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PREFACE

This thesis by publication is arranged in six chapters and written so that each chapter can be 

read independently of each other. The studies included in this thesis investigate the prevention 

of low back pain (Chapters Two to Chapter Four), and prevention of neck pain (Chapter Five). 

Some of the work presented in Chapters Two to Chapter Five has been published in peer-

reviewed journals. Macquarie University allows published manuscripts that arise from the 

candidature to be included in the thesis.    

The introductory Chapter One provides comprehensive background information on the topics 

that will be presented in the remaining chapters of the thesis. Chapter Two is the protocol for a 

randomised controlled trial describing the rationale and methodology involved in the trial 

investigating the effectiveness of McKenzie-based self-management approach for the 

secondary prevention of a recurrence of low back pain. The study protocol is presented as the 

paper published in Physical Therapy. Chapter Three is a randomised controlled trial 

investigating the effectiveness of the McKenzie-based self-management exercise and education 

program for the secondary prevention of a recurrence of low back pain. The trial is presented as 

a manuscript submitted to the Journal of Physiotherapy and has recently been accepted for 

publication. Chapter Four consists of a systematic review and meta-analysis investigating the 

evidence for prevention strategies to reduce future impact of low back pain. This study is 

presented as a manuscript submitted to the British Journal of Sports Medicine and has recently 

been accepted for publication. Chapter Five is a systematic review and meta-analysis 

investigating the evidence for strategies to prevent neck pain. This study is presented as a 

manuscript published in the Journal of Physiotherapy. Chapter Six is an overview of the key 

findings with clinical implications and some future research directions.

Each chapter in this thesis contains its own reference list. Appendices that were published as 

online supplementary material are included at the end of the relevant chapter. Any other 

additional appendices and supplementary material not related to individual chapters are 

included at the end of the thesis. Ethical approval was obtained from Macquarie University 

Human Research Ethics Committee for the randomised controlled trial (ref number: 
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5201600187) reported in Chapter Two and Chapter Three. Chapter Four and Chapter Five did

not require ethical approval. All studies presented in this thesis were prospectively registered. 

The randomised controlled trial presented in Chapter Two and Chapter Three was registered

with the Australian New Zealand Clinical Trial Registry (ANZCTR): 12616000926437. The 

systematic review presented in Chapter Four was registered in PROSPERO (CRD42018107946).

The systematic review presented in Chapter Five was also registered in PROSPERO

(CRD42017055174).  
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ABSTRACT

Spinal pain, including low back pain and neck pain, are among the leading causes of disability, 

affecting over half a billion people around the world. Despite much research over the past 

three decades devoted to increasing understanding of spinal pain, the burden associated with 

this condition has failed to reduce. Effective strategies to prevent spinal pain are important to 

reducing the global burden. Given the recurrent nature of spinal pain, interventions that can 

reduce the risk of recurrence in those who have previously experienced an episode are 

particularly important.

The broad aims of the work presented in this thesis were to, (1) investigate the effectiveness of 

a McKenzie-based self-management exercise and education program, following the 

Mechanical Diagnosis and Therapy principles, in preventing a recurrence of low back pain 

(Chapter Two and Chapter Three) and (2) to synthesise the available literature investigating 

prevention strategies aiming to reduce future impact of low back pain (Chapter Four); as well 

as, the literature investigating prevention strategies aiming to reduce the risk of neck pain 

episodes (Chapter Five).

The studies presented in Chapter Two and Chapter Three outline the design and results of a 

randomised controlled trial evaluating the effectiveness of the McKenzie-based self-

management exercise and education program as secondary prevention for a recurrence of low 

back pain. Findings from this randomised controlled trial suggest that the intervention did not 

produce a substantial reduction on the risk of a new episode of activity-limiting low back pain 

when compared to the control group; however, this intervention program may reduce the risk 

of episodes of low back pain that result in a person seeking care. Although the effect on 

episodes resulting in care seeking looks promissing, the confidence intervals include no effect 

so caution is required. We found no substantial effect between groups when assessing the 

overall personal impact of low back pain over 12-months. In Chapter Four, we systematically 

reviewed the literature evaluating the effectiveness of prevention strategies to reduce future 

impact of low back pain. The results of this study indicated that exercise programs can reduce 

future low back pain intensity, and that exercise combined with education can reduce future 

disability due to low back pain. 
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In Chapter Five, the effectiveness of intervention strategies to prevent an episode of neck pain 

was investigated through a systematic review of the literature. This review showed that 

exercise programs may be effective in preventing a new episode of neck pain.

In conclusion, findings from the randomised controlled trial (Chapter Three) provided evidence 

that a McKenzie-based self-management exercise and education program was no more 

effective than minimal intervention in reducing recurrences of low back pain; however, it may 

produce a substantial reduction in recurrences resulting in healthcare-seeking. In contrast, the 

systematic reviews presented in this thesis provided promising results. The evidence from the 

study in Chapter Four suggests that exercise-based and education interventions may reduce 

future low back pain intensity and associated disability, while the study in Chapter Five 

provides evidence that exercise-based programs may be effective in preventing a new episode 

of neck pain.
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CHAPTER ONE

Introduction
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1.1 Definitions and classifications of spinal pain 

1.1.1 Diagnostic triage classification of spinal pain 

Spinal pain is a symptom not a disease and includes pain experienced in the cervical, thoracic 

and lumbar spine regions. Rarely spinal pain is caused by specific spinal pathology such as 

fracture, cancer or infection (<1%).1 2 Spinal pain can also be associated with radicular 

syndrome (radicular pain and/or radiculopathy) in approximately 5% to 10% of cases.1 2 

However, for the majority of people (90% to 95%) presenting with spinal pain, the nociceptive 

source of pain cannot be identified, so the term non-specific spinal pain is used to convey the 

diagnostic uncertainty.1 2    

 

1.1.2 Spinal pain can be classified by the location of the pain  

Spinal pain can also be classified by the location of the pain. Pain experienced in the cervical 

spine, most commonly known as neck pain, is defined by The Bone and Joint Decade 2000 – 

2010 Task Force on Neck Pain and its Associated Disorders, as pain or discomfort in the 

posterior neck region from the superior nuchal line down to the spine of the scapula (Figure 

1.A), and laterally down to the superior border of the clavicle and the suprasternal notch 

(Figure 1.B), with or without symptoms referred to the upper limbs.3 4 

 

  

Figure 1. The anatomic region of the neck from the back (A) and the side (B) as defined by The Bone and 

Joint Decade 2000–2010 Task Force on Neck Pain and its Associated Disorders.3 (Image reproduced with 

permission from Springer Nature – Appendix 1) 

 

Pain experienced in the thoracic spine, also known as mid-back pain, is defined as pain 

experienced in the region of the thoracic spine, between the boundaries of the 1st thoracic and 

12th thoracic vertebrae and across the posterior aspect of the trunk.5 6 
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Pain experienced in the lumbar region, commonly known as low back pain, is defined as pain 

and discomfort typically involving the area between the 12th rib and the buttock crease, with or 

without symptoms referred to the legs.7 8 This thesis will focus on low back pain and neck pain 

as these conditions are among the top 10 in terms of Years Lived with Disability (YLDs),9 and 

these are the spinal regions where prevention of pain is most important.  

 

 

Figure 2. The anatomic region of lower back pain.10 (Image reproduced with permission from Springer Nature 

– Appendix 2) 

 

1.1.3 Spinal pain is commonly further classified by the duration of symptoms  

Spinal pain can also be classified according to symptom duration into acute, subacute and 

persistent pain. The duration of symptom used to define the transition from an acute to a 

subacute episode of spinal pain is 6-weeks in most literature, while the transition from a 

subacute episode to a persistent episode is usually considered to be 3-months.11 12 

 

1.2 Prevalence of spinal pain  

The estimates of the prevalence of low back pain and neck pain for the adult population vary 

substantially between studies. This large variability in prevalence estimates is likely due to 

methodological differences across studies (e.g. variation in case definition, recall period) 

combined with heterogenous populations in terms of age, sex, culture and geographic 

location.13-15  

 

The global point prevalence of low back pain is reported to range from 12% to 40% while the 1-

year prevalence ranges from 10% to 56%.15 In 2012, Hoy and colleagues conducted a systematic 
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review of the global prevalence of low back pain.16 The authors reported a mean point 

prevalence of 18.3%, and 1-year mean prevalence of 38%. For neck pain, the mean point 

prevalence across different studies was reported to be 14.4% ranging between 0.4% and 41.5%, 

and a 1-year mean prevalence of about 26% ranging from 5% to 80%.14 The best estimate of 

neck pain prevalence comes from the Global Burden of Disease 2010 study.17 The authors 

estimated a global age-standardised point prevalence of neck pain to be around 5%. Prevalence 

is typically higher in females for both low back pain and neck pain.14 16-18 The prevalence of pain 

is also associated with age, typically peaking between 40 to 69 years for low back pain, and 35 

to 49 years for neck pain.14-17 Not all spinal pain is associated with an impact on activities of 

daily living. The mean point prevalence of activity-limiting low back pain is approximately 12%, 

and 1-year mean prevalence around 40%.16 19 For activity-limitation due to neck pain, the 1-

year mean prevalence in the general population is estimated to be 11.5%.20 Spinal pain is a 

common reason for seeking healthcare. Woodhouse and colleagues estimated the percentage 

of care-seeking after a new episode of low back pain or neck pain using data from the HUNT 

Study.21 The reported estimates of care-seeking due to low back pain and neck pain in the 

general community was around 45%. 

 

1.3 The global burden and economic cost associated with spinal pain 

Spinal pain affects over half a billion people around the world.22 23 The Global Burden of Disease 

Study 2016 estimated Years Lived with Disability (YLDs) for 195 countries between 1990 and 

2016. In this study, low back pain ranked 1st, neck pain ranked 6th in terms of YLDs, and together 

they have contributed an estimated 86.6 million (95% CI, 61.3 to 113.6 million) YLDs. The total 

number of YLDs due to neck pain and low back pain has increased by 19.3% from 2006 to 2016, 

and this figure is expected to continue to increase due to the ageing and increasing population.9 

 

In many countries, the economic costs associated with spinal pain are huge.24 25 In the United 

States the estimated direct cost (health care expenditure) and indirect cost (e.g., productivity 

losses) related to low back pain and neck pain was around US$87 billion in 2013,26 and in 

Australia, the total estimated cost related to low back pain was approximately AU$9 billion.24 A 

systematic review investigating the costs associated with low back pain in eight different 

countries reported that the largest proportion of direct medical costs for low back pain was 

spent on physiotherapy (17%) and inpatient services (17%), followed by pharmacy (13%), and 

primary care (13%);27 however direct medical costs represent only a small percentage of the 
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total low back pain costs. Most of the total estimated costs in these studies are indirect costs 

resulting from lost work productivity.27 Data from these studies suggest that effective spinal 

pain prevention strategies targeting disability and days lost from work have the potential to 

substantially reduce the economic burden associated with spinal pain conditions.   

 

1.4 The course of spinal pain 

The available literature suggests that an acute episode of spinal pain typically has a favourable 

prognosis, with most people recovered or greatly improved in the first few weeks after onset.12 

28-30 A 2012 systematic review, including a total of 33 cohort studies, investigated the clinical 

course of pain and disability in patients with acute and persistent low back pain. The pooled 

mean pain score (0 to 100 pain rating scale), from 15 cohort studies, indicated that most people 

presenting with acute low back pain improved markedly within the first 6-weeks. The pain 

reduced from 52 (95% CI, 48 to 57) points at baseline down to 23 (95% CI, 21 to 25) at 6 weeks; 

however, after 6 weeks improvement slows, and by one year, the mean levels of pain are 

estimated to be low at 6 (95% CI, 3 to 10) points.30 In this same study, the course of disability 

followed a similar course to that of pain.   

 

The course of acute neck pain is also favourable but probably not as good as low back pain. A 

systematic review of the literature on the prognosis of acute non-specific neck pain and 

disability was conducted in 2011 by Hush and colleagues.31 This review included six studies and 

reported a pooled mean pain score (0 to 100 pain rating scale) of 64 (95% CI, 61 to 67) at onset, 

35 (95% CI, 32 to 38) at 6.5-weeks, and 42 (95% CI, 39 to 45) at 12-months. Disability, reduced 

from a pooled weighted mean score (0 to 100 disability rating scale) at onset of 30 (95% CI, 28 

to 32) to 17 (95% CI, 15 to 19) by 6.5 weeks, without further improvement at 12-months. This 

study used less sophisticated data analysis methods for pooling the data across the studies 

when compared to the 2012 systematic review on low back pain prognosis,30 so the less 

favourable prognosis needs to be treated with some caution.   

 

Focusing on the mean population course, in terms of pain or disability, has been challenged as 

it does not represent the different courses of many individuals with spinal pain.32 Therefore, 

some contemporary studies have turned their focus to investigating and identifying common 

spinal pain trajectories, which could better reflect the individual variability in the prognosis of 

spinal pain.  
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1.4.1 Individual trajectories of spinal pain 

In a pioneering 2006 study,33 Dunn and colleagues identified four different pain trajectories in a 

sample with low back pain over one-year. These included: persistent mild pain (n = 122, 36%); 

recovered (n = 104, 30%); severe chronic pain (n = 71, 21%); and, fluctuating pain (n = 45, 13%). 

