped. Do NOT apply or re-apply tape over broken or
damaged skin.

•

Apply skin prep (e.g. comfeel) to the area to be taped

•

Apply non-allergic tape (e.g. fixomul, hypafix) first, in all cases

•

Apply rigid strapping tape over the non-allergic tape. Ensure there is no rigid
tape in direct contact with the skin.

•

Tape should be applied in three strips, one vertically along the spine from T8 to
S2, and two diagonally (approx. 35 degree angle) from T8 to the opposite PSIS.

Tape weaning should be achieved firstly by reducing from three strips to one central
strip (do once only). Participants should be weaned off the tape in accordance with the
taping flowchart (see following page).
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Appendix H: Exercise chart completed by participants in the functional
restoration group as a record of exercises completed

EXERCISE PROGRAM SHEET
Name: ______________________________________________

Page number: ______________

* Please do each exercise with control and remember to activate your stabilising muscles at all times.
DATE

Treadmill

Step ups

Bicep
Curls

Forward
Raises

Side
Raises

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
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Appendix I:

Electronic notes – day 1

Participant ID number:
Participant ID:

2

(please also insert this on header on each page)

SESSION ONE
Date of session:

Details of DNA / cancellations prior to this attendance?

Brief overview of STOPS trial

History and listening (to maximise a personalised explanation)
Complete a detailed body chart (clear all areas, ask relationship question, consider potential structures
underlying pain area or that could refer) and put in the participant file
Detailed mechanism / history of onset of symptoms (refer back to this during later explanations):
History of other treatment / consultations in the past plus results / recommendations (refer back to this during later
explanations:

Baseline asterisks (list only those related to the LBP): Refer back to these during flare-ups etc.
Work status (mandatory to record: hours and duties):
Medication type, dose (if known) and number per day:
Night waking frequency:
Getting out of bed frequency:
tolerance before P2:
tolerance before P2:
Current resting back pain out of 10:
Current resting leg pain out of 10 (if applicable):
Other subjective asterisk name and score:
Other subjective asterisk name and score:
Extension in standing P1:
Other examination name and P1 range:
Other examination name and P1 range:
Other examination name and P1 range:
Other examination name and P1 range:

Presence of inflammation – refer to inflammation flow chart
Inflammation present (Yes/No):
(At least 2 of: constant symptoms, GOOB at night due to the pain, AM symptoms > 60 minutes)
Response to repeated movements
Check if there was a positive response to repeated movements at the baseline assessment:
o Yes
State mechanical loading strategy that produced the positive response (eg. EIL)
o No

For any questions on the NRDP treatment, please contact Alexander (0431 789 237), or Jon Ford (0422 244 183)
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Participant ID number:

3

Session 1 treatment components (mandatory components underlined)
NRDP diagnosis explanation (participant handout):
Treatment options (participant handout):
Program timeframes and expectations (Info Sheet)
Ensure the participant is engaged with the program. Ask “how does that sound to you?”
Taping
Management of inflammation (if inflammation positive):
o Inflammation (Info Sheet)
o NSAIDs - a minimum of Voltaren Rapid 25mg (100-150mg per day in 2-3 doses):
(Progress to prescription based on clinical judgement)
o Walking to P1 2-4 times per day for 5-30 minutes and increase intensity beyond 2 x 30 minutes:
Implementation of DPM (if no inflammation, and positive response to repeated movements at baseline)
o Direction preference management for NRDP (participant handout)
o Walking program (4 times per day, 10-15 minutes):
Posture (participant handout, cover today only if time)
Ask for and answer any participant questions:
Note any other comments or deviations from standard protocol and reasons (eg. flare-up):

Post treatment
Record any adverse events (describe as mild, significant or serious) that occurred during or between the
#
session(s) :

Planning for next session
Homework prescribed with written clear instructions using Info Sheets:
All Patient Info Sheets and written instructions placed in the STOPS Participant Folder:
Remind participant to bring STOPS Participant Folder to next session:
Take the participant to reception and book in 3-5 days post Day 1:

Other comments:
A “minor adverse event” refers to any symptom or event reported by the participant that may potentially be related
to the intervention including short-term pain associated with exercises.
A “significant” adverse event is any symptom or event potentially related to the intervention that interrupts the
participant’s ability to continue with the RCT intervention, or requires the participant to be referred to a medical
practitioner. This does not include routine referrals back to medical practitioners for medication reviews. This will
include:
o Deterioration in leg symptoms (pain, numbness, lower limb muscle strength) for more than 1 week
o Deterioration or new onset of shoulder symptoms that continue for more than 1 week
o Onset of saddle paraesthesia or urinary retention
A “serious” adverse event is any symptom or event potentially related to the intervention that results in admission to
hospital, or permanent disability, or is life threatening.

For any questions on the NRDP treatment, please contact Alexander (0431 789 237), or Jon Ford (0422 244 183)
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Appendix J:

Ethical approval for the randomised controlled trial
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Appendix K: Example of newspaper advertisements used to recruit participants
in the randomised controlled trial
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Appendix L: Example of a back pain poster used to recruit participants for the
randomised controlled trial

254

Appendix M: Flyers used in the recruitment of the randomised controlled trial to
supplement the posters
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Appendix N: Phone screening form used in the randomised controlled trial
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Appendix O: Participant information sheet for randomised controlled trial

Spinal Management
Clinics of Victoria

PARTICIPANT INFORMATION SHEET
Project title: Specific Treatment of Problems of the Spine (STOPS) study: Specific physiotherapy
treatment and advice versus advice alone for sub-acute non-reducible discogenic low back pain: a pilot
randomised controlled trial.
Who are the researchers?
Alexander Chan
• Physiotherapist
• Masters by Research Candidate, Low Back Research Team, Musculoskeletal Research Centre,
La Trobe University
• Consulting physiotherapist, Spinal Management Clinics, LifeCare
• Email: ay2chan@students.latrobe.edu.au
Dr. Jon Ford
• Musculoskeletal Physiotherapist
• Research Fellow, Low Back Research Team, Musculoskeletal Research Centre , La Trobe
University
• General Manager, Spinal Management Clinics, LifeCare
• Email: j.ford@latrobe.edu.au
Dr. Megan Davidson
• Physiotherapist
• Associate Professor
• Head of School, School of Physiotherapy, La Trobe University
• Email: m.davidson@latrobe.edu.au
Emeritus Professor Joan McMeeken
• Physiotherapist
• Professorial Fellow, The University of Melbourne
• Email: j.mcmeeken@unimelb.edu.au
What is the research project about?
This project is about comparing two different physiotherapy treatments for people with low back pain due
to an injury to the disc(s) of the lower back. The results of the project will assist in establishing which
physiotherapy treatment approaches are the most effective for people with a disc injury.
Why am I being asked to participate this project?
Participants are being identified for this project through doctors, surgeons, physiotherapists, public flyers,
and newspaper advertising. We are asking you to take part in this project because you have lower back
pain and may also have referred leg pain.

Specific Treatment of Problems of the Spine (STOPS) Trials
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What do I need to do to be in this research project?
All eligible people who agree to participate in this project will be required to:
• Attend an assessment at the participating physiotherapy clinic closest to you. The physiotherapist
will ask you questions about your back problem, and then perform a brief physical assessment to
see if you fit the eligibility criteria for the study. During the physical assessment, the physiotherapist
will ask to look at your lower back area, and they will assess how strong your stomach muscles
are. They will measure how far you can bend your back forwards, backwards and side-ways. They
will also lift your legs whilst you are lying on your back, press on your back to find any areas of
pain, and check the reflexes, sensation, and muscle strength in your legs. You will also be asked
to perform ten backward bending movements of your lower back while you are lying on your
stomach. The assessment will take about 30 minutes.
• Complete a registration form, which will ask you to provide your name, date of birth, and contact
details. You will also be asked to provide contact details for two alternative contact people (eg.
friends or relatives). This will allow the researchers to still contact you in case you move house or
change your phone number.
• Complete a set of written questionnaires at the first physiotherapy assessment. You will then be
posted the same questionnaires after 5 weeks, 10 weeks, 6 months, 1 year and 2 years to
complete, and a reply paid enveloped will be included for you to return them. The questionnaires
ask about your pain,
what medications you are taking for your back condition, and the way your condition affects your
life and daily activities. The full set of questionnaires should take about 30-45 minutes to complete.
• Attend a one-on-one interview with one of the researchers, at the end of the treatment program.
You will be asked questions about how you found the treatment program, and any changes that
you have noticed since commencing the treatment. The interview will take about 30-45 minutes,
and will be voice recorded on a tape. The interview will then be transcribed into a manuscript. You
will be sent a copy of the interview manuscript to check that it is accurate.
• You will be able to continue seeing your doctor or medical specialist, and you will be able to take
any medications that are recommended by your doctor or pharmacist.
• During the first ten weeks of the trial, you will be asked to avoid having other treatments including
surgery. However, if your condition deteriorates or your doctor or specialist recommends that you
need other treatments, then we will not stop you from having these.
If you agreed to participate, you will be randomly assigned to receive one of two physiotherapy
treatments. You will have a 50% chance of receiving either treatment, but we are not able to predict
which treatment you will receive. The two physiotherapy treatments will involve:
1)

Physiotherapy advice group
•
If you are assigned to this treatment you will attend two 30-minute sessions with the
physiotherapist who assessed you. One session will be done shortly after you commence the
trial, and the other will be about six-weeks later. At these sessions, the physiotherapist will
give you information and advice about your condition, and recommend ways to manage your
condition at home. The physiotherapist will answer any questions or concerns that you may
have about your condition. They will also give you some practical tips such as showing you
how to lift correctly, and they will suggest some home exercises such as walking.