The long-term trajectory was confirmed after seven-years follow-up for this study.34 Further, in 

2015, Kongsted and colleagues identified low back pain trajectories of 1,082 patients using low 

back pain intensity measured weekly over a 1-year period.35 The authors identified eight 

subgroups of pain trajectories using mean low back pain intensity and the mean number of 

days with low back pain (latent class cluster model iv). Two of the identified trajectories 

included complete recovery (recovery and late recovery; 33% of participants) and one trajectory 

(severe on-going; 6% of participants) included ongoing high levels of pain. Most participants 

(61%) followed other trajectories that typically involved fluctuation and episodic pain (weeks 

with pain separated by pain-free periods).  

 

Only a few studies have investigated neck pain trajectories.36 37 In 2018, Ailliet and colleagues 

studied the course of both neck pain and low back pain over 26-weeks in patients presenting to 

chiropractors in Belgium and the Netherlands using latent class growth analysis. Within the 

neck pain sub-sample, the ‘recovering from mild baseline pain’ class was the most prevalent 

(73.9%) representing those patients who start with mild levels of pain and improve to very low 

levels throughout the follow-up period. The ‘recovering from severe baseline pain’ class was the 

second most prevalent (16.3%) representing those patients with severe pain at baseline who 

experience a reduction of pain over the first 6 weeks and then remain at very low levels of pain. 

The ‘severe-chronic’ class (7.2%), represents those patients who had permanently high levels of 

pain throughout the follow-up period. The ‘recovering from mild baseline pain with a flare-up’ 

class (2.6%) was the least prevalent in this study, representing patients who had a flare-up part-

way through the study follow-up.37 Further, Hallman and colleagues in 2018 identified six 

distinct neck-shoulder pain trajectory patterns over a 1-year follow-up period for 748 Danish 

workers.36 The study found that over 60% of the study participants recovered and about 25% 

had a fluctuating pattern over the study follow-up period. Results from these studies on pain 

trajectories suggest that commonly spinal pain episodes are short-lived with a significant 

proportion of people improving rapidly; however, in the long-term, this condition often has an 

episodic course or fluctuating pattern. 
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1.5 The recurrent nature of spinal pain 

Despite the favourable prognosis and high initial recovery rates from an episode of low back 

pain and neck pain, recurrent episodes are believed to be common, and one of the main 

reasons for the global social and economic burden.3 14 15 38 Assessing the rates of recurrence for 

spinal pain has been made difficult by the lack of a standardised definition of recurrence of 

spinal pain. In a 2011 Delphi study, Stanton and colleagues defined a recurrence of an episode 

of low back pain as “a return of low back pain lasting at least 24-hours with a pain intensity of 

>2 on an 11-points numeric rating scale (NRS), following a period of at least 30-days pain-

free”.39 A similar definition has been used in the literature for a new episode of neck pain: “an 

episode of neck pain lasting at least 24 hours, with a pain intensity of greater than 2 on an 11-

points NRS and at least 30-days pain-free episode between episodes”.40 

 

The 1-year rates of recurrence of low back pain reported in the literature range from around 

30% to 80%,41-43 while for neck pain the estimates are from 50% to 85% one to five years 

later.44 Likely reasons for the observed variability in estimates of recurrence include lack of 

standardisation of how recurrence is defined and also the inclusion of both survival cohorts and 

inception cohorts. Survival cohorts include participants who recovered from their last episode 

of low back pain or neck pain at different times producing variable and biased estimates of the 

risk of recurrence.   

 

A recent systematic review of the literature investigating the risk of recurrence of low back pain 

included eight studies.45 This review reported that only one study was considered to have an 

appropriate estimate for rate of a recurrence of low back pain within 1-year as the authors 

used a short inception period. This study conducted by Stanton and colleagues reported an 

estimated recurrence rate of 33%.42 The authors in this review, however, suggested that it was 

not yet possible to obtain reliable estimates of recurrence proportions as most included studies 

have small sample sizes, and low methodological quality. 

 

To overcome this gap in the literature Da Silva and colleagues conducted a high-quality 

prospective inception cohort study in Australia including 250 participants who had recovered 

from an episode of low back pain within the previous month.19 This study investigated how 

commonly low back pain recurrences occur within 1-year of recovering from a previous episode 
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of low back pain, using three different definitions of low back pain recurrence. The primary 

outcome in this study was recurrence of low back pain based on the consensus definition 

published by Stanton and colleagues: “a return of low back pain lasting at least 24-hours with a 

pain intensity of >2 on an 11-points numeric rating scale”.39 The other two recurrence 

definitions were: (i) a return of an episode of low back pain lasting at least 24-hours with a pain 

intensity of >2 on an 11-points numeric rating scale, leading to at least moderate activity-

limitation, and ii) a return of an episode of low back pain lasting at least 24-hours with a pain 

intensity of >2 on an 11-points numeric rating scale, causing care-seeking. The study found that 

by 1-year, 69% (95% CI, 62 to 74) of participants experienced a recurrence of any episode of 

low back pain, 40% (95% CI, 33 to 46) of participants had a recurrence of an episode of low back 

pain leading to at least moderate activity-limitation, and 41% (95% CI, 34 to 46) of participants 

had a recurrence of low back pain for which healthcare was sought.19 Results from this study 

confirmed the high rates of recurrence and the need for effective strategies to prevent 

recurrences of spinal pain.  

 

1.6 Prevention of spinal pain 

Despite the clear evidence that spinal pain is a long term problem characterised by recurrent 

episodes,19 32-35 37 there has been very little attention on strategies for the prevention of spinal 

pain. Over the last two decades, the number of randomised controlled trials investigating 

interventions for spinal pain has grown rapidly; however, the vast majority have tested 

interventions to treat spinal pain and very few have investigated prevention strategies.46 47 

Therefore, greater understanding regarding effective strategies to prevent spinal pain 

represents an important research priority.17 48 49 

 

1.6.1 Prevention interventions are commonly classified into three levels 

It is important when considering prevention to distinguish the definitions commonly used in the 

literature. Prevention is typically classified under three levels: primary, secondary, and tertiary 

prevention.50 Primary prevention aims to prevent the onset of the condition in people who 

have never experienced the condition (i.e. preventing the first-ever episode of the disease). 

Secondary prevention involves identifying people who have experienced the condition; 

however, are not currently experiencing signs and symptoms of the disease (i.e. preventing the 

occurrence of a new episode – recurrence). The objective of tertiary prevention is to reduce 

further complications associated with the condition in those with established disease.50 In the 
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context of spinal pain, it could be argued that primary prevention refers to preventing the first-

ever episode of spinal pain. Given the available epidemiological data, this would typically 

include prevention strategies in children as the rates of spinal pain rise rapidly during the 

teenage years and are comparable to adult rates by the age of 18 years.51 On the other hand, 

secondary prevention of spinal pain may involve preventing recurrences of spinal pain in those 

who have recovered from a previous episode of spinal pain. Given the high rates of recurrence 

reported in the literature,19 secondary prevention of recurrent episodes appears particularly 

important for spinal pain. Tertiary prevention of spinal pain could involve strategies to prevent 

flare-ups in those with low levels of pain or strategies to reduce the impact of spinal pain such 

as work absenteeism and loss of function. 

 

1.6.2 Evidence on the prevention of low back pain 

Few systematic reviews investigating strategies to prevent low back pain have been 

published.46 47 52-54 Of the few available, most have methodological limitations such as inclusion 

of non-randomised controlled trials,47 no assessment of the strength of evidence (e.g. using the 

Grading of Recommendations Assessment, Development, and Evaluation system),53 54 and not 

following a pre-specified published protocol.52 53 

 

In 2016, Steffens and colleagues46 published a high-quality systematic review and meta-analysis 

investigating interventions aiming to prevent a new episode of low back pain. This review 

included 23 trial reports and found moderate-quality evidence that an exercise program in 

combination with education reduces the risk of a new episode of low back pain by 45% (RR, 

0.55; 95% CI, 0.41 to 0.74), and low-quality evidence that an exercise program alone may 

reduce the risk by 35% (RR, 0.65; 95% CI, 0.50 to 0.86); however, most other intervention 

strategies such as education alone, use of back-belts, use of shoe insole, and ergonomic 

programs either lacked evidence or appeared to be ineffective. 

 

Despite the evidence that prevention programs involving exercise and education are effective 

in preventing low back pain, most of these trials investigate exercise programs which are 

relatively costly and time-consuming group-based classes; for example one trial provided 20 

exercise sessions over 3 months.55 In addition to the cost and time, these programs are 

relatively inflexible and often difficult to access, reducing the likelihood of successful 

implementation of these prevention programs on a large scale. 
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1.6.3 Barriers to implementation of current prevention strategies 

Despite the evidence for the effectiveness of exercise and education programs for the 

prevention of spinal pain, these prevention programs do not appear to be widely 

implemented.49 Barriers to implementation may include high-cost and time-consuming 

programs that make these prevention approaches relatively inflexible and inaccessible for many 

people. Previous studies have investigated possible barriers to adherence and implementation 

of such programs.56 57 In a recent randomised controlled pilot study (12 participants) 

investigating an exercise and education program for preventing recurrence of low back pain, 

the authors explored the feasibility and acceptability of a physiotherapist-led group exercise 

and education program delivered over 8 weeks (eight, one-hour session per week) after an 

initial one-hour assessment session.57 This study reported that the lack of flexible times to do 

the sessions, and travel time to locations may impact the acceptability of the intervention 

program. Barriers such as those reported in this feasibility study are likely to reduce 

intervention adherence and importantly make it challenging to implement these programs in 

the community.   

 

1.6.4 Need for flexible, self-management approach for prevention of spinal pain 

To overcome some of the barriers to widescale implementation of exercise and education 

prevention programs it is important to investigate alternative approaches that are still likely 

effective but are easier to implement. An example is the study by Larsen and colleagues that 

investigated the effect of a simple exercise program involving passive prone back extensions 

performed twice daily over ten months, and the McKenzie method-based education, in male 

military conscripts.60 In this trial, the authors reported a relative risk reduction of an episode of 

low back pain of 64% (RR, 0.36; 95% CI, 0.18 to 0.73) when compared to no intervention control 

group. This trial however recruited a heterogeneous population with and without current low 

back pain (approximately 25% of participants had pain at the start of the study) and reported 

fairly high dropout rate (21%). The study provides preliminary evidence that an intervention 

where people are empowered with skills and knowledge to independently prevent episodes of 

low back pain may be effective. Interventions of this type are likely to be easier to implement 

widely than relatively inflexible and expensive exercise programs based on supervised group 

classes. Moreover, while preventing episodes of low back pain is a clear goal for prevention 

programs, providing individuals with the skills to self-manage minor recurrences without the 
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need to seek care is also important. Self-management programs including education and advice 

seem well suited to providing skills to manage minor recurrences, however, no previous studies 

have investigated the effectiveness of such an approach.    

 

1.6.5 McKenzie method intervention for the prevention of spinal pain 

The McKenzie method of Mechanical Diagnosis and Therapy (MDT), has been widely used by 

physiotherapists all over the world as an individualised approach for people presenting with 

musculoskeletal conditions, including spinal pain. This method aims to make people as 

independent as possible, empowering them with skills that help them self-manage their 

condition.58 A systematic review published in 2018 investigated the effectiveness of the 

McKenzie method for the treatment of pain and disability in people presenting with either 

acute or chronic low back pain.59 This review reported that MDT was no more effective when 

compared to other rehabilitation interventions to reduce pain and disability in people 

presenting with an acute episode of low back pain; however, for people with chronic low back 

pain, the MDT method was superior to other rehabilitation interventions for reducing pain and 

disability.  

 

Despite a large amount of research investigating the McKenzie method for the treatment of 

spinal pain such as low back pain, there is limited evidence for the use of McKenzie method as 

an intervention to prevent spinal pain. To date, only one trial, conducted by Larsen and 

colleagues in 2002, included some elements of the McKenzie approach as part of the 

experimental intervention to prevent low back pain.60 This study presented some limitations 

such as recruiting a mixed population with and without current low back pain, a relatively high 

drop-out rate around 21% and conducting the study in a military setting. Accordingly, it is 

important to investigate if a similar self-management intervention for prevention of low back 

pain recurrence is effective in a broad population sample who have recently recovered from an 

episode of low back pain. Chapter Two and Chapter Three in this thesis present the rationale, 

methodology, and results from a randomised, controlled trial study investigating the 

effectiveness of the McKenzie-based self-management exercise and education program for the 

secondary prevention of a recurrence of low back pain. 
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1.6.6 Evidence for prevention strategies to reduce future low back pain and associated 

disability 

The review by Steffens et al. investigated a traditional approach to prevention including only 

trials enrolling people asymptomatic at study entry and focussed on preventing new episodes 

of low back pain.46 In conditions such as low back pain, where there is commonly a chronic 

fluctuating pattern, it is also important to prevent future impact or complications of the chronic 

disease. Therefore, a complementary approach is to explore whether there are trials 

investigating the effect of interventions evaluating prevention strategies aiming to reduce 

future back pain or disability. An example is a study by Chaleat-Valayer and colleagues61 that 

evaluated the long-term effect of a prevention program to prevent work-related disability 

among hospital workers. Such studies typically include “mixed populations” (i.e. both 

asymptomatic and symptomatic patients) at study entry, rather than restricting inclusion only 

to people without low back pain. These studies provide important information about the 

potential effect of prevention strategies on reducing future low back pain and associated 

disability. No previous systematic review has attempted to synthesise the evidence on the 

effects of prevention strategies aiming to reduce future low back pain and associated disability. 

Therefore, Chapter Four in this thesis presents the results from a systematic review 

investigating the effectiveness of prevention strategies aiming to reduce future low back pain 

and associated disability in a mixed population. 