2)

Physiotherapy functional restoration group
•
If you are assigned to this treatment you will attend ten 30-minute sessions with the
physiotherapist who assessed you. The sessions will be spread over a 10-week period.
During these sessions, the physiotherapist will give you information about your condition, and
will show you ways to manage it. You will be provided with an exercise program that you will
perform in the clinic under supervision on each visit, and additionally each day at home. The
exercises will involve gentle stomach and lower back muscle strengthening exercises,
walking, light arm weights, squats or lunges, stepping exercises, and other back
strengthening exercises. The exercise dosage will be chosen to suit you. You will be asked
to keep a record of the exercises that you performed at home.
•
The physiotherapist will apply three strips of strapping tape to your back for 2-3 days at a
time during the first 3-4 weeks of the treatment program. A non-allergy tape will be used to
avoid any skin irritation.
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What follow-up procedures are undertaken?
If you choose to participate in the trial, we will send questionnaires to your nominated address after 5
weeks, 10 weeks, 6 months, 1 year and 2 years to measure your progress. While your name will not
appear on the questionnaire, they will be coded so we can tell if you have returned them or not. If you do
not complete and return the questionnaires within one-week of receiving them, your treating
physiotherapist or one of the researchers will contact you or one of the alternative contact people that
you designated on your personal details form.
Is there likely to be a benefit to me?
By participating in this trial, you will receive free physiotherapy treatment for your condition. The
treatment is being carried out at 13 different physiotherapy clinics within the network of Spinal
Management Clinics, which is a sub-division of LifeCare Health/Health Networks Australia. LifeCare
Health/Health Networks Australia are providing funding for the treatment.
In each treatment group you will be receiving treatment that has been scientifically shown to benefit
people with your condition. While there is no guarantee of benefit, we expect that many participants in
both of the groups will benefit from participating in this project. Possible benefits may include improved
pain and improved ability to perform activities.
Your participation in this research will help us determine the best physiotherapy treatment techniques for
people with conditions like yours.
What are the possible risks and/or side effects?
It is not expected that participation in this trial will pose any significant health risks to you. Some people
who do the functional restoration treatment may experience some mild discomfort in their stomach,
shoulders, knees, arms or legs from undertaking some of the exercises, but this would normally be
expected to resolve within 1-2 days. In addition, some people who have the functional restoration
treatment may experience a minor increase in their usual back or leg symptoms during or after the
exercises, but these would normally be expected to resolve within 1-2 hours of completing the exercises.
The risk of discomfort or increased symptoms will be minimized by the fact that exercises will be
supervised by an experienced physiotherapist. Your physiotherapist will also be able to modify the
dosage of exercises to reduce any discomfort that may be experienced.
Some people who do the functional restoration treatment may feel emotionally upset or distressed,
especially in association with increase in their usual symptoms. This distress would normally be
expected to resolve as the increase in symptoms settle. The risk will be minimised by the supervision of
the exercises by your physiotherapist. Also, your physiotherapist will also discuss with you any issues of
distress should they arise. If the distress is not resolved, we would refer you to your medical practitioner
for review and management, and you may cease the trial if they recommend this.
To minimize risks, people will NOT be eligible to participate if they are pregnant, have disturbed bladder
or bowel function due to their back condition, have deteriorating weakness in their leg or foot muscles
due to their back condition, are unable to walk safely, or have spinal stenosis or spondylolisthesis. If any
signs of significant deterioration in your condition were to occur during the trial, we would refer you to
your medical practitioner for further investigations or management and you may cease the trial if they
recommend this.
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What will be done to make sure the information is confidential?
Your personal details and identity will be known only by the treating physiotherapist, the principal
researcher (Mr. Alexander Chan), and an administrative assistant. Your personal records will be stored
in secure locations such as locked filing cabinets, and among the other medical records at your treating
physiotherapy clinic. An identification code rather than your name will be written on questionnaires that
you fill in. You will therefore remain anonymous throughout the study.
The results of this study will be shared through journal articles, conference presentations, and a thesis
completed by Mr. Chan. You will not be identifiable in any of these reports. It is possible that the data
may be used for other research projects by members of the La Trobe University Low Back Research
Team in the future to answer different research questions. This would only occur with the permission of
the current researchers, and none of your personal or identifiable information would be given to other
researchers.
All computer records relating to this study will be kept on password-protected computers of Mr. Chan, Dr.
Ford, and Dr Davidson. All hard-copy records will be kept at your treating physiotherapy clinic, and in a
locked filing cabinet at La Trobe University, Bundoora, for a period of 15 years after publication. The raw
data and computer files will then be destroyed.
Can I find out my test results?
If you would like to know your individual results or the results of the trial overall, a summary of these will
be available from Mr. Chan upon request.
Can I withdraw from the study?
Participation in this research project is voluntary, and hence you are not obliged to take part. You are
also free to withdraw from the project at a later stage if you change your mind.
If you choose not to participate, or withdraw from the project at a later stage, there will be no penalties
for this decision. However, you will only receive the free physiotherapy treatment offered in this research
trial if you agree to participate. If you do not participate, or if you withdraw from the trial at a later stage,
your treating physiotherapist will still be willing to treat you for their normal consultation fee.
You have the right to withdraw from active participation in this project at any time. If you are unable to
continue with the treatment for any reason, we would still value your responses on the follow-up
questionnaires that we send to you. However, if you wish to take no further part in the project (including
the follow-up questionnaires), you may withdraw from the project completely.
Furthermore, you may demand that existing data arising from your participation are not used in the
research project provided that this right is exercised within four weeks of the completion of your
participation in the project. If this is the case, you are asked to complete the “Withdrawal of Consent
Form” or to notify one of the researchers by e-mail or telephone that you wish to withdraw your consent
for your data to be used in this research project.
Declaration of dual interests
Please note that Dr Jon Ford is the supervisor of La Trobe University higher degree research students
involved in conducting this project and is also a partner of the LifeCare/Spinal Management Clinics
where the treatment for the project will occur. Some of the higher degree students are also engaged
providing physiotherapy services from LifeCare/Spinal Management Clinics.
In the event of any opportunities for financial benefit arising as a result of the trial, the researchers would
negotiate with the Masters by Research Candidate their potential role in realising and benefiting from the
opportunity. The roles of each researcher would be defined
according to the level and significance of input into the trial. If consensus was not reached an additional
party, with no direct relationship to the research would be appointed by the Physiotherapy Head of
School to resolve the conflict.
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Complaints
If you have any complaints that the investigator has not been able to answer to your satisfaction, you
may contact Natalie Humphries, Secretary, Faculty Human Ethics Committee, Faculty of Health
Sciences, La Trobe University, Victoria, 3086 (Ph. 03 9479 3573, e-mail: n.humphries@latrobe.edu.au).
Further questions or information
If you have any questions or want further information regarding this trial, you can contact the principal
researcher, Mr. Alexander Chan, on (03) 9367 5436.
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Appendix P:

Booklet of questionnaires to be completed at baseline in the

randomised controlled trial

Spinal Management
Clinics of Victoria

BASELINE QUESTIONNAIRE BOOKLET
Please write your name here: _______________________________________
Please write you date of birth here: _____/_____/_____

In order for us to determine whether you are eligible to participate in the trial, we need to find out some
detailed information about your low back and leg (sciatica) problem. Please complete the following
questionnaires before you attend for your physiotherapy assessment. If you do participate in the trial,
some of these questionnaires will be sent to you to complete again after 5 weeks, 10 weeks and 6
months, and these will be used to asses any changes that may be occurring in your condition.
It is important that you answer all questions. If you are unsure what a particular question is asking,
answer all of the questions that you can, and then ask the physiotherapist at your assessment to help
you with any questions you have not understood.
Your answers to the questions on the following pages will remain confidential. When we receive your
completed questionnaire booklet, we will remove your name and date of birth and replace these with an
identification number. This identification number will allow us to analyse data without using your name.
Please leave this cover page attached, and keep all the pages intact, otherwise we will not know who
this booklet belongs to.
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Identification number:_____________________

1. Please write the date that you filled out this questionnaire booklet: _____ / ______ / ________

2. Please rate your back pain by circling the number below that best describes your pain on average
over the last week
0
No pain

1

2

3

4

5

6

7

8

9
10
Worst pain possible

3. Please rate your leg pain by circling the number below that best describes your pain on average over
the last week
0
No pain