 

1.6.7 Evidence on the prevention of neck pain 

Previous systematic reviews have investigated interventions to prevent neck pain.47 62-65 

However, none of these reviews investigating strategies for prevention of neck pain included 

only randomised controlled trials. Moreover, four of these reviews included studies 

investigating populations with neck and upper extremity conditions,62-64 66 so it is difficult to 

estimate the effectiveness of interventions on neck pain conditions alone. In 2016, Van Eerd 

and colleagues investigated the evidence of the effect of exercise for preventing upper 

extremity musculoskeletal disorders, including neck pain.62 The evidence from this review is 

that exercise could prevent upper extremity musculoskeletal disorder symptoms. This study, 

however, included study designs other than randomised controlled trials; which are likely to be 

biased. Moreover, this review did not differentiate neck pain from shoulder pain when 

assessing trials for the effectiveness of exercise prevention strategies. A Cochrane review,66 

conducted by Hoe and colleagues in 2012, included 13 randomised controlled trials (2,397 
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participants). The authors reported that most ergonomic interventions were not effective in 

preventing work-related upper limb and neck disorders. The evidence of one meta-analysis in 

this review, including two trials,67 68 demonstrated that the use of ergonomic equipment may 

reduce the incidence of neck/shoulder pain. Similarly to Van Eerd’s review,62 this study included 

reports of studies that did not differentiate neck pain and shoulder pain.  

 

Currently, there is no systematic review of the literature investigating strategies for the 

prevention of an episode of neck pain including only randomised controlled trials. Chapter Five 

in this thesis therefore presents results from a systematic review and meta-analysis 

investigating randomised controlled trials evaluating the effectiveness of intervention 

strategies to prevent a new episode of neck pain. 

 

1.7 Aims of the thesis 

The overall aim of this thesis is to investigate the effectiveness of interventions for preventing 

spinal pain.  

 

Specific aims of this thesis are to: 

 

1. Describe the rationale and methodology involved in the trial investigating the effectiveness 

of McKenzie-based self-management approach for the secondary prevention of a recurrence of 

low back pain (Chapter Two); 

2. Determine the effectiveness of McKenzie-based self-management approach for the 

secondary prevention of a recurrence of low back pain, by conducting a randomised controlled 

trial study (Chapter Three); 

3. Systematically review the current literature on the effectiveness of prevention strategies to 

reduce future impact of low back pain, by performing a systematic review and meta-analysis of 

randomised controlled trials (Chapter Four);  

4. Systematically review the current literature on the effectiveness of interventions to prevent 

an episode of neck pain, by performing a systematic review and meta-analysis of randomised 

controlled trials (Chapter Five). 
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CHAPTER TWO

Effectiveness of McKenzie Method-Based Self-Management

Approach for the Secondary Prevention of a Recurrence of

Low Back Pain (SAFE Trial): Protocol for a Pragmatic

Randomized Controlled Trial
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2.1 Preface 

In Chapter One it was noted that spinal pain is a common condition affecting millions of people 

globally. Despite many years of investigating the best care and treatment for spinal pain, there 

is little research focusing on prevention strategies for spinal pain conditions. Current evidence 

from a 2016 systematic review demonstrates that exercise and education reduce the risk for 

future episodes of low back pain. However, most of the included trials investigated programs 

which were relatively costly and time-consuming. Chapter Two, therefore, presents the 

protocol for a randomised controlled trial describing the rationale and methods of a 

randomised controlled trial investigating a low-cost and less time-consuming exercise and 

education program based on McKenzie principles for the secondary prevention of a recurrence 

of low back pain.

The study presented in Chapter Two has been published as:

de Campos TF, Maher CG, Clare HA, da Silva TM, Hancock MJ. Effectiveness of McKenzie 

method-based self-management approach for the secondary prevention of a recurrence of low 

back pain (SAFE Trial): protocol for a pragmatic randomized controlled trial. Phys Ther. 2017 

Aug 1;97(8):799-806. doi: 10.1093/ptj/pzx046

The ethics approval for this trial is presented in Thesis Appendix 3, and the trial registration

with the Australian New Zealand Clinical Trial Registry (ANZCTR) is presented in Thesis 

Appendix 4. The participant information and consent form is presented in Thesis Appendix 5.
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Effectiveness of McKenzie Method–
Based Self-Management Approach 
for the Secondary Prevention of a 
Recurrence of Low Back Pain (SAFE 
Trial): Protocol for a Pragmatic 
Randomized Controlled Trial
Tarcisio F. de Campos, Chris G. Maher, Helen A. Clare, Tatiane M. da Silva, 
Mark J. Hancock

Background. Although many people recover quickly from an episode of low back
pain (LBP), recurrence is very common. There is limited evidence on effective prevention 
 strategies for recurrences of LBP.

Objective. The purpose of this study was to determine the effectiveness of a McKenzie
method–based self- management  approach in the secondary prevention of LBP.

Design. This will be a pragmatic randomized controlled trial.

Setting. Participants will be recruited from the community and primary care, with the
intervention delivered in a number of physical therapist practices in Sydney, Australia.

Participants. The study will have 396 participants, all of whom are at least 18 years
old.

Intervention. Participants will be randomly assigned to either the McKenzie  method–
based self-management approach group or a minimal intervention control group.

Measurements. The primary outcome will be days to first self-reported recurrence
of an episode of activity-limiting LBP. The secondary outcomes will include: days to first 
self- reported recurrence of an episode of LBP, days to first self-reported recurrence of an 
episode of LBP leading to care seeking, and the impact of LBP over a 12-month period. 
All participants will be followed up monthly for a minimum of 12 months or until they 
have a recurrence of activity-limiting LBP. All participants will also be followed-up at 3, 6, 
9, and 12 months to assess the impact of back pain, physical activity levels, study program 
adherence, credibility, and adverse events.

Limitations. Participants and therapists will not be masked to the interventions.

Conclusions. To our knowledge, this will be the first large, high-quality randomized con-
trolled trial investigating the effectiveness of a McKenzie method–based self- management 
approach for preventing recurrences of LBP. If this approach is found to be effective, it 
will offer a low-cost, simple method for reducing the personal and societal burdens of LBP.
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Low back pain (LBP) is the health 
condition that carries the great-
est burden worldwide accounting 

for approximately 10.7% of total years 
lived with disability, according to  recent 
Global Burden of Disease Studies re-
ports.1-3 The point prevalence of activi-
ty-limiting LBP, lasting more than 1 day, 
is estimated to be 11.9%,4 and 1-month 
prevalence of activity-limiting LBP is 
around 23.2%.4 Additionally, almost half 
of the people who experience LBP are 
expected to seek care.5 Therefore, the 
direct and indirect costs related to LBP 
are enormous: approximately $9  billion 
annually in Australia6 and $90 billion in 
the United States.7

The majority of people with an episode 
of nonspecific LBP improve  quickly;8,9 
more than 80% recover within 3 
months.10 However, recurrences of back 
pain are common, with 12-month re-
currence rates reported in the literature 
ranging from 24% to 80%.11-13 Thus, the 
recurrent nature of LBP is one of the 
major reasons why the condition carries 
such a large social and economic bur-
den worldwide.

Although thousands of trials have been 
conducted to investigate treatments for 
LBP, surprisingly few have investigated 
interventions to prevent LBP. A 2016 
systematic review on prevention of 
LBP14 found 21 randomized controlled 
trials with a total of 30,850 participants. 
This systematic review showed evi-
dence that both exercise alone and in 
combination with education were ef-
fective in reducing LBP episodes (35% 
and 45% risk reductions, respectively) 
for up to one year. However, the trials 
included in the review had a number 
of methodological flaws. The trials 
were typically small and unregistered 
and did not attend to trial features, such 
as  concealed allocation, masking and 
intention-to-treat analysis (known to 
control against bias). Consequently, it is 
likely that these trials overestimated the 
prevention effects. Despite the favora-
ble results, these exercise programs are 
relatively costly and time consuming 
often requiring people to attend many 
sessions. For example, in the Soukup 
et al, randomized controlled trial partic-
ipants were required to attend 20 group 

sessions of exercise and education over 
a period of 13 weeks.15

Self-management programs aim to em-
power patients with skills that help 
them become more active and respon-
sible in the management of their con-
dition.16 Previous studies have demon-
strated that a self-management program 
has some beneficial effect on manage-
ment of a number of conditions, such as 
asthma, arthritis, diabetes, and chronic 
LBP.17,18 Thus, an effective self-manage-
ment intervention in which the patient/
participant is empowered with knowl-
edge and skills to prevent future epi-
sodes of LBP would be ideal, reducing 
the cost and time burden for partici-
pants, and increasing the likelihood of 
large- scale implementation.

The McKenzie method–based self- 
management approach has sever-
al potentially  important advantages 
over traditional group-based exercise 
 approaches in preventing recurrence 
of LBP. The  program involves very sim-
ple exercises that are quick to perform 
and can be done on a daily basis with-
out the need to attend regular exercise 
classes.  Exercises focus on balancing 
mechanical forces created by the pos-
tures or positions used by each individ-
ual throughout a typical day (ie, if a per-
son spends most of the time in either 
a flexed or extended spinal posture, 
exercises will be focused on the op-
posite direction). For most people this 
involves lumbar extension to counter-
act the large amount of flexion activity 
typical of most people’s lives either in 
sitting or performing manual tasks. Im-
portantly, the  McKenzie method-based 
self-management approach also pro-
vides simple strategies with the aim of 
allowing management of mild episodes 
without seeking care.

To our knowledge, there are no pub-
lished studies that have evaluated the 
effectiveness of McKenzie method–
based self-management approach in 
secondary prevention of a recurrence 
of LBP. A previous study by Larsen and 
colleagues19 investigated prone exten-
sion exercises for the “prevention” of 
LBP. The study recruited military con-
scripts and randomized them to ed-

ucation and passive prone extension 
exercises done daily or a group that 
received no intervention (control). Sig-
nificantly fewer people in the interven-
tion group than in the control group re-
ported back problems during the 1-year 
follow-up (33% and 51%, respectively). 
The main limitation of this study is that 
it recruited a heterogeneous population 
with and without current LBP, so assess-
ment of the effect of the intervention on 
prevention is difficult, as approximately 
25% of participants had pain at the start 
of the study. The study also had a fair-
ly high dropout rate (21%). We believe 
it is important to test if the promising 
findings can be generalized to a broad 
population sample who have recently 
recovered from an episode of LBP.

Therefore, the aim of our randomized 
controlled trial is to compare the 
 effectiveness of the McKenzie  method–
based self-management and educa-
tional  approach with that of a mini-
mal intervention control in preventing 
recurrence of LBP in people recently 
recovered from an episode of non-
specific LBP. We will also investigate 
whether the approach reduces the 
impact of back pain over 1 year, and 
establish the risk of adverse events 
during the follow-up period. A safe, 
low-cost, and effective intervention to 
prevent recurrences of LBP would be 
of enormous benefit to individuals and 
society.

Methods
Design Overview
The SAFE Trial is designed to be a 
pragmatic randomized controlled trial, 
where the outcome assessors and the 
statistician are masked. A total of 396 
participants who have recently recov-
ered from an episode of nonspecific 
LBP will be randomized to either the 
McKenzie method–based self-manage-
ment approach or a minimal interven-
tion group control. Participants will be 
followed-up from the day of randomi-
zation for a minimum of 12 months and 
up to 30 months, depending on when 
they enter the study. The primary out-
come is days from randomization to a 
self-reported recurrence of activity-lim-
iting LBP. The SAFE Trial design is illus-
trated in the Figure. The Pragmatic in 
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design, the SAFE  Trial aims to  determine 
the benefit of the  intervention in a re-
al-world clinical setting.20,21 There are 
limited inclusion and exclusion criteria, 
treatment is tailored to the individual, 
and outcomes are  directly relevant to 
participants.

Participant Eligibility and 
Recruitment
Eligibility. We will include 396 
participants who are at least 18 years 
old and who have recently recovered 
(within the last 6 months) from an 

episode of nonspecific LBP (with or 
without leg pain). Nonspecific LBP is 
defined as pain in the area between 
the 12th rib and buttock crease22 not 
attributed to a specific diagnosis, such 
as ankylosing spondylitis or vertebral 
fracture. Recovery is defined as having 
occurred after 7 consecutive days with 
pain no greater than 1 on a numeric 
pain rating scale (ratings  =  0–10). 
Participants will be excluded if 
they meet any of the following 
criteria: previous spinal surgery; co-
morbidity restricting or preventing 

safe participation in exercise (eg, 
traumatic brain injury, psychological 
illness); inadequate English usage 
to complete outcome measures; 
previous exposure to the McKenzie 
method–based self-management
approach as a method of preventing 
future LBP; or current pregnancy. 
Participants will be recruited from the 
community via advertisements (eg, 
public noticeboards, websites) and 
from primary care clinics (general 
practitioner, physical therapist, or 
chiropractor) in Sydney, Australia.

Screening for eligibility (n=?)