1

2

3

4

5

6

7

8

9
10
Worst pain possible

2
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4. OSWESTRY DISABILITY QUESTIONNAIRE (modified)
This questionnaire has been designed to give us information as to how your back or leg pain is affecting your ability
to manage in everyday life. Please answer by checking one box in each section for the statement which best
applies to you. We realise you may consider that two or more statements in any one section apply but please just
shade out the spot that indicates the statement which most clearly describes your problem.
Section 1: Pain Intensity
I have no pain at the moment
The pain is very mild at the moment
The pain is moderate at the moment
The pain is fairly severe at the moment
The pain is very severe at the moment
The pain is the worst imaginable at the moment
Section 2: Personal Care (Washing, Dressing,
etc.)
I can look after myself normally without causing
extra pain
I can look after myself normally but it causes extra
pain
It is painful to look after myself and I am slow and
careful
I need some help but can manage most of my
personal care
I need help every day in most aspects of self care
I do not get dressed, wash with difficulty and stay
in bed
Section 3: Lifting
I can lift heavy weights without extra pain
I can lift heavy weights but it gives me extra pain
Pain prevents me lifting heavy weights off the floor
but I can manage if they are conveniently placed e.g.
on a table
Pain prevents me lifting heavy weights but I can
manage light to medium weights if they are
conveniently positioned
I can only lift very light weights
I cannot lift or carry anything
Section 4: Walking
Pain does not prevent me walking any distance
Pain prevents me from walking more than 2
kilometres
Pain prevents me from walking more than 1
kilometre
Pain prevents me from walking more than 500
metres
I can only walk using a stick or crutches
I am in bed most of the time
Section 5: Sitting
I can sit in any chair as long as I like
I can only sit in my favourite chair as long as I like
Pain prevents me sitting more than one hour
Pain prevents me from sitting more than 30
minutes
Pain prevents me from sitting more than 10
minutes
Pain prevents me from sitting at all

Section 6: Standing
I can stand as long as I want without extra pain
I can stand as long as I want but it gives me extra
pain
Pain prevents me from standing for more than 1
hour
Pain prevents me from standing for more than 30
minutes
Pain prevents me from standing for more than 10
minutes
Pain prevents me from standing at all
Section 7: Sleeping
My sleep is never disturbed by pain
My sleep is occasionally disturbed by pain
Because of pain I have less than 6 hours sleep
Because of pain I have less than 4 hours sleep
Because of pain I have less than 2 hours sleep
Pain prevents me from sleeping at all
Section 8: Social Life
My social life is normal and gives me no extra
pain
My social life is normal but increases the degree
of pain
Pain has no significant effect on my social life
apart from limiting my more energetic interests e.g.
sport
Pain has restricted my social life and I do not go
out as often
Pain has restricted my social life to my home
I have no social life because of pain
Section 9: Traveling
I can travel anywhere without pain
I can travel anywhere but it gives me extra pain
Pain is bad but I manage journeys over two hours
Pain restricts me to journeys of less than one hour
Pain restricts me to short necessary journeys
under 30 minutes
Pain prevents me from traveling except to receive
treatment
Section 10: Work/Housework
My normal housework/work activities do not cause
pain.
My normal housework/work activities increase my
pain, but I can still perform all that is required of me.
I can perform most of my housework/work
activities, but pain prevents me from performing more
physically stressful activities (eg lifting, vacuuming).
Pain prevents me from doing anything but light
housework/work duties.
Pain prevents me from doing even light
housework/work duties.
Pain prevents me from performing any
housework/work duties.
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5. How often in the PAST WEEK have you had each of the following symptoms? (please circle one
number for each symptom)
Not at all

Very
rarely

A few
times

About half
the time

Usually

Almost
always

Always

1. Low back pain

0

1

2

3

4

5

6

2. Leg pain (sciatica)

0

1

2

3

4

5

6

3. Numbness or tingling in
leg, foot, or groin

0

1

2

3

4

5

6

4. Weakness in leg or foot
(e.g. difficulty lifting foot)

0

1

2

3

4

5

6

5. Back or leg pain while
sitting

0

1

2

3

4

5

6

6. On a scale of 0 to 6, please rate the following symptoms according to how bothersome they were in
the PAST WEEK: (please circle one number for each symptom)
Not
bothersome

Somewhat
bothersome

Extremely
bothersome

1. Low back pain

0

1

2

3

4

5

6

2. Leg pain (sciatica)

0

1

2

3

4

5

6

3. Numbness or tingling in
leg, foot, or groin

0

1

2

3

4

5

6

4. Weakness in leg or foot
(e.g. difficulty lifting
foot)
5. Back or leg pain while
sitting

0

1

2

3

4

5

6

0

1

2

3

4

5

6

4

266

7. We would like to know what other treatments you have tried for your current back problem before you
commenced this trial. Please indicate by ticking the boxes below if you have had any of the following
treatments for your back / leg problem (tick all relevant boxes)

! Seen my general practitioner (doctor).
If you have seen your doctor, how many visits have you had? ____________________

! Seen a surgeon.
If you have seen a surgeon, how many visits have you had? _____________________

! Seen another specialist doctor (eg. rheumatologist, sports physician)
If you have, how many visits and what type of specialist did you see?
___________________________________________________

! Seen a chiropractor.
If you have seen a chiropractor, how many visits have you have? _________________

! Seen an osteopath.
If you have seen an osteopath, how many visits have you have? __________________

! Seen a massage therapist.
If you have seen a massage therapist, how many visits have you have? ____________

! Seen a physiotherapist.
If you have seen a physiotherapist, how many visits have you have? ______________

! Had acupuncture.
If you have had acupuncture, how many visits have you have? ___________________

! Had an injection into your back (eg. an epidural or nerve block). If so, please
indicate the date and type of injection?
_________________________________________

! Had back surgery.
If you have had back surgery, indicate the date and type of surgery:
__________________________________________________________________

! Any other treatments? If you have, please state:
______________________________________________________________________________
8. Prior to commencing in this trial, how satisfied have you been with your overall healthcare / treatment
for your current episode of low back pain or leg symptoms (sciatica)? (tick one box)
Very
dissatisfied

Somewhat
dissatisfied

Neither satisfied
nor dissatisfied

Somewhat
satisfied

Very
satisfied

9. Prior to commencing in this trial, how satisfied have you been with the results of your overall
healthcare / treatment for your current episode of low back pain or leg symptoms (sciatica)? (tick one
box)
Very
dissatisfied

Somewhat
dissatisfied

Neither satisfied
nor dissatisfied

Somewhat
satisfied

Very
satisfied

5
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19. If you were not working, what was the reason for this?

! paid leave/sick leave because of low back problems
! paid leave/sick leave because of other reason(s)
! unpaid leave
! unemployed because of low back problems
! unemployed because of other reason(s)
! student
! keeping house/ homemaker
! retired
! on a disability pension
20. Please write down any medications you took for your back or leg condition in the last 24-hours.
(Include medication prescribed by your doctor as well as other medication).
Name of medication
Example: Panadol

Number of tablets taken
in the last 24-hours
2

Medication strength as shown
on the pack (mg)
500mg

1
2
3
4
5
6
7
8

8
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21. By placing a tick in one box in each group below, please indicate which statements best describe
your own health state today.

Mobility
I have no problems in walking around
I have some problems in walking around
I am confined to bed

!
!
!

PLEASE TICK
ONE BOX

Personal Care
I have no problems with personal care
I have some problems washing or dressing myself
I am unable to wash or dress myself

!
!
!

PLEASE TICK
ONE BOX

Usual Activities (e.g. work, study, housework, family or leisure activities)
I have no problems with performing my usual activities
I have some problems with performing my usual activities
I am unable to perform my usual activities

!
!
!

PLEASE TICK
ONE BOX

Pain/Discomfort
I have no pain or discomfort
I have moderate pain or discomfort
I have extreme pain or discomfort

!
!
!

PLEASE TICK
ONE BOX

Anxiety/Depression
I am not anxious or depressed
I am moderately anxious or depressed
I am extremely anxious or depressed

!
!
!

PLEASE TICK
ONE BOX

9
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Best
imaginable
health state

22. To help people say how good or bad a health state is,
we have drawn a scale (rather like a thermometer) on

100

which the best state you can imagine is marked 100
and the worst state you can imagine is marked 0.
We would like you to indicate on this scale how good

9 0

or bad your own health is today, in your opinion.
Please do this by drawing a line from the box below to
whichever point on the scale indicates how good or

8 0

bad your health state is today.

7 0

6 0

Your own
health state
today

5 0

4 0

3 0

2 0

1 0

0
Worst
imaginable
health state

10
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Orebro Musculoskeletal Pain Screening Questionnaire

23.

4.

Where do you have pain? Place a tick for all appropriate sites.

! neck ! shoulders ! upper back ! lower back ! leg
5.

! 0 days [1]

! 1-2 days[2]

!1 month [6] ! 2 months [7]
6.

7.

! 8-14 days [4] ! 15-30 days [5]

! 3-6 months [8]

! 6-12 months [9] ! over 1 year [10]

! 0-1weeks [1]

! 1-2 weeks [2]

! 3-4 weeks [3]

! 4-5 weeks [4]

! 6-8 weeks [5]

! 9-11 weeks [6]

! 3-6 months [7] ! 6-9 months [8] ! 9-12 months [9] ! over 1 year [10]

Is your work heavy or monotonous? Circle the best alternative.
2

3

4

5

6

7

8

9

10
Extremely

How would you rate the pain that you have had during the past week? Circle one.
0
1
No pain

9.

! 3-7 days [3]

How long have you had your current pain problem? Tick one

0
1
Not at all
8.