Inclusion Criteria
Recovered from a previous episode of nonspecific 
LBP within the last 6 mo

Episode of back pain is defined as pain intensity >2/10 
lasting at least 24 h 

Recovery is defined as ≥7 d with pain no greater than 
1 on a 0-10 numeric pain rating scale

Exclusion Criteria
Previous spinal surgery
Comorbidity preventing participation in an exercise 
program
Previously exposed to similar McKenzie prevention 
program 
Less than 18 years old
Currently pregnant

Informed consent obtained and 
baseline assessment collected 

Concealed random allocation 
(n=396)

Mckenzie method–based self-management group
(n=198)

Physical therapy sessions (2 x 30-45 min, approximately 
2 wk apart)

Minimal intervention group (control)
(n=198)

Advice session given via phone and booklet

Data collection
Monthly follow up (SMS/email) to assess if a 
recurrence has occurred

Outcome assessment at 3, 6, 9, and 12 mo for impact 
of back pain and process measures (masked
assessor) via phone call

Figure.
Design of SAFE Trial study. LBP = low back pain, SMS = Short Message Service.
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Recruitment procedure. The trial 
advertisements will direct members of 
the community interested in the study 
to contact the researchers. Also, patients 
being discharged from primary care 
clinics on recovery from an episode 
of nonspecific LBP will be informed 
about the study by their clinician. 
People interested in finding out more 
about the study can either contact the 
researchers directly (phone or email) or 
provide verbal consent for the clinician 
to forward their contact details to the 
researchers. The participant information 
and consent form will be posted or 
emailed to the participant. Potential 
participants referred to the study will 
be contacted by phone to explain 
the study in more detail and answer 
any questions they have. Potential 
participants who want to volunteer for 
the study will be screened to determine 
if they meet all study eligibility criteria.

Participants will be enrolled into the 
study over the phone without meet-
ing one of the researchers in person. 
Therefore, the consent will be a verbal 
consent. We will gain verbal consent 
over the phone through the following 
process. After answering any questions 
the participant has about the study, the 
researcher will read the following state-
ment: “By completing this questionnaire, 
you are indicating that you have read 
and understood the information in the 
participant information and consent 
form provided to you and any questions 
you have asked have been answered to 
your satisfaction. You agree to partici-
pate in this research, knowing that you 
can withdraw from further participation 
in the research at any time without con-
sequence.”

Baseline Assessment
After fulfilling the eligibility criteria, 
agreeing to participate, and providing 
verbal consent, participants will under-
go a standardized baseline assessment 
over the phone. This will take approxi-
mately 10 to 15 minutes and will  collect 
data on demographics, history of LBP 
and prognostic factors for recurrence. 
All baseline data will be entered  directly 
onto a hard copy of the baseline assess-
ment questionnaire and then entered 
into the electronic database at the first 
available opportunity.

Randomization
Immediately after completing the 
baseline assessment, participants will 
be randomly allocated into either the 
 McKenzie method–based self-manage-
ment approach group or minimal inter-
vention (control) group. The researcher 
will open the next consecutively num-
bered, sealed, opaque randomization 
envelope to ensure concealed  allocation. 
A randomization schedule—incorporat-
ing randomly permuted block sizes of 
4, 6, and 8—will be generated prior to 
the commencement of the trial by an 
independent investigator not involved 
in participant recruitment, treatment, or 
follow-up, using a computer program. 
Randomization will be stratified by his-
tory of more than 2 previous episodes of 
LBP (dichotomised as “yes” or “no”) as 
our previous research showed that this 
is the only known consistent predictor 
of recurrence.13 Study participants will 
be considered enrolled into the study 
when the allocation envelope is opened 
and the participant is assigned to either 
the McKenzie method–based self-man-
agement approach or the minimal inter-
vention group. They will receive a study 
enrollment number and this will be doc-
umented in the participant’s clinical trial 
record and on all study documents.

Masking. Due to the nature of the trial, 
complete masking will not be possible. 
In an effort to mask the participants as 
much as possible to the trial research 
question, they will be told that the study 
is comparing 2 methods for preventing 
future recurrence of back pain, one 
delivered face-to-face and the other 
delivered over the phone. Also, it will 
not be possible to mask the treatment 
providers to group allocation. The 
statistician and the outcome assessors 
will be masked to group allocation.

Study Interventions
Minimal intervention group 
(control). Participants allocated to the 
minimal intervention (control) group 
will receive simple advice that is widely 
available about how to prevent back 
pain. This will be delivered over the 
phone by a physical therapist. The key 
points in this advice will be maintenance 
of regular exercise and education about 
lifting and handling objects safely, 

taking approximately 10 to 15 minutes. 
Participants in this group will be posted 
a copy of the “Managing Back Pain – 
Get Back on Track” booklet,23 which 
was developed by Bupa Australia Pty 
Ltd (private health insurance company). 
This booklet includes general advice 
about back pain prevention and self-
management. The company has given 
consent for the booklet to be used in 
this project. Participants will have the 
opportunity to contact the physical 
therapist who delivered the intervention 
on one further occasion, approximately 
2 to 4 weeks after being randomized, by 
email or phone, if they require further 
clarification.

McKenzie method–based self-manage-
ment approach group. Participants 
allocated to the McKenzie method–
based self-management approach group  
will attend two 30- to 45-minute 
individual sessions with a trained 
physical therapist. These sessions 
will be approximately 2 weeks apart. 
In the first session, study physical 
therapists will assess participants 
using the McKenzie Institute Lumbar 
Spine Assessment Form.24 The history 
will focus on developing a clear 
understanding of the previous episodes 
including causal or aggravating 
factors, and the daily mechanical and 
postural stresses for each individual. 
The physical examination will assess 
habitual postures and their relationship 
to symptoms, spinal movement loss, 
and any effect of repeated spinal 
movements on symptoms and mobility. 
This assessment will help the therapists 
to gather information that will guide 
prescription of an appropriate home 
prevention exercise program for each 
particular participant’s circumstances. 
The participant will be provided with 
and educated about an individualized 
simple specific exercise program 
focusing on movements that balance/
counteract the postures or positions 
habitually adopted throughout the 
day and on improving any existing 
movement loss. Because the intervention 
is individualized for each participant, 
the exercises to be completed at home 
will vary in frequency and duration, 
based on the judgment of the assessing 
physical therapist. Typically exercises 
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will be performed multiple times per 
day and be of short duration.

At the follow-up session, the physical 
therapists will perform a reassessment 
and obtain feedback from participants 
on how the program is going and any 
barriers to adhering to the program. 
Depending on this reassessment the 
physical therapist will then modify or 
progress the home exercise prevention 
program as needed. The therapist will 
emphasize the importance of continu-
ing these exercises indefinitely as a 
prevention strategy for back pain re-
currence. For most people the exercise 
program will involve lumbar extension 
to counteract the large amount of flex-
ion activity typical of most people’s 
lives (either sitting or performing man-
ual tasks).

Follow-up
Participants will be followed up 
monthly by email or text message 
from the day of randomization into 
the study for at least 12 months and 
up to 30 months, depending on when 
they enter the study. To make maxi-
mum use of all available data, the 
usual practice in studies using sur-
vival analysis is to follow people un-
til the study concludes. Because peo-
ple enter the study at different dates, 
some participants will be followed for 
only 12 months and some will be fol-
lowed for as long as 30 months. Par-
ticipants will be asked whether they 
have had a recurrence of LBP of in-
tensity greater than 2 on a numeric 
pain scale (ratings  =  0–10) and last-
ing at least 24 hours within the past 
4 weeks or since the last contact from 
the research team. If participants re-
ply “yes” to this email or text message, 
a study researcher will contact them 
via phone call for further information 
about this recurrence. Participants 
who have not replied to the first text 
message or email within 2 days will be 
sent a second text message or email. 
Participants not responding to these 
2 messages will be then contacted by 
phone. In addition to the recurrence 
data, outcome data will be collected at 
3, 6, 9, and 12 months from random-
ization into the study by a phone call 
at these time points. Follow-ups will 

be conducted by a researcher masked 
to group allocation.

Outcome Measures
Primary outcome. The primary 
outcome will be the number of days 
from randomization to first self-
reported recurrence of an episode of 
activity-limiting LBP (somewhat or 
greater activity limitation measured 
using an adaptation of item PI9 of 
the PROMIS item bank to measure 
pain interference).25 Participants will 
be followed up for this outcome for 
between 12 and 30  months post-
randomization, depending on when 
they are randomized into the study.

Secondary outcomes. One secondary 
outcome will be the number of days 
from randomization to first self-
reported recurrence of an episode 
of nonspecific LBP (intensity > 2/10 
on the numeric pain rating scale and 
lasting at least 24 hours).26 Participants 
will be followed up for this outcome 
for between 12 and 30  months after 
randomization, depending on when 
they are randomized into the study.

Days from randomization to first self-re-
ported recurrence of an episode of LBP 
leading to care seeking (with consulta-
tion to a health care provider) will be an-
other secondary outcome. Participants 
will be followed up for this  outcome for 
 between 12 and 30 months after rand-
omization, depending on when they are 
randomized into the study.

The personal impact of LBP over the 
first 12 months after randomization 
will be determined for all participants 
in the study. The impact of back pain 
will be measured with the Impact of 
Back Pain Questionnaire using 9 items 
of the  29-item PROMIS short form.27 
This measure was recommended in 
the  recent NIH Task Force report on 
research standards for LBP.27 These 
9  items cover the domains of pain in-
tensity, pain interference with normal 
activities, and functional status. The 
total score on the Impact of Back Pain 
Questionnaire ranges from 8 (least 
 impact) to 50 (great impact). This out-
come will be collected at the 3-, 6-, 9-, 
and 12-month follow-ups by asking 

about the impact of back pain over the 
past 3 months.

Process Measures
Additional process measures will also 
be collected. These measures will help 
better understand the study results and 
include:

Physical activity levels will be meas-
ured by the International Physical 
Activity Questionnaire (IPAQ).28 This 
questionnaire estimates a participant’s 
physical activity level over the past 
week.  Physical activity measures will be 
 collected at baseline and at the 3- and 
12-month follow-up assessments.

Study program compliance will be 
monitored by recording attendance 
at the two physical therapist visits, 
 asking physical therapists to rate their 
 perception of participant compliance 
to the home exercise program between 
the participants initial and second visit 
(2-week period), and asking participants 
to rate compliance with home program 
using the Brief Adherence Rating Scale 
at 3-, 6-, 9-, and 12-month follow-ups.

Credibility/expectancy regarding treat-
ment will be measured with a  credibility/
expectancy questionnaire modified from 
Devilly and Brokovec.29 This question-
naire will provide information on the 
participant’s beliefs about the interven-
tion received. The credibility/expectancy 
scores will be collected at the 3-month 
follow-up assessment.

Adverse Events and Use of    
Co-interventions
Adverse events will be considered to 
be any health problems or complaint 
reported by the participants during the 
study. Adverse events will be collect-
ed by self-report at the 3-month and 
12-month follow-up assessments af-
ter randomization. Data on use of any
 intervention for treatment or prevention
of LBP, apart from the study program,
will be collected at all follow-up assess-
ments (3, 6, 9, and 12 months).

Physical Therapist Training and 
Treatment Fidelity
We will work with a small number of 
physical therapist clinicians (eg, 8-10), 
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who have undertaken, at least, training 
in the McKenzie Method of  Mechanical 
Diagnosis and Therapy, Parts A and 
B, or are fully credentialed in the Mc-
Kenzie method, around metropolitan 
 Sydney. All study physical therapists 
will be trained in the study intervention 
procedures in a single session lasting 
approximately 1 hour. H.A.C. will be 
responsible for ensuring that clinicians 
are adequately trained to deliver the in-
tervention and for assessing compliance 
with the study procedures. She will be 
in regular contact with the participat-
ing clinicians, to discuss any issues in 
delivering the intervention and provide 
reminders of the study procedures. She 
will attend some sessions to directly 
observe the fidelity of the intervention 
being delivered. Physical therapists will 
complete standardized assessment and 
prevention strategy notes for each ses-
sion that will be collected by research-
ers after the participants’ final sessions.

Data Analysis, Monitoring, and 
Auditing
Sample size calculation. The sample  
size was calculated for the primary 
outcome using PASS statistical 
software (NCSS Statistical Software, 
Kaysville, Utah), as described by 
Lakatos.30 For a 2-sided log rank 
test with an alpha value of 0.05 we 
calculated that a sample size of 198 
participants per group will provide 
80% power to detect a 40% relative 
reduction in recurrence rates between 
the treatment group and the control 
group. These calculations are based 
upon 30% recurrence in 1 year in 
the control group. Higher rates of 
recurrence typically reported in the 
literature would increase power. Our 
sample size calculations are based 
on an 18-month accrual period and 
12-month follow-up period. We have
conservatively allowed for 1% loss
to follow-up, and 1% treatment non-
adherence per month in both groups.

Data integrity and analysis. All 
study data will be entered into an 
electronic database as soon as possible 
after being collected. Access to the 
data obtained in this research will be 
restricted to the researchers involved 
in the collection and analysis of the 

data. Participant confidentiality will 
be maintained through secure data 
storage, during and after the study. 
Data will be carefully monitored for 
any errors. We will use descriptive 
analyses to identify outliers and 
potential errors. All data being entered 
manually will be double entered by a 
second researcher and checked for any 
data discrepancy.

Data will be analyzed by a statisti-
cian who is masked to group status. 
The primary analyses comparing the 
groups will follow the intention-to-treat 
 principle.31 For the primary outcome, 
a P value of <.05 will be considered 
 statistically significant. For the second-
ary outcomes, a P value of <.01 will be 
considered significant.

For the primary outcome analysis, 
we will assess difference in survival 
curves (days from randomization to 
first self-reported recurrence of activ-
ity-limiting LBP) using the log-rank 
statistic. Cox-regression will be used 
to assess the effect of treatment group 
on hazard ratios. We have stratified 
for the only known predictor of recur-
rence (previous recurrence).13 We will 
treat prognostic  factors for LBP32,33 as 
potential confounders and, if these 
are unbalanced despite randomiza-
tion, we will include them as covar-
iates in the analysis. The proportion-
al hazards  assumption will be tested 
using the time- dependent  covariate 
method.