Other (please state)

How many days of work have you missed because of pain during the past 18 months? Tick one

2

3

4

5

6

7

8

9

10
Pain as bad as it could be

In the past 3 months, on average, how bad was your pain? Circle one.
0
1
2
3
4
5
6
7
8
9
10
No pain
Pain as bad as it could be

10. How often would you say that you have experienced pain episodes, on average, during the past 3 months?
Circle one.
0
1
Never

2

3

4

5

6

7

8

9

10
Always

11. Based on all the things you do to cope, or deal with your pain, on an average day, how much are you able to
decrease it? Circle one (10-)
0
1
2
Can’t decrease
it at all

3

4

5

6

7

8

9

10
Can decrease it completely

12. How tense or anxious have you felt in the past week? Circle one.
0
1
2
3
4
5
6
7
8
9
10
Absolutely calm and relaxed
As tense and anxious as I’ve ever felt
13. How much have you been bothered by feeling depressed in the past week? Circle one.
0
1
Not at all

2

3

4

5

6

7

8

9

10
Extremely

14. In your view, how large is the risk that your current pain may become persistent? Circle one.
0
1
No risk

2

3

4

5

6

7

8

9

10
Very large risk

15. In your estimation, what are the chances that you will be working in 6 months? Circle one (10-)
0
1
No chance

2

3

4

5

6

7

8

9

10
Very large chance

16. If you take into consideration your work routines, management, salary, promotion possibilities and work
mates, how satisfied are you with your job? Circle one (10-)
0
1
2
Not satisfied at all

3

4

5

6

7

8

9

10
Completely satisfied

11
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Here are some of the things which other people have told us about their pain. For each statement please circle one
number from 0 to 10 to say how much physical activities, such as bending, lifting, walking or driving would affect your
pain.
17. Physical activity makes my pain worse.
0
1
2
3
Completely disagree

4

5

6

7

8

9

10
Completely agree

18. An increase in pain is an indication that I should stop what I’m doing until the pain decreases.
0
1
2
3
Completely disagree

4

5

6

7

8

9

10
Completely agree

9

10
Completely agree

19. I should not do my normal work with my present pain.
0
1
2
3
Completely disagree

4

5

6

7

8

Here is a list of 5 activities. Please circle the one number which best describes your current ability to participate in each
of these activities (10-)
20. I can do light work for an hour.
0
1
2
Can’t do it because
pain problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

4

5

6

7

8

9

10
Can do it without
pain being a problem

21. I can walk for an hour.
0
1
2
Can’t do it because
pain problem

3

22. I can do ordinary household chores.
0
1
2
Can’t do it because
pain problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

23. I can go shopping.
0
1
2
Can’t do it because
pain problem
24. I can sleep at night.
0
1
2
Can’t do it because
pain problem

12
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Appendix Q: Subjective complaints questionnaire

24. Subjective Complaints Questionnaire
This final questionnaire is designed to collect detailed information about your low back problem. Please
answer every question as accurately as possible.
This questionnaire should take approximately 15 minutes to complete. The questionnaire has different
sections, each with specific instructions. It is important that you answer all questions.
Please answer the questions only with regard to the symptoms coming from your back. These may be in
the back, leg or foot and include symptoms such as aching, burning, pins and needles, etc. Symptoms
not related to your back injury should not affect how you answer the questions.
For example if you have hip pain that has been with you for 5 years that is a different problem to your
more recent back pain, you should only answer the questions in relation to your back pain.
Even if some of the answers available are not exactly correct for you, please choose the answer closest
to your situation. Please only choose one answer.

Thank you for taking the time to complete this questionnaire.
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PATIENT DETAILS
Date of birth
Gender

_______ / _________ / ______________

male
female

Current postcode

____________________________

Current occupation

____________________________

Weight (in kilograms)

____________________________

Height (in centimeters)

____________________________

Highest level of education?

completed primary school
completed secondary school
completed tertiary course

In what country were your parents born?

both in Australia
one in Australia
both overseas

Are you a smoker?

yes
no

If you are a smoker, on average, how
many cigarettes do you smoke a day?

less than 10
10 - 20
more than 20

14
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ARE YOUR SYMPTOMS STABLE?
Have you taken any tablets for your back

No

today?

1 to 3 tablets
4 to 6 tablets
more than 6 tablets

If you have taken tablets today, what

not applicable

kind were they?

pain killers
anti-inflammatory
muscle relaxant
anti-depressant
don't know
other (please describe)
_______________________________________________
_

A "flare up" is a period of 1 - 14 days
where your symptoms are much worse
than normal. Are you currently

yes
no

experiencing a "flare up"?

Have you done anything today or
yesterday that has aggravated your
pain?

yes
no
If yes please describe
______________________________
_______________________________________________
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277

WHERE ARE YOUR SYMPTOMS? *

•
•
•
•

Mark the areas where you feel the described symptoms that come from your back
Be as exact as possible in marking where the symptoms begin and end on the body
Use the appropriate symbols
Include all affected areas

Dull
Aching
Stabbing

Burning

......
......

Pins and
Needles

Numb
Cramp

*Modifed from Ransford et al (1976)
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SYMPTOM DETAILS

In the past 3 days have you had pins and needles or
numbness below your waist that is related to your
back problem?

yes
no
(If the answer is yes please ensure you
have marked the location on the
previous page)

In the past 3 days where has your most severe pain been?
Please tick only one box.

back
buttock(s)
groin (s)
upper leg(s)
lower leg(s)
foot / feet

In the past 3 days have you experienced "foot drop" or
difficulty rising up onto your toes?

Over the past 3 days do your symptoms in the back feel
mostly deep inside or more on the surface?

yes
no

deep
on the surface
not applicable

Over the past 3 days do your symptoms in the leg feel
mostly deep inside or more on the surface?

deep
on the surface
not applicable

If you have leg and back symptoms, are they related?
For example when your back gets worse, does your leg
also get worse?

yes
no
not applicable
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WHAT POSITIONS AND ACTIVITIES ARE LIMITED BY YOUR SYMPTOMS?
For us to understand your back problem it is important that we know how your symptoms feel with
different positions and activities.
For each position or activity tick the box next to the answer that best matches your problem over the
last 24 hours. Please answer all questions.
For example, if you had to stop walking after 15 minutes because of your low back symptoms you
would tick the box “15 minutes”.
Pain prevents me from walking longer than:

at least 30 minutes
30 minutes
15 minutes
5 minutes
cannot do at all

Pain prevents me from standing in one place without
moving or shifting weight longer than:

at least 30 minutes
30 minutes
15 minutes
5 minutes
cannot do at all

Pain prevents me from sitting with my backside against
the backrest of a firm chair longer than:

at least 30 minutes
30 minutes
15 minutes
5 minutes
cannot do at all
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Pain prevents me from sitting in a soft couch in a
slouched position longer than:

at least 30 minutes
30 minutes
15 minutes
5 minutes
cannot do at all

Pain prevents me from lying on my back longer than:

at least 30 minutes
30 minutes
15 minutes
5 minutes
cannot do at all
not applicable

Pain prevents me from lying on my stomach longer than:

at least 30 minutes
30 minutes
15 minutes
5 minutes
cannot do at all
not applicable
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WHICH POSITIONS AND ACTIVITIES DO YOU FIND DIFFICULT?
Following are some further positions and activities that you may find difficult. For each position or
activity circle the number or tick the box next to the answer that best matches your problem over the
last 24 hours. Please answer all questions.
How difficult is getting into a car as a

0 = not difficult at all

result of your symptoms?

1 = minimally difficult
2 = somewhat difficult
3 = fairly difficult
4 = very difficult
5 = unable to do

If getting into a car is difficult because of
your symptoms which part of the activity
is most difficult?

bending the back to sit down
twisting the back
lifting the legs into the car
ducking the head
not applicable

How difficult is standing up from sitting
as a result of your symptoms?

0 = not difficult at all
1 = minimally difficult
2 = somewhat difficult
3 = fairly difficult
4 = very difficult
5 = unable to do

If standing up from sitting is difficult
because of your symptoms, which part
of the activity is most difficult?

leaning forward to get up
straightening up your back from a bent position
not applicable
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WHICH ACTIVITIES DO YOU FIND DIFFICULT? (CONT)
How difficult is coughing or sneezing as

0 = not difficult at all

a result of your symptoms?

1 = minimally difficult
2 = somewhat difficult
3 = fairly difficult
4 = very difficult
5 = unable to do

When lying down on your side, is it sorer
to lie on one side than the other?

If so, which side is the most comfortable
to lie on?

yes
no

the sore side
the good side
not applicable

How difficult is forward bending?

0 = not difficult at all
1 = minimally difficult
2 = somewhat difficult
3 = fairly difficult
4 = very difficult
5 = unable to do

How difficult is lifting objects from the

0 = not difficult at all

floor to waist level?

1 = minimally difficult
2 = somewhat difficult
3 = fairly difficult
4 = very difficult
5 = unable to do

21

283

WHAT RELIEVES YOUR SYMPTOMS?
Consider the following activities / positions. Do they relieve your symptoms? Please tick the appropriate
box. Choose one answer only that best matches your problem over the last 24 hours.

Standing in one place without moving or shifting weight

yes
no

Sitting with you backside against the backrest of a firm chair

yes
no

Sitting in a soft couch slouched

yes
no

Walking short distances
(For example one block)

Lying on your back

yes
no

yes
no

Lying on your back with your legs bent

yes
no

Lying on your sore side

yes
no
not applicable

Lying on your good side

yes
no
not applicable
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WHAT RELIEVES YOUR SYMPTOMS? (CON’T)
Lying on your stomach

yes
no

Other activities that ease your symptoms?
Please
describe:________________________________________________________________________
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HISTORY OF YOUR SYMPTOMS
The following section of the questionnaire relates to the history of your symptoms. Please answer all
the following questions by ticking the box. Choose one answer only that best matches your problem .
Is this the first episode of low back or leg
symptoms in your life?

yes
no

How many weeks has this episode of
leg symptoms lasted?

______________ weeks

How many weeks has this episode of
back symptoms lasted?

If this is not the first episode of
symptoms how many episodes have you
had in your life?

______________ weeks

up to 4
more than 4
not applicable

If this is not the first episode of
symptoms, when was your first episode?

less than 1 month ago
2 - 6 months ago
6 - 12 months ago
1 - 2 years ago
more than 3 years ago
not applicable

Since your first episode how often have
you had symptoms?

less than half the time
more than half the time
constantly
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HISTORY OF YOUR SYMPTOMS (CONT)
Describe the first time your
symptoms came on

symptoms came on suddenly due to a specific cause
symptoms came on suddenly for no apparent reason
symptoms came on gradually due to a specific cause
symptoms came on gradually for no apparent reason
can't remember
other (describe) _____________________________
_______________________________________________

If your symptoms came on due to a

____________________________________________________

specific cause, please describe this

____________________________________________________

At what time of day did the
symptoms come on?

morning
afternoon
evening
night time
can't remember

When your symptoms first came on,
how was it the following day?

better than on the first day
much worse over the next day
much worse the next morning
the same the next day
can't remember

Have you ever worked for greater
than 6 months in a job involving
heavy lifting? (For example
storework lifting > 15kg)

yes
no
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HISTORY OVER THE PAST THREE DAYS
The following section of the questionnaire relates to your symptoms over the past three days. Please
answer all the following questions by circling the number or ticking the box. Choose one answer only
that best matches your problem

In the past 3 days what time of the day
have your symptoms usually been the
worst?

always the same amount of pain
morning
afternoon
when you are trying to get to sleep at night
at night while sleeping
no specific pattern
both morning and evening

In the past 3 days how often have the
symptoms made it hard to get to sleep?

not at all
some nights
most nights
every night

In the past 3 days how often have the
symptoms woken you while sleeping?

not at all
some nights
most nights
every night

In the past 3 days if the symptoms have
woken you, what has been the reason?

not applicable
rolling over
wake due to pain without moving
Other
_____________________________________
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History over the past three days (con’t)
In the past 3 days if the symptoms have
woken you, how long has it taken to get
back to sleep?

not applicable
less than 30 minutes
greater than 30 minutes
nothing helps, can't fall back to sleep

In the past 3 days if the symptoms have
woken you, what have you done so you
can go back to sleep?

not applicable
nothing helps, can't fall back to sleep
change positions in bed

Please tick one box only (the thing you

sit up

usually do to get back to sleep)

get out of bed
take medication
Other
_____________________________________

Is your bed firm, or is it soft and saggy in
the middle?

Are your symptoms constantly with you
24 hours a day even when you rest or
gently walk?
In the past 3 days have you had a
painful or stiff back in the morning?

If so how long does it take for the
pain/stiffness to ease if you don't take
medication?

firm
soft

yes
no

yes
no

less than one hour
greater than 1 hour
constant pain/stiffness all day
I always take medication
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Appendix R: Procedures undertaken at the interview and physical examination
in the randomised controlled trial

Interview
The physiotherapist checked the participant’s pain drawing and areas were cleared to
ensure that no symptoms or locations had been missed. The pain drawing has been
shown to be a reliable means of determining the presence and location of leg symptoms
(Ford, Story, & McMeeken, 2009; Margolis, Chibnall, & Tait, 1988).
A full history of the participant’s back symptoms was obtained through detailed
questioning. This was to confirm that the participant was experiencing a new episode of
leg symptoms, as well as to establish the duration of the episode.

Physical examination
Lower limb neurological examination
A standardised protocol was followed to identify signs of lower limb neurological
compromise. Moderate to high levels of reliability have been demonstrated in people
suspected to have lower limb nerve root compression (Vroomen, de Krom, &
Knottnerus, 2000). With the participant in a seated position, testing of knee jerk and
ankle jerk reflexes, myotomal strength testing and dermatomal sensation in response to
light touch with a tissue was performed
Straight-leg-raise testing
was performed and was considered positive if the participant’s usual lower limb
symptoms were reproduced at any angle during passive raising of the leg by the
physiotherapist (Vroomen, de Krom, & Knottnerus, 2000). The reliability of the SLR
test has been shown to be good when tested on people with suspected lower limb nerve
root compression, especially when reproduction of usual leg symptoms is the definition
of a positive test (Vroomen, de Krom, & Knottnerus, 2000).
Prone knee flexion test
Considered positive if the participant’s usual anterior thigh symptoms were reproduced
at any angle during passive knee flexion performed by the physiotherapist (Borenstein,
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Wiesel, & Boden, 2004). The reliability has been shown to be good in people with
suspected nerve root compression (Vroomen, de Krom, & Knottnerus, 2000).
Mechanical loading strategies examination
As part of the physical examination, the assessment of mechanical loading strategies
was also performed to determine whether a DP was present. Mechanical loading
strategies included sustained prone positioning and repeated extension movements in a
prone position (with or without lateral shift of the pelvis). Directional preference was
defined as the direction of movements or postures that produce either centralisation of
symptoms, sustained decrease in symptoms (by at least 1 point on a 0-10 numerical
rating scale), or improvement in range-of-motion following the assessment of
mechanical loading strategies (Ford et al., 2011). Assessing for a DP has been shown to
be reliable (Fritz, Delitto, Vignovic, & Busse, 2000; Wetzel & Donelson, 2003). The
presence of a DP identified participants who would receive DPM as a treatment strategy
if allocated to the IFR group (see Chapter 5).
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Appendix S:

Consent form

Spinal Management
Clinics of Victoria

Consent form
Project title: Specific Treatment of Problems of the Spine (STOPS) study: Specific physiotherapy
treatment and advice versus advice alone for sub-acute non-reducible discogenic low back pain:
a pilot randomised controlled trial.
Please read the “participant information form” prior to signing this consent form. If you wish to enrol in
the above project, please read the following statement, and sign and date the form below if you agree
with the statement and wish participate in the study:
“I (the participant) have read (or, where appropriate, have had read to me) and understood
the participant information sheet, and any questions I have asked have been answered
to my satisfaction. I agree to participate in the project, realising that I may physically
withdraw from the study at any time and may request that no data arising from my
participation are used, up to four weeks following the completion of my participation in the
research. I agree that research data provided by me or with my permission during the
project may be included in a thesis, presented at conferences and published in journals on
the condition that neither my name nor any other identifying information is used.”
Name of Participant (printed):__________________________________

Signature: ___________________________________Date __________
Participants will be interviewed by a researcher at the end of the treatment program. The interview will
be tape recorded and transcribed into a manuscript to allow for detailed analysis of the program. You will
be sent a copy of the interview manuscript to check that it is accurate. Please tick one (1) of the following
boxes regarding consent to record the interview.
Yes, I agree to be recorded for the interview.
No, I do not agree to be recorded for the interview.
Name of Investigator (printed):_________________________________

Signature: ___________________________________Date __________
Name of Student Supervisor (printed):_______________________Date: _________

Specific Treatment of Problems of the Spine (STOPS) Trials
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Appendix T: Registration form

Spinal Management
Clinics of Victoria

Participant Registration Form for STOPS (Specific treatment of problems of the spine) trials
First name:_________________________
DOB: _____________________________

Surname: ____________________________
Gender:

Male / Female

Home address:__________________________________________________________________
Phone (home):_______________________________ (work):______________________________
(mobile):___________________________ Email:_______________________________________
TWO alternative contact people – Please provide the contact details for two adult relatives
or friends, preferably one who lives with you, and one who does not live with you. We will
only contact these people if we are having trouble contacting you.
First contact
First name:_________________________

Surname: ____________________________

Relation to you (eg. brother, friend): __________________________________________________
Phone (home):_______________________________ (work):______________________________
(mobile):___________________________ Email:_______________________________________
Second contact
First name:_________________________

Surname: ____________________________

Relation to you (eg. brother, friend): __________________________________________________
Phone (home):_______________________________ (work):______________________________
(mobile):___________________________ Email:_______________________________________

!

Please tick this box if you do not wish to receive a newsletter every 2-months to keep you
updated with trial progress.
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Appendix U: List of clinics with approval letters
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Appendix V: Follow-up protocol for missed appointments
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Appendix W:

Follow-up booklet

5-week
Identification number:_____________________
Please note: You do not need to write your name on this questionnaire, because we now identify you in
this trial via the identification number written above. Please keep all of the pages stapled together, and
send the entire booklet back once you have finished it.

1. Please write the date that you filled out this questionnaire booklet: _____ / ______ / ________

2. “Please indicate how your back and leg condition has changed since you started in the trial, by ticking
ONE of the boxes below?”