For the secondary outcomes of days 
from randomization to first self- 
reported recurrence of either an 
 episode of  nonspecific LBP or an 
 episode of LBP leading to care seeking, 
a survival  analysis analogous to that of 
the primary outcome will be conduct-
ed. To investigate whether the inter-
vention will have an influence on the 
impact of back pain over a 1-year peri-
od, we intend to use repeated-measures 
linear models; however, given that this 
is a new  measure, we will explore the 
data distribution before making a final 
decision.

A secondary analysis will assess 
the presence of a limited number 

of  baseline variables as modifiers 
of treatment effects. Variables to be 
 investigated include age, body mass 
index, number of previous episodes, 
sitting time, perceived risk of recur-
rence, and frequency of exposure to 
heavy loads and awkward positions.

Ethics Approval
Ethical approval was obtained from 
Macquarie University Human Re-
search Ethics Committee in April 
2016 (ref. no. 5201600187). The study 
will be conducted in accordance with 
the National Statement on Ethical 
Conduct in Human Research 2007.34 
Compliance with these standards pro-
vides assurance that the rights, safety 
and well-being of trial participants 
are respected. The study protocol 
will be implemented and reported 
in line with the SPIRIT statement.35 
Also, the completed clinical trial and 
its results will be reported  according 
to CONSORT36,37 and  TIDieR38 guide-
lines. Study  results will be dissemi-
nated at research  conferences and as 
published articles in peer-reviewed 
journals. 

Role of the Funding Source
This trial is funded by the International 
Mechanical Diagnosis and Therapy Re-
search Foundation – USA. The funders 
will have no role in this study other 
than to provide  funding.

Discussion
Potential Impact and 
Significance of the Study
Back pain places an enormous burden 
on individuals and society as demon-
strated by the recent Global Burden 
of Disease Study reports.2,3 Much of 
this burden is due to the recurrent 
nature of LBP. The great majority of 
trials in the back pain field evaluate 
treatment rather than prevention. A 
recent  systematic review investigating 
all interventions for prevention of LBP 
found low- quality evidence supporting 
exercise as a strategy for preventing 
future back pain episodes. The lack 
of high-quality back pain prevention 
research limits the ability to provide 
clinicians and patients with strong 
 recommendations about effective 
 prevention approaches.
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To our knowledge, this study will be 
one of only a few high–quality, large 
trials evaluating secondary prevention 
of recurrent LBP and the first evaluat-
ing the McKenzie method-based self- 
management approach, which aims 
to teach participants simple exercise 
 focused on balancing mechanical forces 
or positions used during typical daily 
activities and improving mobility. The 
identification of a cost-effective method 
to prevent recurrences of LBP would be 
a major breakthrough and could make 
an enormous contribution to global 
health. If this self- management ap-
proach is found to be  effective against 
recurrence of LBP, our research will 
have the potential to help prevent pain 
and disability for millions of people 
worldwide.

Strengths and Weaknesses of the 
Study
This trial was prospectively registered 
with the Australian and New Zealand 
Clinical Trial Registry, and the sample 
size was preplanned to provide ro-
bust evidence. We will use a stratified, 
blocked randomization process, con-
cealed allocation, masked assessments, 
and an intention-to-treat analysis. 
 Experienced physical therapists trained 
by the research team in the study pro-
cess will be conducting the McKenzie 
method–based intervention, and the 
quality of the intervention will be mon-
itored. Due to the nature of the inter-
ventions, it is not possible to mask the 
therapists and participants to the treat-
ment allocation, but outcome assessors 
and statisticians will be masked.

Recruitment for clinical studies is 
 typically difficult, but, we have designed 
the study to make this process as easy 
as possible. We will be recruiting partic-
ipants for this study primarily through 
community advertisements, and also 
through primary care clinicians as need-
ed. The role for the recruiting clinicians 
will be simply, as they need only pass on 
the study information to appropriate pa-
tients. The time commitment for patients 
will be relatively small, and all follow-up 
assessments will be done remotely. 
However, if we do struggle with these 2 
recruitment strategies, we will increase 
the number of recruiting  clinicians and 

investigate barriers to  recruitment from 
all perspectives.

Contribution to the Physical 
Therapy Profession
High-quality evidence about prevention 
of LBP is very important for physical 
therapy, given that LBP and the associ-
ated recurrences are the most  common 
condition presenting to musculoskeletal 
physical therapists. If we find  evidence 
for the effectiveness of the McKenzie 
method–based self-management pro-
gram, then this has the potential to 
 influence the physical therapist man-
agement of many patients who could 
be provided with this program when 
they recover from an episode of LBP. 
Physical therapists could offer this pro-
gram to people in the community who 
are not currently seeking care but who 
have recurrent episodes of LBP. The 
skills and training of physical therapists 
make them the ideal professionals to 
deliver evidence-based interventions 
for prevention of LBP.
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CHAPTER THREE

An individualised self-management exercise and education

program did not prevent recurrence of low back pain, but may

reduce care seeking: a randomised, controlled trial
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3.1 Preface

Chapter Two presented the methods and rationale for a randomised controlled trial aiming to 

investigate if a low-cost exercise and education approach based on the McKenzie method 

reduced the risk of a recurrence of low back pain in people recently recovered from a low back 

pain episode. Chapter Three presents the results for the randomised controlled trial 

investigating the McKenzie method-based self-management approach for the secondary 

prevention of a recurrence of low back pain. The trial enrolled 262 participants who had 

recovered from an episode of low back pain within the last six months and followed them for a 

minimum of 12 months and up to 30 months.

The study presented in Chapter Three has been submitted to the Journal of Physiotherapy and 

has recently been accepted for publication. The manuscript is presented in the format of the 

accepted manuscript before edits.

The ethics approval for this trial is presented in Thesis Appendix 3, and the trial registration 

with the Australian New Zealand Clinical Trials Registry (ANZCTR) is presented in Thesis 

Appendix 4. The participant information and consent form are presented in Thesis Appendix 5.
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Abstract 

Questions: What is the effect of a McKenzie-based self-management exercise and education 

program on the risk of recurrence of low back pain (LBP), and on the impact of LBP?

Design: Randomised, controlled trial

Participants: 262 adults recently recovered from an episode of LBP.

Intervention: The group receiving McKenzie-based self-management exercise and education 

program received 2 x 30-45 minutes individual sessions with a physiotherapist, delivered 

approximately 2 weeks apart. The minimal intervention group received a single over the phone 

advice session.

Outcome measures: The primary outcome was number of days to first recurrence of an 

episode of activity-limiting LBP. Secondary outcomes included days to any recurrence of LBP, 

days to a recurrence causing care-seeking and a composite measure of pain and function

(‘impact of LBP’). All participants were followed-up monthly for a minimum of 12 months. 

Results: The estimate of the experimental intervention’s effect on the risk of recurrence of an 

episode of activity-limiting LBP was HR 1.11 (95% CI, 0.80 to 1.54), on any recurrence of LBP 

episode was HR 0.95 (95% CI, 0.72 to 1.26), and on LBP episodes for which care was sought was 

HR 0.69 (95% CI, 0.46 to 1.04). The quarterly estimates of the experimental intervention's effect 

on impact of LBP and their 95% CIs were all within 4 points above or below zero (no effect) on 

this scale from 8 to 50.

Conclusion: Our best estimate is that a McKenzie-based self-management exercise and 

education program does not produce a substantial reduction on the risk of an activity-limiting 

episode of LBP. It may reduce the risk of care-seeking for a recurrence of LBP, but does not have 

any substantial effect on the impact of LBP over 12 months.

Trial registration: Australian and New Zealand Clinical Trial Registry (ANZCTR), 

ACTRN12616000926437.



Introduction 

Low back pain (LBP) is a common condition and the leading cause of global disability according 

to the Global Burden of Disease studies.1,2 Most people with an episode of LBP improve 

quickly;3,4 however, recurrences within a year are common (40% to 69% depending on the 

definition used).5,6 The recurrent nature of LBP is one of the major reasons why the condition 

carries such a large social and economic burden. 

Despite the recurrent nature of LBP, few previous trials have investigated prevention strategies. 

Present evidence on prevention of LBP7 shows that exercise alone, and in combination with 

education, is effective in reducing risk of LBP episodes (35% and 45% risk reduction respectively 

for up to one year); however, the majority of the exercise programs in these trials are relatively 

costly, inflexible and time-consuming (e.g. 20 sessions over 13 weeks),8 potentially making 

uptake of such programs difficult.9 

To overcome these barriers, we developed a low-cost and flexible exercise and education 

program, based on McKenzie method and emphasising self-management. The program involves 

simple, and individualised exercises that require minimal time, and can be done independently 

on a daily basis. Importantly, this program also provides strategies and education for self-

management of mild episodes without seeking care. 

Therefore, we aimed to investigate the estimated effect of a McKenzie-based self-management 

exercise and educational approach compared to a minimal intervention control group, in 

preventing recurrences of LBP and future care seeking in people recently recovered from an 

episode of non-specific LBP. We also aimed to investigate if the approach reduces the impact of 

LBP over 1-year. 

The research question for this randomised, controlled trial was: 

1. What is the effect of a McKenzie-based self-management exercise and education

program on the risk of recurrence of LBP, and on the impact of LBP?

Methods 

Design 

The SAFE trial is a two group randomised, controlled trial, where the outcome assessors and 

37



the statistician were blinded. This trial was prospectively registered with the Australian and 

New Zealand Clinical Trial Registry (ANZCTR), number ACTRN12616000926437. The study 

protocol has been previously published.10 

In brief, 262 eligible participants, were randomised to either a McKenzie-based self-

management exercise and education program, or a minimal intervention control group. 

Participants were followed for a minimum of 12 months and up to 30 months for the primary 

outcome of days to first self-reported recurrence of an activity-limiting episode of LBP. The 

design of the SAFE trial is illustrated in Figure 1. The study is pragmatic in design, investigating 

the effectiveness of the intervention in a real-world setting.11,12 

Participants and therapists 

Inclusion criteria were adults aged >18, recently recovered (within the last 6 months) from an 

episode of non-specific LBP (with or without leg pain). An episode of non-specific LBP was 

defined as pain lasting over 24 hours in the area between the 12th rib and buttock crease13 not 

attributed to a specific diagnosis (e.g. vertebral fracture or cancer). Recovery was defined as 

occurring after 7 consecutive days with pain no greater than 1 on a 0-10 numeric pain scale. 

Exclusion criteria were previous spinal surgery, co-morbidity restricting safe participation in 

exercise, inadequate English, previously exposed to a McKenzie-based approach as a method of 

preventing future LBP, and currently pregnant.  

Participants were recruited through community advertising (e.g. public noticeboards and social 

media websites) in Sydney, Australia. All potential participants were screened for eligibility. 

Eligible participants provided verbal consent and underwent a standardised baseline 

assessment over the phone. 

All study physiotherapists were trained together in the study procedures in a single session. 

This session was lead by an experienced McKenzie therapist instructor and the senior author 

who has over 20 years of experience using the Mckenzie approach. The session involved an 

explanation of the study design and purpose, followed by the step-by-step process of 

evaluating participants and  delivering the intervention. This session lasted approximately 2 

hours and included opportunity for clarification of any remaining questions. After this session 

all therapists were visited on one more occasion by the lead author to ensure they were ready 

to deliver the intervention as per protocol. During the study regular contact was made with 
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therapists via study newletters (approximately 3 per year) and one on one meetings, to discuss 

any issues in delivering the intervention and to provide reminders of the study procedures. 

Randomisation 

A researcher, not involved in the study, developed a randomisation schedule and produced 

consecutively numbered sealed opaque envelopes containing the allocation schedule. The 

randomisation schedule used randomly permuted block sizes of 4, 6 and 8. Randomisation was 

stratified by history of previous episodes (1 or 2, and over 2),14 with balanced randomisation 

(1:1). To ensure allocation was concealed, after collecting baseline data, the blinded researcher 

opened the next envelope, containing the allocation number. Treatment providers and 

participants were not blind to group allocation. 

Interventions 

McKenzie-based self-management approach  

Participants allocated to the experimental intervention group attended 2 x 30-45minutes 

individual sessions, delivered approximately 2 weeks apart, with a physiotherapist trained at 

least to level A and B of the McKenzie method.  

In the first session, participants were assessed using a modification of the McKenzie Lumbar 

Spine Assessment Form.15 The history focused on developing a clear understanding of factors 

associated with previous episodes, and the individual’s daily mechanical/postural stresses. The 

physical examination aimed to assess habitual postures and their relationship to symptoms, 

spinal movement loss and any effect of repeated spinal movements on symptoms and mobility. 

This assessment helped the therapists to gather information that guided prescription of an 

individualised home prevention exercise program. All participants were provided with 

education and an individualised exercise program focusing on those movements that 

balance/counteract the daily postures or positions habitually adopted and on improving any 

existing lumbar spine movement loss. For instance, for some participants the exercise program 

involved lumbar extension to counterbalance the large amount of flexion activity/posture 

typical of most people’s lives either in performing manual tasks or sitting. Each participant’s 

exercise program varied in frequency and duration based on the therapist’s assessment. 

Typically, exercises were performed multiple times per day and were of short duration. 
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At the follow-up session, the physiotherapists discussed with participants any barriers to 

participation in the program. Depending on this re-assessment the physiotherapist modified or 

progressed the home exercise program as needed. Therapists emphasised the importance of 

continuing these exercises as a prevention strategy for LBP recurrence.  