□ 1. Completely recovered
□ 2. Much improved
□ 3. Slightly Improved
□ 4. No change
□ 5. Slightly worsened
□ 6. Much worsened
□ 7. Vastly worsened
3. Please rate your back pain by circling the number below that best describes your pain on average
over the last week
0
No pain

1

2

3

4

5

6

7

8

9
10
Worst pain possible

4. Please rate your leg pain by circling the number below that best describes your pain on average over
the last week
0
No pain

1

2

3

4

5

6

7

8

9
10
Worst pain possible
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5. OSWESTRY DISABILITY QUESTIONNAIRE (modified)
This questionnaire has been designed to give us information as to how your back or leg pain is affecting your ability
to manage in everyday life. Please answer by checking one box in each section for the statement which best
applies to you. We realise you may consider that two or more statements in any one section apply but please just
shade out the spot that indicates the statement which most clearly describes your problem.
Section 1: Pain Intensity
I have no pain at the moment
The pain is very mild at the moment
The pain is moderate at the moment
The pain is fairly severe at the moment
The pain is very severe at the moment
The pain is the worst imaginable at the moment
Section 2: Personal Care (Washing, Dressing,
etc.)
I can look after myself normally without causing
extra pain
I can look after myself normally but it causes extra
pain
It is painful to look after myself and I am slow and
careful
I need some help but can manage most of my
personal care
I need help every day in most aspects of self care
I do not get dressed, wash with difficulty and stay
in bed
Section 3: Lifting
I can lift heavy weights without extra pain
I can lift heavy weights but it gives me extra pain
Pain prevents me lifting heavy weights off the floor
but I can manage if they are conveniently placed e.g.
on a table
Pain prevents me lifting heavy weights but I can
manage light to medium weights if they are
conveniently positioned
I can only lift very light weights
I cannot lift or carry anything
Section 4: Walking
Pain does not prevent me walking any distance
Pain prevents me from walking more than 2
kilometres
Pain prevents me from walking more than 1
kilometre
Pain prevents me from walking more than 500
metres
I can only walk using a stick or crutches
I am in bed most of the time
Section 5: Sitting
I can sit in any chair as long as I like
I can only sit in my favourite chair as long as I like
Pain prevents me sitting more than one hour
Pain prevents me from sitting more than 30
minutes
Pain prevents me from sitting more than 10
minutes
Pain prevents me from sitting at all

Section 6: Standing
I can stand as long as I want without extra pain
I can stand as long as I want but it gives me extra
pain
Pain prevents me from standing for more than 1
hour
Pain prevents me from standing for more than 30
minutes
Pain prevents me from standing for more than 10
minutes
Pain prevents me from standing at all
Section 7: Sleeping
My sleep is never disturbed by pain
My sleep is occasionally disturbed by pain
Because of pain I have less than 6 hours sleep
Because of pain I have less than 4 hours sleep
Because of pain I have less than 2 hours sleep
Pain prevents me from sleeping at all
Section 8: Social Life
My social life is normal and gives me no extra
pain
My social life is normal but increases the degree
of pain
Pain has no significant effect on my social life
apart from limiting my more energetic interests e.g.
sport
Pain has restricted my social life and I do not go
out as often
Pain has restricted my social life to my home
I have no social life because of pain
Section 9: Traveling
I can travel anywhere without pain
I can travel anywhere but it gives me extra pain
Pain is bad but I manage journeys over two hours
Pain restricts me to journeys of less than one hour
Pain restricts me to short necessary journeys
under 30 minutes
Pain prevents me from traveling except to receive
treatment
Section 10: Work/Housework
My normal housework/work activities do not cause
pain.
My normal housework/work activities increase my
pain, but I can still perform all that is required of me.
I can perform most of my housework/work
activities, but pain prevents me from performing more
physically stressful activities (eg lifting, vacuuming).
Pain prevents me from doing anything but light
housework/work duties.
Pain prevents me from doing even light
housework/work duties.
Pain prevents me from performing any
housework/work duties.
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6. How often in the PAST WEEK have you had each of the following symptoms? (please circle one
number for each symptom)
Not at all

Very
rarely

A few
times

About half
the time

Usually

Almost
always

Always

1. Low back pain

0

1

2

3

4

5

6

2. Leg pain (sciatica)

0

1

2

3

4

5

6

3. Numbness or tingling in
leg, foot, or groin

0

1

2

3

4

5

6

4. Weakness in leg or foot
(e.g. difficulty lifting foot)

0

1

2

3

4

5

6

5. Back or leg pain while
sitting

0

1

2

3

4

5

6

7. On a scale of 0 to 6, please rate the following symptoms according to how bothersome they were in
the PAST WEEK: (please circle one number for each symptom)
Not
bothersome

Somewhat
bothersome

Extremely
bothersome

1. Low back pain

0

1

2

3

4

5

6

2. Leg pain (sciatica)

0

1

2

3

4

5

6

3. Numbness or tingling in
leg, foot, or groin

0

1

2

3

4

5

6

4. Weakness in leg or foot
(e.g. difficulty lifting
foot)
5. Back or leg pain while
sitting

0

1

2

3

4

5

6

0

1

2

3

4

5

6
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8. Aside from the treatment you received from your physiotherapist in this trial, please indicate by ticking
the boxes below if you have had any of the following treatments for your back / leg problem since you
started the trial: (tick all relevant boxes)

□ Seen my general practitioner (doctor).
If you have seen your doctor, how many visits have you had? ____________________

□ Seen a surgeon.
If you have seen a surgeon, how many visits have you had? _____________________

□ Seen another specialist doctor (eg. rheumatologist, sports physician)
If you have, how many visits and what type of specialist did you see?
___________________________________________________

□ Seen a chiropractor.
If you have seen a chiropractor, how many visits have you have? _________________

□ Seen an osteopath.
If you have seen an osteopath, how many visits have you have? __________________

□ Seen a massage therapist.
If you have seen a massage therapist, how many visits have you have? ____________

□ Seen another physiotherapist.
If you have seen another physiotherapist, how many visits have you have? _________

□ Had acupuncture.
If you have had acupuncture, how many visits have you have? ___________________

□ Had an injection into your back (eg. an epidural or nerve block). If so, please
indicate the date and type of injection?
_____________________________________________________________________

□ Had back surgery.
If you have had back surgery, indicate the date and type of surgery:
_____________________________________________________________________

□ Any other treatments? If you have, please state:
______________________________________________________________________________
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9. Since you started to have treatment for your back or leg (sciatica) problem in this research trial, how
satisfied have you been with your physiotherapy care? (tick one box)
Very
dissatisfied

Somewhat
dissatisfied

Neither satisfied
nor dissatisfied

Somewhat
satisfied

Very
satisfied

10. Since you started to have treatment in this research trial, how satisfied are you with the results of
this physiotherapy treatment for your low back pain or leg problem (sciatica)? (tick one box)
Very
dissatisfied

Somewhat
dissatisfied

Neither satisfied
nor dissatisfied

Somewhat
satisfied

Very
satisfied

11. If you had to spend the rest of your life with the back or leg symptoms you have right now, how would
you feel about it? (tick one box)
Very
dissatisfied

Somewhat
dissatisfied

Neither satisfied
nor dissatisfied

Somewhat
satisfied

Very
satisfied

12. During the past 4 weeks (30 days), approximately how many days did your low back or leg problem
(sciatica) prevent you from going to work or school?
____________________ days

13. Since you started the trial, approximately how many days in total did low back pain or leg pain
(sciatica) prevent you from going to work or school?
____________________ days

14. During the past week, how much did pain interfere with your normal work (including both work
outside the home and housework)? (please tick one box)
Not
at all

A little
bit

Moderately

Quite a
bit

Extremely
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15. Are you currently: (please tick one box)
Working full-time

Working part-time

Not working

16. If you are working, are you:

□ employed at your usual job
□ on light duties or some restricted work assignment
□ employed at a different job compared to the job you had when you were injured
17. If you are not working, what is the reason for this?

□ paid leave/sick leave because of low back problems
□ paid leave/sick leave because of other reason(s)
□ unpaid leave
□ unemployed because of low back problems
□ unemployed because of other reason(s)
□ student
□ keeping house/ homemaker
□ retired
□ on a disability pension
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18. Please write down any medications you took for your back or leg condition in the last 24-hours.
(Include medication prescribed by your doctor as well as other medication).
Name of medication
Example: Panadol

Number of tablets taken
in the last 24-hours
2

Medication strength as shown
on the pack (mg)
500mg

1
2
3
4
5
6
7
8

19. Have you noticed any adverse, harmful or unpleasant effects that you think may have been due to
the treatment program that you undertook in this trial? If so, please explain.
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
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20. By placing a tick in one box in each group below, please indicate which statements best describe
your own health state today.

Mobility
I have no problems in walking around
I have some problems in walking around
I am confined to bed





PLEASE TICK
ONE BOX

Personal Care
I have no problems with personal care
I have some problems washing or dressing myself
I am unable to wash or dress myself





PLEASE TICK
ONE BOX

Usual Activities (e.g. work, study, housework, family or leisure activities)
I have no problems with performing my usual activities
I have some problems with performing my usual activities
I am unable to perform my usual activities





PLEASE TICK
ONE BOX

Pain/Discomfort
I have no pain or discomfort
I have moderate pain or discomfort
I have extreme pain or discomfort





PLEASE TICK
ONE BOX

Anxiety/Depression
I am not anxious or depressed
I am moderately anxious or depressed
I am extremely anxious or depressed





PLEASE TICK
ONE BOX
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Best
imaginable
health state

21. To help people say how good or bad a health state is,
we have drawn a scale (rather like a thermometer) on
which the best state you can imagine is marked 100

100

and the worst state you can imagine is marked 0.
We would like you to indicate on this scale how good

9 0

or bad your own health is today, in your opinion.
Please do this by drawing a line from the box below to
whichever point on the scale indicates how good or

8 0

bad your health state is today.

7 0

6 0

Your own
health state
today

5 0

4 0

3 0

2 0

1 0

0
Worst
imaginable
health state
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Orebro Musculoskeletal Pain Screening Questionnaire

22.
4.

Where do you have pain? Place a tick for all appropriate sites.

 neck  shoulders  upper back  lower back  leg
5.

 0 days [1]

 1-2 days[2]

1 month [6]  2 months [7]
6.

7.

 8-14 days [4]  15-30 days [5]

 3-6 months [8]

 6-12 months [9]  over 1 year [10]

 0-1weeks [1]

 1-2 weeks [2]

 9-11 weeks [6]

 3-6 months [7]  6-9 months [8]  9-12 months [9]  over 1 year [10]

 3-4 weeks [3]

 4-5 weeks [4]

 6-8 weeks [5]

Is your work heavy or monotonous? Circle the best alternative.
2

3

4

5

6

7

8

9

10
Extremely

How would you rate the pain that you have had during the past week? Circle one.
0
1
No pain

9.

 3-7 days [3]

How long have you had your current pain problem? Tick one

0
1
Not at all
8.

Other (please state)

How many days of work have you missed because of pain during the past 18 months? Tick one

2

3

4

5

6

7

8

9

10
Pain as bad as it could be

In the past 3 months, on average, how bad was your pain? Circle one.
0
1
2
3
4
5
6
7
8
9
10
No pain
Pain as bad as it could be

10. How often would you say that you have experienced pain episodes, on average, during the past 3 months?
Circle one.
0
1
Never

2

3

4

5

6

7

8

9

10
Always

11. Based on all the things you do to cope, or deal with your pain, on an average day, how much are you able to
decrease it? Circle one (10-)
0
1
2
Can’t decrease
it at all

3

4

5

6

7

8

9

10
Can decrease it completely

12. How tense or anxious have you felt in the past week? Circle one.
0
1
2
3
4
5
6
7
8
9
10
Absolutely calm and relaxed
As tense and anxious as I’ve ever felt
13. How much have you been bothered by feeling depressed in the past week? Circle one.
0
1
Not at all

2

3

4

5

6

7

8

9

10
Extremely

14. In your view, how large is the risk that your current pain may become persistent? Circle one.
0
1
No risk

2

3

4

5

6

7

8

9

10
Very large risk

15. In your estimation, what are the chances that you will be working in 6 months? Circle one (10-)
0
1
No chance

2

3

4

5

6

7

8

9

10
Very large chance

16. If you take into consideration your work routines, management, salary, promotion possibilities and work
mates, how satisfied are you with your job? Circle one (10-)
0
1
2
Not satisfied at all

3

4

5

6

7

8

9

10
Completely satisfied
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Here are some of the things which other people have told us about their pain. For each statement please circle one
number from 0 to 10 to say how much physical activities, such as bending, lifting, walking or driving would affect your
pain.
17. Physical activity makes my pain worse.
0
1
2
3
Completely disagree

4

5

6

7

8

9

10
Completely agree

18. An increase in pain is an indication that I should stop what I’m doing until the pain decreases.
0
1
2
3
Completely disagree

4

5

6

7

8

9

10
Completely agree

9

10
Completely agree

19. I should not do my normal work with my present pain.
0
1
2
3
Completely disagree

4

5

6

7

8

Here is a list of 5 activities. Please circle the one number which best describes your current ability to participate in each
of these activities (10-)
20. I can do light work for an hour.
0
1
2
Can’t do it because
pain problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

4

5

6

7

8

9

10
Can do it without
pain being a problem

21. I can walk for an hour.
0
1
2
Can’t do it because
pain problem

3

22. I can do ordinary household chores.
0
1
2
Can’t do it because
pain problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

3

4

5

6

7

8

9

10
Can do it without
pain being a problem

23. I can go shopping.
0
1
2
Can’t do it because
pain problem
24. I can sleep at night.
0
1
2
Can’t do it because
pain problem
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Appendix X: Back pain: individualised functional restoration versus advice – all
disc features
Outcome

Number
included
(IFR/Advice)

Unadjusted Mean
(SD)

Adjusted SMD
(95% CI)

Adjusted
between-group
difference
(95% CI)‡

p-value*

IFR

Advice

5 discogenic features
Baseline
38/28
5 week
37/26
10 week
37/26
26 week
36/24
52 week
36/24

5.8 (1.7)
4.1 (2.1)
3.3 (2.2)
3.7 (2.4)
3.2 (2.8)

5.7 (1.9)
4.1 (2.7)
3.8 (2.5)
4.1 (2.4)
3.5 (2.2)

0.0 (-0.5 to 0.5)
0.2 (-0.3 to 0.7)
0.2 (-0.3 to 0.7)
0.1 (-0.4 to 0.6)

0.0 (-1.0 to 1.1)
0.6 (-0.7 to 1.8)
0.5 (-0.8 to 1.8)
0.3 (-1.0 to 1.7)

0.956
0.356
0.477
0.621

6 discogenic features
Baseline
26/17
5 week
26/16
10 week
26/16
26 week
25/16
52 week
25/16

5.8 (1.9)
4.0 (2.0)
3.3 (2.3)
3.6 (2.5)
3.5 (2.7)

5.9 (2.0)
3.8 (2.9)
3.5 (2.5)
4.1 (2.8)
3.5 (2.6)

-0.1 (-0.7 to 0.6)
0.1 (-0.7 to 0.6)
0.2 (-0.4 to 0.8)
0.0 (-0.6 to 0.7)

-0.1 (-1.4 to 1.2)
0.2 (-1.3 to 1.7)
0.5 (-0.1 to 2.0)
0.1 (-1.4 to 1.6)

0.826
0.775
0.477
0.915

7 discogenic features
Baseline
16/9
5 week
16/9
10 week
16/9
26 week
15/9
52 week
16/9

5.7 (1.8)
3.7 (1.7)
2.9 (2.4)
3.5 (2.6)
3.0 (2.5)

6.6 (2.0)
4.2 (3.2)
3.6 (2.4)
4.7 (2.6)
4.2 (2.5)

-0.2 (-1.0 to 0.7)
-0.1 (-0.9 to 0.7)
0.1 (-0.7 to 1.0)
0.1 (-0.7 to 0.9

-0.4 (-2.2 to 1.4)
-0.2 (-2.2 to 1.7)
0.4 (-1.6 to 2.3)
0.2 (-1.8 to 2.2)

0.663
0.801
0.713
0.829

-0.5 (-0.4 o 2.0)
-0.1 (-1.2 to 1.0)
-0.4 (-1.6 to 0.7)
-0.1 (-1.2 to 1.0)

-1.4 (-3.6 to 0.8)
-0.2 (-2.8 to 2.5)
-1.4 (-4.3 to 1.5)
-0.2 (-3.2 to 2.7)

0.213
0.896
0.335
0.879

8 discogenic features
Baseline
8/5
5 week
8/5
10 week
8/5
26 week
7/5
52 week
8/5

5.3 (1.7)
3.6 (1.6)
2.6 (2.0)
4.4 (2.8)
2.4 (2.1)

6.8 (1.9)
3.8 (3.4)
4.0 (2.9)
4.4 (3.5)
3.7 (2.3)

9 discogenic features
Baseline
1/2
5.0 (n/a)
7.5 (0.7)
5 week
1/2
2.0 (n/a)
2.5 (3.5)
10 week
1/2
0.0 (n/a)
4.0 (2.8)
26 week
1/2
1.0 (n/a)
4.0 (5.7)
52 week
1/2
1.0 (n/a)
5.3 (1.1)
IFR = Individualised functional restoration
‡ Adjusted values were obtained using a linear mixed models and adjusted for baseline score
*p-values were significance values obtained from a linear mixed model, and indicates statistically
significant (p=<.05) within-group change from baseline
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Appendix Y: Leg pain: individualised functional restoration versus advice – all
disc features
Outcome

Number
included
(IFR/Advice)

Unadjusted Mean
(SD)

Unadjusted
SMD (95% CI)

Adjusted
between-group
difference
(95% CI)‡

p-value*

IFR

Advice

5 discogenic features
Baseline
33/25
5 week
32/23
10 week
32/23
26 week
31/21
52 week
31/21

4.7 (2.9)
3.1 (2.7)
3.8 (2.6)
2.5 (2.7)
2.0 (2.5)

4.6 (2.5)
4.0 (2.7)
2.0 (2.6)
3.2 (2.7)
2.4 (2.4)

0.3 (-0.3 to 0.5)
0.6 (0.1 to 1.2)
0.1 (-0.4 to 0.7)
0.1 (-0.5 to 0.6)

0.7 (-0.5 to 1.9)
1.6 (0.4 to 2.9)
0.4 (-0.9 to 1.6)
0.2 (-1.0 to 1.4)

0.253
0.008
0.568
0.761

6 discogenic features
Baseline
22/14
5 week
22.13
10 week
22/13
26 week
21/13
52 week
21/13