Minimal intervention 

The control group received simple advice on prevention of LBP, delivered over the phone by a 

single physiotherapist. The key points were to maintain regular exercise, and education about 

lifting and handling objects safely, taking approximately 10-15 minutes. A copy of the 

“Managing Back Pain – Get Back on Track” booklet,16 developed by BUPA Australia Pty Ltd, was 

posted to participants in this group. This booklet includes general advice about back pain 

prevention and self-management. Participants in the control group had the opportunity to 

contact the physiotherapist on one further occasion, approximately 2-4 weeks after being 

randomised, by email or phone, if they required further clarification. 

Follow-up 

Participants were followed-up monthly, by a blinded researcher, for at least 12 months, or until 

the study concluded. Participants received a monthly email or text message asking if they had 

experienced a recurrence of LBP of intensity greater than 2 on a 0-10 pain rating scale lasting at 

least 24 hours within the past 4 weeks or since the last contact from the research team. 

Participants who replied “yes” were phoned by a researcher who collected further information 

about this recurrence, including whether it met the criteria for primary outcome of activity-

limitation due to LBP. In addition to the recurrence data, other data were collected on the 

impact of LBP17,18 at the 3-, 6-, 9- and 12-month follow-ups by phone or online survey 

(QualtricsÒ). 

Outcome measures 

Primary outcome 

The primary outcome was recurrence of an episode of activity-limiting LBP, defined as the 

number of days from randomisation to first self-reported recurrence of an episode of activity-

limiting LBP (intensity > 2 on 0-10 the numeric pain rating scale, lasting at least 24 hours, and 

responding that pain interfered with day-to-day activities ’somewhat’, ‘quite a bit’ or ‘very 
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much’ using an adaptation of item PI9 of the PROMIS item bank to measure pain 

interference).19  

Secondary outcomes 

The secondary outcomes were: (i) recurrence of an episode of non-specific LBP defined as the 

number of days from randomisation to first reported recurrence of an episode of non-specific 

LBP (intensity > 2/10 on the numeric pain rating scale, lasting at least 24 hours);20 (ii) 

recurrence of an episode of care seeking LBP defined as the number of days from 

randomisation to first reported recurrence of an episode of care seeking (consultation to a 

healthcare provider) LBP; (iii) the personal impact of LBP. Personal impact was measured using 

the impact score as recommended by the NIH Task Force, which incorporates 9 items of the 29-

item PROMIS short form.17,18 These items cover the domains of pain intensity, pain interference 

with normal activities and functional status. The total score ranges from 8 (least impact) to 50 

(great impact). This measure was collected at the 3-, 6-, 9- and 12-month follow-ups asking 

participants about the impact of LBP over the previous 3 months.  

Process measures  

We collected some additional process measure to help interpret trial results. These process 

measures included measures of physical activity, treatment compliance and treatment 

credibility. Physical activity was measured using a modified version of the International Physical 

Activity Questionnaire (IPAQ) at baseline, 3- and 12-month follow-ups.21 Treatment compliance 

was monitored by: a) recording attendance at the two physiotherapy visits, and b) asking 

participants to rate compliance with home program using the Brief Adherence Rating Scale 

(BARS) ranging from 0 (not compliant at all) to 10 (very compliant), at the 3-, 6-, 9- and 12-

month follow-ups. Treatment credibility was measured by the Credibility Expectancy 

Questionnaire (CEQ)22 at the 3-month follow-up assessment. 

Adverse Events (AEs) and Co-interventions Utilisation  

We monitored AEs and the use of any co-intervention during the study period. We defined AEs 

as any new medical condition or exacerbation of an existing condition as reported by the 

participants during the study. Serious adverse events (SAEs) were defined as any event resulting 

in death or hospital admission. AEs and SAEs were assessed by direct questioning participants 

at the 3- and 12-month follow-ups (“Have you had a new medical condition or an exacerbation 
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of an existing condition since the beginning of the study?”). We also collected data, using free-

text, on any intervention for treatment or prevention of LBP, apart from the study program, at 

the 3-, 6-, 9-, and 12-month follow-ups. 

Data analysis 

Study sample size was calculated using PASS statistical software (NCSS – USA), based upon the 

method of Lakatos.23 At the beginning of the study, we estimated a 30% recurrence rate in the 

control group at 1-year and initially calculated that a sample size of 198 participants per group 

would give 80% power to detect a 40% relative reduction in recurrence rates between the 

treatment group and the control group. The sample size calculations were based on a 24-month 

accrual period and 12-month follow-up period. The study conservatively allowed for 1% loss to 

follow-up, and 1% treatment non-compliance per month in both groups. However, 20 months 

after recruitment began (sample size 231), the sample size was re-assessed as, based on a 

cohort study of a similar population,5 we suspected the control group recurrence rate was 

greater than the 30% used in the original calulcations. Using a 40% recurrence rate at 1-year for 

the study control group (observed rate was 44% at 1-year in control group at this time) the 

updated calculation indicated a sample size of 131 participants per group would provide 80% 

power to detect a 40% relative reduction in recurrence rates with a two-sided alpha level of 

0.05. This change to the study protocol was updated on the clinical trial registry. 

All data were double-entered and analysed using the intention-to-treat principle.24 For the 

primary and secondary outcomes, we estimated mean effects with 95% confidence intervals 

(CIs). We analysed baseline comparability between groups using key prognostic variables to 

assess for any chance imbalance that may have occurred and added as a confounder variable in 

the model if needed. We visually inspected the survival curves and used the time-dependent 

covariate method to check if the proportional hazards assumption was violated.   

Cox-regression was used to estimate the effects with 95% CI of experimental intervention 

group on hazard ratios.14 For each group, the 25th percentile days to recurrence of activity-

limiting LBP (number of days when 25% of participants had experienced a recurrence) was 

calculated. For the secondary outcomes of first self-reported recurrence of (i) an episode of 

non-specific LBP and (ii) an episode of care seeking LBP, an analogous survival analysis was 

conducted to that of the primary outcome. For secondary outcome of the impact of LBP we 
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estimated effects with 95% CI of the experimental intervention at the 3-, 6-, 9-, and 12-month 

using repeated measures linear models to estimate the overall effect of the experimental 

intervention on the impact of LBP over a 1-year period. 

We calculated completeness of follow-up using the completeness index.25 The index quantifies 

the total observed person-time of follow-up as a percentage of the potential time of follow-up 

in the study. All analyses and interpretation of the results were done by a blinded researcher. 

Analyses were performed using the IBMÒ SPSSÒ Statistics version 25. 

Results 

Flow of participants through the study 

Recruitment occurred from July 2016 to June 2018 with follow-up ending on the 30th of June, 

2019. A total of 670 potential participants were screened for eligibility and 262 entered the 

study (figure 1). One participant, randomized to the experimental intervention group, was 

excluded after randomization as the treating physiotherapist identified that the participant had 

ongoing chronic LBP and should not have been included. Two blinded researchers reviewed the 

case and recommended the participant be excluded from the analyses. Of the 261 participants, 

132 were assigned to the experimental intervention group, and 129 to the control group. 127 

participants in the experimental intervention group received the allocated intervention, while 6 

participants did not receive allocated intervention (1 post-randomisation exclusion, and 5 could 

not attend the sessions). 128 participants in the control group received the advice about 

prevention strategies, while 1 participant could not be contacted to receive the minimal 

intervention. 246 participants (94%) either reached study primary outcome or were censored at 

the end of study follow-up period. The remaining 15 participants (5 in the experimental 

intervention group and 10 in the control group) either were lost to follow-up or withdrew and 

were censored early. The completeness index was 94% for the study primary outcome. 

Characteristics of study participants and therapists 

Baseline characteristics of participants included in this trial are presented in Table 1. The mean 

age was 42 years (SD 13), and approximately half (49%) were female. The median number of 

previous episodes across both groups was 6 (IQR 3 to 15). Participants in both groups were 

similar for baseline measures. Nine physiotherapists credentialled in the McKenzie method, 

delivered the McKenzie-based intervention. 
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Process measure outcomes 

Self-reported intervention compliance was similar across both groups over the 1-year follow-up 

period (Table 2). Attendance at the two physiotherapy sessions in the intervention group were: 

117 (89%) attended 2 sessions, 10 (7%) attended the initial session only, and 5 (4%) did not 

attend any sessions. Further details of study process measures are presented in Table 2. 

Effects of the intervention 

Primary outcome 

For the primary outcome of number of days from randomisation to first reported recurrence of 

activity-limiting LBP, the preventive effect of the experimental intervention was estimated as 

HR 1.11 (95% CI, 0.80 to 1.54). The 25th percentile days from randomisation to activity-limiting 

recurrence of LBP were 101 (95% CI, 74 to 127) in the experimental intervention group, and 127 

(95% CI, 44 to 210) in the control group. Figure 2 presents the Kaplan-Meier survival curves for 

days to first recurrence of an episode of activity-limiting LBP. 

Secondary outcomes 

The preventive effect of the experimental intervention on the secondary outcome of any 

recurrence of LBP was estimated as HR 0.95 (95% CI, 0.72 to 1.26). The 25th percentile days to a 

recurrence of any episode of LBP were 58 (95% CI, 41 to 75) in the experimental intervention 

group, and 59 (95% CI, 33 to 85) in the control group. Figure 3 presents the Kaplan-Meier 

survival curves for days to first recurrence of any episode of LBP.  

The preventive effect of the experimental intervention on the secondary outcome of a 

recurrence of an episode of LBP leading to care-seeking was estimated as HR 0.69 (95% CI, 0.46 

to 1.04), indicating a point estimate of 31% reduction in care-seeking in the experimental 

intervention group compared to control group. The 25th percentile days to a recurrence of LBP 

leading to care-seeking were 344 (95% CI, 197 to 491) in the experimental intervention group, 

and 238 (95% CI, 134 to 342) in the control group. Figure 4 presents the Kaplan-Meier survival 

curves for days to first recurrence of LBP leading to care-seeking. 

The experimental intervention did not have a substantial effect on the secondary outcome of 

impact of LBP over 12-months period. The mean effect sizes and their confidence intervals at 3-
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, 6-, 9- and 12-months were all within 4 points above or below zero (no effect) on the scale 

from 8 to 50 (Table 3). 

Discussion 

The purpose of this study was to estimate the effect of two sessions of the McKenzie-based 

self-management exercise and education program in people who have recently recovered from 

an episode of LBP.  

The primary outcome of this study was the risk of recurrence of activity-limiting LBP. The 

estimate of the effect on this outcome was HR 1.11 (95% CI, 0.80 to 1.54). Our best estimate is 

that a McKenzie-based self-management exercise and education program does not produce 

substantial reductions in the risk of an activity-limiting episode of LBP; however, we cannot rule 

out modestly reduced or moderately increased risk based on the confidence interval. This 

confidence interval indicates that the true effect of the experimental intervention on this 

outcome in the general population might be anywhere between increasing the hazard ratio by 

54% or decreasing it by 20%. Further research could be undertaken to try to decrease this 

uncertainty about the effect on activity-limiting LBP.  

Similarly, the best estimate suggests that the experimental intervention does not produce 

substantial reductions in risk for the secondary outcome of any LBP recurrence (HR, 0.95; 95% 

CI, 0.72 to 1.26). The confidence interval for the secondary outcome of recurrence of any LBP, 

extended from 0.72 to 1.26, indicating that the experimental intervention might increase the 

hazard ratio by 26% or decrease it by 28%.  

For the secondary outcome of recurrence of LBP causing care-seeking the best estimate is that 

the experimental intervention may produce substantial reductions in risk for this outcome (HR, 

0.69; 95% CI, 0.46 to 1.04). The CI excludes the possibility that the experimental intervention 

increases the hazard ratio to any important extent (ie, 4% or less) and includes the possibility 

that the effect is very worthwhile (decrease the HR by 54%).  

The experimental intervention had a negligible effect on secondary outcome of the impact of 

LBP, with effect sizes and their confidence intervals all lying within 4 points above or below zero 

(no effect) on the scale from 8 to 50. 
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Current evidence from a systematic review of RCTs on prevention of LBP suggests that exercise 

in combination with education has a protective effect for up to one year (RR, 0.55; 95% CI, 0.41 

to 0.74).7 Most trials in this review included group-based strength and aerobic exercises that 

were quite different from our experimental intervention, that primarily included passive range 

of motion exercises. However, one of the included trials by Larsen et al.26 investigated the 

effect of passive prone back extensions performed twice daily, and McKenzie method based 

education, in male military conscripts. This study reported relative risk reduction of a new LBP 

episode of around 60% (RR, 0.36; 95% CI, 0.18 to 0.73). In contrast, the best estimates from our 

trial suggest that a McKenzie-based self-management and education program did not produce 

substantial reductions in the risk of a recurrence and did not generate precise-enough 

estimates to confidently recommend whether or not it should be used in preventing 

recurrences of LBP. Important differences between our RCT and Larsen et al.26 trial, that could 

explain the different findings include: different populations (broad community population, 

compared with male military conscripts); we recruited participants who had recovered from a 

previous episode of LBP within the past 6 months, while they included a mixed population with 

and without LBP; and, follow-up period (we followed participants from 12 months up to 30 

months, while Larsen and colleagues followed participants for only 10 months). 

Strengths of our study include a pre-specified published protocol,10 regular follow-ups to avoid 

recall bias and use of 3 definitions of a recurrence. We followed participants for between 12 

months and 30 months, and reported very high follow-up rates (completeness index of 94%). A 

limitation of our trial is that it was not possible to blind clinicians and participants to group 

allocation due to the nature of the intervention. A single therapist delivered the minimal 

intervention to the control group, which could impact the generalisability of findings. 

Participants in both groups received some co-interventions and these may have impacted on 

the results, especially the secondary outcome impact of low back pain, as most co-interventions 

were received as a result of the recurrences.    

It is unclear why the best estimates from our trial suggest the intervention did not produce 

substantial reductions in risk of a recurrence while exercise and education interventions have 

been effective in most previous trials. It is possible this is due to our imprecise estimates, but 

also suggests future research should investigate whether it is the exercise type, dosage, or both 
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that determines a protective effect. Our promising findings regarding reduction in care-seeking 

require further testing in larger RCTs fully powered for this less common but important event.  

What should clinicians make of this study's findings? The imprecise estimates on the first few 

outcomes should not be interpreted as evidence that the experimental intervention is 

ineffective for those outcomes. Further evidence may clarify that the intervention's effect is 

beneficial, negligible or harmful. Clinicians should keep an open mind about those outcomes 

until more precise estimates are available. For the time being, those estimates narrow our idea 

of what the true average effect of the intervention on those outcomes might be, but not 

enough to indicate whether we should use the treatment. The estimate of the effect on 

recurrence of LBP that leads to care-seeking is more promising and does exclude the possibility 

of any important harm, but it still includes the possibility of no effect, so the study cannot be 

used to recommend the experimental intervention to prevent care-seeking. Where the study 

was able to provide clear evidence was on the impact of LBP, with very narrow confidence 

intervals centred close to zero (ie, no effect). Clinicians can conclude that the experimental 

approach has a negligible effect on the impact of LBP. 

Given the strong trend evident on the 'care-seeking' outcome and the clear indication of 

negligible effect on the 'impact of LBP', it is interesting to speculate whether a treatment could 

prevent care-seeking even though it does not affect the impact of LBP. Although both 

interventions in this study offered strategies for self-management, the more intensive 

experimental intervention may have reinforced this message more effectively. Perhaps the 

experimental intervention does not delay the recurrence of LBP, but it does effectively teach 

patients to self-manage well enough that they don't need to seek care from a healthcare 

practitioner when the LBP recurs. The experimental intervention specifically aimed to provide 

participants with skills to become more active and responsible in the management of their 

condition. Participants were instructed to remain active and to use the exercises taught to 

manage minor recurrent symptoms. 

In conclusion, our best estimate is that a McKenzie-based self-management exercise and 

education program does not produce a substantial reduction in the risk of an activity-limiting 

episode of LBP but may produce a substantial reduction in recurrence of an episode of LBP 

leading to care-seeking. We also found clear evidence that any effect on the impact of LBP over 
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one year is negligible. Further research is necessary to understand whether the contraditory 

finding in this trial, when compared to previous trials, is because the experimental intervention 

was different in terms of the mode and dosage of the exercise or pehaps the different 

population characteristics. Future research should also investigate the promising trend that this 

experimental intervention might delay care-seeking when LBP recurs.
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What was already known on this topic: Current evidence of randomised, controlled trials 

(RCTs) suggests exercise combined with education reduces the risk of a new episode of LBP; 

however, the evidence from these RCTs is mostly based on relatively costly, inflexible and time-

consuming exercise programs.  

What this study adds: This study provided robust but imprecise estimates about whether a 

McKenzie-based self-management exercise and education program affects recurrence of LBP, 

but it provided clear evidence that any effect on the impact of LBP over one year is negligible. 

Further research should investigate the promising trend that this intervention might prevent 

people from seeking healthcare when LBP recurs. 
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Table 1. Baseline characteristics of participants included in the SAFE trial. 
Baseline variables All participants (N=261) Intervention group (N=132) Control group (N=129) 

Age, years, mean (SD) 42.3 (12.7) 40.8 (13.0) 43.8 (12.3) 
Women, n (%) 129 (49.4) 68 (51.5) 61 (47.3) 
Weight, Kg, mean (SD) 74.4 (16.1) 73.8 (17.1) 75.0 (15.0) 
Height, cm, mean (SD) 170.7 (9.4) 170.6 (9.1) 170.8 (9.7) 
BMI, kg/m2, mean (SD) 25.5 (5.0) 25.3 (5.2) 25.7 (4.9) 
Education level, n (%) 
    Some secondary school 02 (0.8) 2 (1.5) 0 (0.0) 
    Completed high school 17 (6.5) 11 (8.3) 6 (4.7) 
    Some additional training 38 (14.6) 20 (15.2) 18 (14.0) 
    Undergraduate university 104 (39.8) 47 (35.6) 57 (44.2) 
    Postgraduate university 100 (38.3) 52 (39.4) 48 (37.2) 
Current work status, n (%) 
    Full time 154 (59.0) 75 (56.8) 79 (61.2) 
    Part time 53 (20.3) 26 (19.7) 27 (20.9) 
    Unemployed 11 (4.2) 7 (5.3) 4 (3.1) 
    Students or homeworkers 17 (6.5) 12 (9.1) 5 (3.9) 
    Other 26 (10) 12 (9.1) 14 (10.9) 
Smoking, n (%) 
    Never 196 (75.1) 98 (74.2) 98 (76.0) 
    Used to smoke, but quit 54 (20.7) 28 (21.2) 26 (20.2) 
    Current smoker 11 (4.2) 6 (4.5) 5 (3.9) 
Manual task involving heavy loads, n (%) 
    Very frequently 18 (6.9) 9 (6.8) 9 (7.0) 
    Frequently 43 (16.5) 24 (18.2) 19 (14.7) 
    Occasionally 84 (32.2) 43 (32.6) 41 (31.8) 
    Rarely 54 (20.7) 28 (21.2) 26 (20.2) 
    Very rarely 49 (18.8) 20 (15.2) 29 (22.5) 
    Never 13 (5.0) 8 (6.1) 5 (3.9) 
Manual task involving awkward position, n (%) 
    Very frequently 10 (3.8) 6 (4.5) 4 (3.1) 
    Frequently 34 (13.0) 20 (15.2) 14 (10.9) 
    Occasionally 85 (24.9) 30 (22.7) 35 (27.1) 
    Rarely 65 (32.6) 44 (33.3) 41 (31.8) 
    Very rarely 48 (18.4) 21 (15.9) 27 (20.9) 
    Never 19 (7.3) 11 (8.3) 8 (6.2) 
General Health, n (%) 
    Excellent 46 (17.6) 23 (17.4) 23 (17.8) 
    Very good 111 (42.5) 53 (40.2) 58 (45.0) 
    Good 93 (35.6) 52 (39.4) 41 (31.8) 
    Fair 11 (4.2) 4 (3.0%) 7 (5.4) 
Number of previous episodes 6 (IQR, 3 to 15) 6.5 (IQR, 3 to 15)  6 (IQR, 3 to 15)  
Duration of last episode, days 7 (IQR, 3 to 21) 7 (IQR, 3 to 19.5) 7 (IQR, 4 to 21) 
Perceived risk of recurrence, mean (SD) 6.5 (2.3) 6.6 (2.3) 6.5 (2.3) 

Physical activity, minutes past 7 days 

    Walking 180 (IQR, 90 to 330) 192 (IQR, 92 to 358) 180 (IQR, 90 to 305) 
    Moderate/Vigorous PA 90 (IQR, 15 to 240) 90 (IQR, 0 to 240) 120 (IQR, 27 to 240) 
Time sitting, hours, mean (SD) 7.6 (3.2) 7.7 (3.2) 7.5 (3.3) 
DASS-21, mean (SD) 
    Depression 4.4 (5.9) 5.0 (6.8) 3.8 (5.0) 
    Anxiety 4.0 (4.7) 4.3 (4.9) 3.7 (4.4) 
    Stress 10.1 (8.3) 10.5 (8.8) 9.7 (7.8) 
Sleep quality, n (%) 
    Very good 55 (21.1) 29 (22.0) 26 (20.2) 
    Fairly good 144 (55.2) 67 (50.8) 77 (59.7) 
    Fairly bad 56 (21.5) 31 (23.5) 25 (19.4) 
    Very bad 6 (2.3) 5 (3.8) 1 (0.8) 
Values are mean (SD), n (%) or median (IQR). N, refers to participants included in the analyses; SD, Standard Deviation; n, refers to number of 
participants scored in each category; IQR, Interquartile Range; BMI, Body Mass Index; PA, Physical Activity.  
Perceived risk of recurrence over the next 12-months, scored from 0 (no risk) to 10 (very high risk); Physical activity, self-rated total time spent doing 
the activity (at least 10 minutes at a time) over the last 7 days; Time sitting, hours spent sitting on an average week-day in the last week; DASS-21, 21 
items Depression Anxiety Stress Scale (each domain score range from 0 to 21). 
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Table 2. Process measures in the SAFE trial. 

Measures Intervention group Control group 
Physical Activity, minutes past 7 days 
    Walking 
        Baseline 192 (IQR, 92 to 358) 180 (IQR, 90 to 305) 

3-months 150 (IQR, 90 to 300) 180 (IQR, 82 to 307) 
12-months 180 (IQR, 90 to 300) 180 (IQR, 90 to 303) 

    Moderate/Vigorous PA 
      Baseline 90 (IQR, 0 to 240) 120 (IQR, 27 to 240) 

3-months 90 (IQR, 40 to 200) 90 (IQR, 17 to 245) 
12-months 90 (IQR, 20 to 205) 90 (IQR, 30 to 180) 

Program compliance 
    Physiotherapy first session only, n (%) 10 (7.6) NA 
    Physiotherapy both sessions, n (%) 117 (88.6) NA 
    Home exercise program between sessions (BARS), mean (SD) 7.3 (2.1) NA 
    Compliance over 12-months (BARS), mean (SD) 

3-months 6.8 (2.3) 5.9 (2.5) 
6-months 5.5 (2.6) 5.7 (2.8) 
9-months 5.2 (2.7) 5.3 (2.8) 
12-months 5.1 (2.8) 5.2 (2.8) 

Credibility/expectancy 29.5 (6.0) 24.5 (9.0) 
Adverse events 
        Serious adverse events, no. of events 9 6 
        Adverse events, no. of events 29 41 
Co-interventions 

     Overall, no. of co-interventions 153 210 
        Most common, no. of co-interventions 
               Physiotherapy 45 57 
               Chiropractor 24 52 
               Massage 21 37 
               Pilates 21 11 
               Acupuncture 10 17 
               Yoga 6 9 
               Others 26 27 
Pregnancy 1 3 
Values are mean (SD), n (%) or median (IQR). SD, Standard Deviation; n, refers to number of participants scored in each category; IQR, 
Interquartile Range; PA, Physical Activity; BARS, Brief Adherence Rating Scale - scored from 0 (not compliant at all) to 10 (very 
compliant).  
Physical activity, self-rated total time spent doing the activity (at least 10 minutes at a time) over the last 7 days; Credibility/expectancy, 
scored from 4 (low credibility/expectancy) to 36 (high credibility/expectancy); Adverse events, number of adverse events reported in 
the study over 2 time-points (3-, and 12-months follow-ups); Co-intervention, number of additional co-interventions reported in the 
study over 4 time-points (3-, 6-, 9-, and 12-months follow-ups). 
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Table 3. Modelled estimates of the Personal Impact of Back Pain over 12-months period. 

Time-point 

Intervention group Control group 
MD (95% CI)* 

N Mean (SD) N Mean (SD) 

Baseline 132 21.71 (8.06) 129 21.66 (8.95) NA 
3-months 129 13.04 (4.72) 125 13.22 (5.76) -0.12 (-1.76 to 1.51)
6-months 129 12.61 (5.35) 120 13.76 (6.09) -1.12 (-2.99 to 0.73)
9-months 126 12.99 (5.01) 122 14.48 (7.28) -1.35 (-3.28 to 0.57)
12-months 125 13.57 (6.80) 117 13.39 (6.21) 0.14 (-1.81 to 2.09)
N, number of participants; SD, Standard Deviation; MD, Mean difference; CI, Confidence Interval; NA, Not Applicable. 
*MD between groups based on modelled estimates. A negative value of the MD estimate represents an effect in favour of the intervention group.
Personal Impact of Back Pain (9 items of the 29-item PROMIS short form), scored from 8 (least impact) to 50 (great impact). 
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Figure 1. Flow diagram of participants through SAFE trial. 

 

 

 

 

Assessed for eligibility (n=670) 

Excluded  (n=408) 
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• Declined to participate (n=10)
• Unable to contact (n=81)
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• Excluded from analysis (n=1)

- Post-randomisation exclusion (n=1)

Lost to follow-up (n=5) 
• Could not be contacted (n=3)
• Withdrew (n=2)

Allocated to intervention group (n=133) 
• Received allocated intervention (n=127)
• Did not receive allocated intervention (n=6)
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- Could not attend sessions (n=5)

Lost to follow-up (n=10) 
• Could not be contacted (n=8)
• Withdrew (n=2)

Allocated to control group (n=129) 
• Received allocated intervention (n=128)
• Did not receive allocated intervention (n=1)

- Could not be contacted (n=1)

Analysed  (n=129) 
• Excluded from analysis (n=0)

Allocation 

Analysis 

Follow-Up 

Randomized (n=262) 
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Figure 2. Kaplan-Meier survival curves for days to first recurrence of an episode of activity-
limiting LBP (A). 

LBP, Low Back Pain; CI, Confidence Interval; Recurrence is defined as a new episode of LBP of intensity >2/10, lasting at least 24 hours. 
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Figure 3. Kaplan-Meier survival curves for days to first recurrence of any episode of LBP (B). 

LBP, Low Back Pain; CI, Confidence Interval; Recurrence is defined as a new episode of LBP of intensity >2/10, lasting at least 24 hours. 
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Figure 4. Kaplan-Meier survival curves for days to first recurrence of LBP leading to care-seeking 
(C). 