4.6 (3.1)
3.1 (2.8)
2.0 (2.6)
2.9 (2.8)
2.7 (2.7)

5.0 (1.7)
4.4 (2.7)
4.1 (2.3)
3.3 (2.6)
2.4 (2.1)

0.4 (-0.4 to 1.0)
0.4 (0.0 to 1.4)
0.4 (-0.7 to 0.7)
0.4 (-0.9 to 0.4)

0.8 (-0.6 to 2.2)
1.7 (0.3 to 3.1)
-0.1 (-1.5 to 1.4)
-0.6 (-2.0 to 0.8)

0.261
0.021
0.937
0.391

7 discogenic features
Baseline
15/7
5 week
15/7
10 week
15/7
26 week
14/7
52 week
15/7

5.3 (3.1)
3.3 (2.8)
2.3 (2.8)
3.1 (3.0)
3.0 (2.6)

5.1 (1.9)
4.7 (2.8)
4.4 (1.8)
3.6 (2.1)
2.0 (1.8)

0.5 (-0.4 to 1.4)
0.8 (-0.1 to 1.8)
0.2 (-0.7 to 1.1)
-0.3 (-1.2 to 0.6)

1.5 (-0.3 to 3.3)
2.3 (0.5 to 4.0)
0.6 (-1.2 to 2.3)
-0.8 (-2.6 to 1.0)

0.091
0.014
0.527
0.371

0.5 (-0.8 to 1.7)
1.0 (-0.3 to 2.4)
0.0 (-1.2 to 1.3)
-0.3 (-1.6 to 0.9)

1.4 (-0.8 to 3.7)
2.4 (0.2 to 4.7)
0.1 (-2.2 to 2.4)
-0.7 (-3.0 to 1.6)

0.207
0.036
0.908
0.543

8 discogenic features
Baseline
8/4
5 week
8/4
10 week
8/4
26 week
7/4
52 week
8/4

5.4 (2.1)
3.5 (2.6)
2.3 (2.5)
3.3 (3.0)
2.6 (2.0)

4.5 (1.9)
4.0 (3.6)
3.8 (1.0)
2.5 (2.1)
1.0 (1.4)

9 discogenic features
Baseline
1/1
5 week
1/1
10 week
1/1
26 week
1/1
52 week
1/1

5.0 (n/a)
2.0 (n/a)
1.0 (n/a)
2.0 (n/a)
1.0 (n/a)

2.0 (n/a)
0.0 (n/a)
3.0 (n/a)
0.0 (n/a)
1.0 (n/a)

IFR = Individualised functional restoration
‡ Adjusted values were obtained using a linear mixed models and adjusted for baseline score
*p-values were significance values obtained from a linear mixed model, and indicates statistically
significant (p = <.05) within-group change from baseline
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Appendix Z: Activity limitation individualised functional restoration vs advice –
all disc features
Outcome

Number
included
(IFR/Advice)

Unadjusted Mean (SD)

Unadjusted
SMD (95% CI)

Adjusted betweengroup difference
(95% CI)‡

pvalue
*

IFR

Advice

5 discogenic features
Baseline
38/28
5 week
37/26
10 week
35/26
26 week
35/23
52 week
36/24

32.0 (11.2)
27.1 (13.4)
19.6 (13.5)
18.2 (13.1)
18.6 (14.8)

32.1 (12.5)
28.8 (18.0)
24.7 (15.2)
23.7 (17.2)
19.8 (16.1)

0.1 (-0.4 to 0.6)
0.3 (-0.2 to 0.8)
0.3 (-0.2 to 0.9)
0.0 (-0.5 to 0.5)

1.4 (-5.0 to 7.8)
4.7 (-1.8 to 11.1)
4.9 (-1.7 to 11.5)
0.4 (-6.1 to 7.0)

0.672
0.155
0.142
0.894

6 discogenic features
Baseline
26/17
5 week
26/16
10 week
25/16
26 week
25/16
52 week
25/16

34.6 (11.9)
27.3 (12.4)
21.5 (14.5)
19.2 (13.2)
20.5 (14.4)

33.9 (13.1)
26.4 (17.0)
22.9 (16.5)
23.6 (16.9)
17.1 (15.5)

0.0 (-0.7 to 0.6)
0.1 (-0.5 to 0.6)
0.4 (-0.3 to 1.0)
-0.2 (-0.8 to 0.5)

0.0 (-7.2 to 7.1)
2.2 (-5.0 to 9.4)
5.5 (-1.7 to 12.7)
-2.6 (-9.8 to 4.6)

0.996
0.547
0.131
0.478

7 discogenic features
Baseline
16/9
5 week
16/9
10 week
15/9
26 week
15/9
52 week
16/9

39.5 (12.0)
30.9 (12.6)
23.0 (16.1)
20.1 (13.6)
21.1 (13.6)

36.9 (14.5)
29.7 (14.5)
26.4 (15.1)
28.2 (17.1)
18.0 (13.7)

0.1 (-0.7 to 0.9)
0.4 (-0.4 to 1.2)
0.7 (-0.1 to 1.6)
0.0 (-0.8 to 0.8)

1.4 (-8.1 to 10.9)
6.1 (-3.5 to 15.7)
11.3 (1.7 to 20.8)
-0.5 (-10.0 to 9.0)

0.771
0.208
0.022
0.924

38.3 (9.5)
28.5 (13.9)
21.3 (14.2)
19.7 (11.6)
17.1 (10.6)

38.8 (12.4)
35.0 (14.8)
30.6 (19.7)
28.4 (23.9)
16.8 (16.5)

0.4 (-0.7 to 1.5)
0.5 (-0.7 to 1.7)
0.5 (-0.7 to 1.7)
-0.1 (-1.2 to 1.1)

6.0 (-7.1 to 19.0)
8.6 (-4.7 to 21.9)
9.1 (-4.2 to 22.4)
-0.9 (-14.0 to 12.2)

0.364
0.196
0.174
0.893

36.0 (n/a)
26 (n/a)
n/a
24.0 (n/a)
24.0 (n/a)

40.0 (2.8)
30.5 (20.5)
28.5 (27.6)
28.0 (33.9)
21.0 (12.7)

8 discogenic features
Baseline
8/5
5 week
8/5
10 week
7/5
26 week
7/5
52 week
8/5
9 discogenic features
Baseline
1/2
5 week
1/2
10 week
0/2
26 week
1/2
52 week
1/2

IFR = Individualised functional restoration
‡ Adjusted values were obtained using a linear mixed models and adjusted for baseline score
*p-values were significance values obtained from a linear mixed model, and indicates statistically
significant (p=<.05) within-group change from baseline
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Appendix AA: Sensitivity analysis for primary outcomes measures
Outcome

Number
included
(IFR/Advice)

Unadjusted Mean (SD)

IFR

Adjusted SMD
(95% CI)

Adjusted
between-group
difference
(95% CI)*

p-value

Advice

Back pain (0-10 numerical rating scale)
Baseline
50/46
5.7 (1.8)
5 week
50/46
3.8 (2.2)
10 week
50/46
3.1 (2.4)
26 week
50/46
3.2 (2.5)
52 week
50/46
2.9 (2.8)

5.7 (1.8)
4.4 (2.5)
4.3 (2.5)
4.3 (2.6)
3.5 (2.4)

0.3 (-0.1 to 0.7)
0.5 (0.1 to 0.9)
0.4 (0.0 to 0.8)
0.2 (-0.2 to 0.6)

0.6 (-0.2 to 1.4)
1.1 (0.2 to 2.1)
1.0 (0.0 to 2.1)
0.5 (-0.6 to 1.6)

0.134
0.024
0.051
0.340

Leg pain (0-10 numerical rating scale)
Baseline
41/40
4.6 (2.9)
5 week
41/40
3.1 (2.8)
10 week
41/40
2.2 (2.7)
26 week
41/40
2.4 (2.7)
52 week
41/40
2.1 (2.8)

4.7 (2.5)
4.0 (2.7)
3.6 (2.7)
3.5 (3.0)
2.4 (2.5)

0.3 (-0.1 to 0.7)
0.5 (0.1 to 0.9)
0.4 (-0.1 to 0.8)
0.1 (-0.3 to 0.6)

0.8 (-0.2 to 1.9)
1.4 (0.3 to 2.5)
1.1 (0.0 to 2.2)
0.4 (-0.7 to 1.5)

0.121
0.010
0.049
0.441

30.3 (11.8)
27.0 (17.2)
24.4 (15.4)
23.4 (17.3)
18.2 (14.0)

0.1 (-0.3 to 0.5)
0.4 (0.0 to 0.8)
0.4 (0.0 to 0.8)
0.1 (-0.3 to 0.5)

1.9 (-3.1 to 6.9)
5.4 (0.4 to 10.4)
5.8 (0.8 to 10.8)
1.4 (-3.6 to 6.5)

0.459
0.035
0.024
0.572

Activity limitation (Oswestry)
Baseline
50/46
5 week
50/46
10 week
50/46
26 week
50/46
52 week
50/46

30.3 (11.0)
25.1 (12.6)
19.0 (14.1)
17.6 (14.5)
16.7 (14.5)

IFR = Individualised functional restoration
* Adjusted values were obtained using a linear mixed models and adjusted for baseline score
‡p-values were significance values obtained from a linear mixed model, and indicates statistically significant
(p=<0.05) within-group change from baseline
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