LBP, Low Back Pain; CI, Confidence Interval; Recurrence is defined as a new episode of LBP of intensity >2/10, lasting at least 24 hours. 
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4.1 Preface 

The study presented in Chapter Three evaluated the effectiveness of an intervention aiming to 

prevent a new episode of low back pain. Similarly to the study in Chapter Three, some of the 

previous literature investigating prevention strategies for low back pain is based on trials 

aiming to reduce the risk of a new episode of low back pain. These studies usually recruit 

asymptomatic participants at study entry. However, other previous trials investigating the 

prevention of low back pain have recruited a mixed population of people, asymptomatic and 

symptomatic at study entry, rather than restricting inclusion only to asymptomatic people. 

These studies provide further important information regarding different outcomes such as 

future low back pain intensity and associated disability but were not included in previous

systematic reviews. To the candidate’s knowledge, no previous systematic review has

attempted to summarise the evidence on these outcomes. Chapter Four, therefore, presents 

the results for a systematic review that investigated the current literature evaluating the 

effectiveness of prevention strategies aiming to reduce future impact of low back pain; where 

impact is measured by low back pain intensity and associated disability.

The study presented in Chapter Four has been submitted to the British Journal of Sports 

Medicine and has been recently accepted for publication. The manuscript is presented in the 

format of the accepted manuscript before edits.

The systematic review registration with PROSPERO is presented in the Thesis Appendix 6. 
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Abstract 

Objective: To evaluate the evidence from randomised, controlled trials (RCTs) on the 

effectiveness of prevention strategies to reduce future impact of low back pain (LBP) and 

associated disability. 

Design: Systematic review with meta-analysis. 

Data Sources: MEDLINE, Embase, CINAHL, PEDro, and The Cochrane (CENTRAL) databases from 

inception to October 22, 2018. 

Eligibility criteria: RCTs evaluating any intervention aiming to prevent future impact of LBP, not 

restricting recruitment to participants with current LBP, reporting an outcome measure of LBP 

intensity and/or disability measured at least 3 months post-randomisation, and the 

intervention group must be compared to a group that received no intervention/placebo or 

minimal intervention. 

Main Outcome(s) and Measure(s): Primary outcome measures were low back pain-intensity 

and associated disability. Secondary outcome measures were other patient-centered outcomes 

relevant to LBP such as quality of life (QoL). Where possible data were pooled using random-

effects meta-analysis, outcomes were converted to a common 0 to 100 scale to accommodate 

for differences in trial scales and presented as between-group mean difference (MD) and 95% 

confidence intervals (CI). 

Results: 27 published reports of 25 different trials including a total of 8341 participants fulfilled 

the inclusion criteria. The pooled results, from three RCTs (612 participants), found moderate-

quality evidence that an exercise program can prevent future LBP intensity (MD, -4.50; 95% CI, -

7.26 to -1.74). There was moderate-quality evidence from pooling of 4 RCTs (471 participants) 

that an exercise and education program can prevent future disability due to LBP (MD, -6.28; 

95% CI, -9.51 to -3.06). It is uncertain whether prevention programs improve quality of life 

(QoL) and workability due to the overall low- and very low-quality available evidence. 

Conclusions: This review provides moderate-quality evidence that both an exercise program, 

and a program combining exercise and education, are effective to reduce future LBP intensity 

and associated disability. It is uncertain whether prevention programs can improve future QoL 

and workability. Further high-quality RCTs evaluating prevention programs aiming to reduce 

future impact of LBP are needed.     
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Introduction 

Low back pain (LBP) is the leading cause of global disability and a common reason for work 

absenteeism, lost productivity and care-seeking.1-3 Although most people with an episode of 

LBP improve substantially within 6-12 weeks,4 most will also experience a recurrence within 12 

months.5 The modern understanding is that LBP is a chronic condition presenting recurrent 

symptomatic episodes. Effective prevention strategies to reduce future LBP intensity and 

associated disability have the potential to greatly reduce the burden associated with this 

condition.   

A recent systematic review conducted by Steffens et. al.6 demonstrated there was moderate-

quality evidence that exercise combined with education reduces the risk of a future episode of 

LBP (RR, 0.55; 95% CI, 0.41 to 0.74), but most other interventions either lacked evidence or 

appeared to be ineffective. Importantly, this review took a traditional approach to prevention 

by only including studies where participants did not have LBP at baseline. While this approach 

works well in acute conditions where the onset and the end of the episode are clear, it has 

limitations for a chronic recurrent condition like LBP. In chronic fluctuating conditions it is 

arguably more important to prevent the consequences of the chronic disease (sometimes 

considered tertiary prevention) than to simply prevent the onset of the initial episode.  

Some previous studies have investigated the effectiveness of prevention strategies in terms of 

reducing future LBP intensity and/or associated disability rather than preventing a new episode 

of LBP.7 8 These studies commonly include “mixed populations” (ie, both asymptomatic and 

symptomatic patients) at study entry, rather than restricting inclusion only to people without 

LBP. Studies such as these provide important information about the potential effectiveness of 

prevention strategies on reducing future LBP intensity and associated disability, but were not 

included in the previous systematic review by Steffens and colleagues.6 These studies including 

“mixed populations” are also different from traditional treatment studies that require all 

participants to have symptoms at study entry. We are unaware of any previous review that has 

focused on these types of prevention studies.   

Therefore, the primary aim of this systematic review was to investigate the effectiveness of 

prevention strategies aiming to reduce future impact of LBP; where impact is measured by LBP 

intensity and associated disability.    
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Methods 

Study reporting and protocol registration 

The systematic review adhered to the statement for reporting systematic reviews and meta-

analyses of studies that evaluate healthcare interventions (PRISMA).9 The review protocol was 

prospectively registered on PROSPERO (CRD42018107946). 

Data sources and searches 

A comprehensive search of five electronic databases (MEDLINE via Ovid, EMBASE via Ovid, 

CINAHL, Physiotherapy Evidence Database (PEDro), and The Cochrane Central Register of 

Controlled Trials (CENTRAL) via The Cochrane Library for eligible manuscripts was conducted 

from the date of inception to October 22, 2018. A sensitive search strategy was used based on 

the recommendations of the Cochrane Back and Neck Group10 for “Randomised Controlled 

Trials” and “low back pain”, combined with search terms for “prevention”. The full search 

strategy for each database is presented in the online supplementary appendix A. In addition, 

reference lists of relevant reviews and included randomised controlled trials (RCTs) were 

manually searched and citation tracking of all included trials was performed. The searches and 

inclusion criteria were not restricted by language. 

Study selection and screening criteria 

We included published reports of RCTs, including cluster-RCTs, testing the effectiveness of 

prevention strategies aiming to reduce future impact of LBP. Impact of LBP was measured by 

LBP intensity and disability. We excluded RCTs that restricted recruitment to participants with 

current LBP (treatment studies). Eligible interventions included any approach aiming to prevent 

or reduce future impact of LBP such as workplace interventions to control risk factors or 

interventions to make people more fit/healthy/resilient. To be eligible trials needed to compare 

an intervention group to a group that received no intervention, sham intervention or minimal 

intervention. We also included RCTs investigating multimodal interventions if the effect of one 

intervention could be isolated (eg, back exercise and education versus education alone). 

Trials needed to report an outcome measure of LBP intensity and/or LBP associated disability 

measured at least 3 months post-randomisation. Primary outcomes for this review were: a) 

pain-intensity measured by a self-reported outcome measure (eg, visual analogue scale, 
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numerical rating scale) and b) disability measured by a self-reported outcome measure (eg, 

Oswestry Disability Index and Roland-Morris Disability Questionnaire). Other patient-centered 

outcomes relevant to back pain such as quality of life (QoL) were considered secondary 

outcomes. Studies that used a quasi-randomised design were excluded.  

A three stage screening process was used to select relevant RCTs for this review. In the first-

stage, one reviewer (TFC) screened all titles for eligibility and excluded clearly irrelevant 

studies. In the second-stage, each study title and abstract was independently evaluated by pairs 

of review authors (TFC, DS, JTF, MJH, SA). In the third-stage, the full-text for each potentially 

eligible study was assessed against the eligibility criteria by a pair of independent review 

authors (TFC, DS, JTF, MJH, SA). Disagreements were resolved through discussion. We 

contacted authors for additional information as necessary. 

Data extraction  

Data for each included trial were extracted by pairs of independent reviewers (TFC, DS, JTF, 

MJH, SA) using a standardised data extraction form and discrepancies were resolved through 

discussion. Extracted data included: study characteristics (eg, source, study design, country, 

participant’s characteristics, outcome measure, description of the intervention/control groups, 

and follow-up periods), means and measures of variability for all outcomes. When possible, raw 

mean and standard deviation outcome data for both the intervention group and control group 

were extracted. We also estimated raw data from graphs in cases where this information was 

not presented in tables or text. We attempted to contact authors of included RCTs to clarify any 

relevant information or request additional data when required. 

Quality appraisal  

Risk of bias was assessed using the PEDro Scale11-13 by either downloading the available scores 

from the PEDro database (http://www.pedro.org.au), or by two experienced PEDro raters 

rating the report when not available online. The total score on the PEDro scale is the addition of 

“yes” (criterion is clearly satisfied) responses for items 2-11 (item 1 is not used for calculation of 

the total PEDro scale score because it is more related to external validity) and range from 0 

(high risk of bias) to 10 (low risk of bias). There is evidence that the PEDro scale total score has 

acceptably high reliability and validity11 12 and Rasch analysis has confirmed that it can be used 

as a continuous scale.14  
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Quality of evidence assessment 

The overall quality of evidence for each intervention contrast was rated as high-, moderate-, 

low-, or very low-quality as recommended by the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) system.15 The GRADE classification was downgraded one 

level per study limitation, from high-quality, if any of the following limitations were present: (i) 

Design limitation (more than a quarter of participants from studies with low methodological 

quality [PEDro score <7]); (ii) Inconsistency of results (wide variation of point estimates across 

individual trials or substantial heterogeneity, I2 >50%); (iii) Imprecision (based on a threshold of 

<400 total participants for each pooled outcome estimate). We did not consider the 

indirectness criterion in this review as we included a specific population with relevant 

outcomes. When only a single RCT was available, evidence from RCTs with fewer than 400 

participants was downgraded for inconsistency and imprecision; however, evidence from single 

RCTs presenting more than 400 participants was only downgraded for inconsistency. 

Publication bias was not evaluated due to the small number of trials in each meta-analysis.16  

A GRADE profile was completed for each pooled estimate and for single RCTs comparing a LBP 

prevention strategy with a control intervention. Two independent reviewers (TFC and MJH) 

independently performed GRADE assessments for each treatment contrast and disagreements 

were resolved by discussion.  

Statistical analysis 

The between-groups mean difference (MD) and 95% confidence intervals (CIs) were calculated 

using the mean final score for the intervention and control groups. We used final scores rather 

than within group change scores as only one study reported change scores.16 When possible, 

we combined results in a meta-analysis using random-effects models. Negative values of the 

mean difference estimate represent an effect in favour of the intervention group. To 

accommodate the different scales used for study outcomes, we converted, whenever possible, 

outcomes to a common 0 to 100 scale. If conversion was not possible due to the nature of 

outcome (eg, categorical or ordinal), we did not convert the results but instead presented them 

as a narrative synthesis. If information regarding standard deviations was missing, we 

calculated these from CIs, standard errors or P-values; however, if no measure of variability was 
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presented, we estimated the standard deviation from the most similar and high-quality trial in 

the review as recommended by The Cochrane Collaboration.16  

Outcome assessment data were extracted for two time periods: short-term follow-up (collected 

at <12-months post-randomisation); long-term follow-up (collected at ≥12-months post-

randomisation). When studies presented multiple follow-up time-points that fell within the 

same category, we used the time-point that was closest to 6-months for short-term follow-up 

and one closest to 12-months for long-term follow-up. For RCTs including multiple treatment 

arms, we extracted data for each comparison that met the inclusion criteria and adjusted the 

numbers per group as recommended by The Cochrane Handbook for Systematic Review of 

Interventions.16 

Trials considered homogeneous were grouped, when possible, according to the population (eg, 

children, pregnant women), intervention strategy, outcome measure, and outcome assessment 

time-points (short-term and long-term). For RCTs not reporting the sample size at the follow-up 

time-point, we adopted the baseline sample size.  

Where we considered study interventions to be sufficiently similar to be combined in meta-

analyses, we assessed heterogeneity of treatment effects by visual inspection of effect size with 

95% CI and by using the I2 statistic. We used Comprehensive Meta-analysis, version 2.2.064 

(Biostat) for all analyses. 

Results 

Of the 17 342 identified records, 176 were considered potentially eligible and we reviewed full-

text manuscripts. Of these, twenty-seven published reports (25 different RCTs including 8 341 

participants) met the inclusion criteria and were deemed eligible for this review.7 8 17-41 The 25 

RCTs included ten cluster-RCTs7 17 20 28 30 34 35 39-41. Two RCTs were reported in four published 

manuscripts reporting different follow-up time-points.25 32 36 37 An outline of the screening and 

selection process is provided in Figure 1.
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Figure 1. Flow diagram of study selection 

Abbreviations: RCT, Randomised Controlled Trial; C-RCT, Cluster Randomised Controlled Trial; LBP, Low Back Pain 

Records identified through 
database searching 

(n = 17 342) 

Additional records identified 
through other sources 

(n = 27) 

Records after duplicates removed 
(n = 13 578) 

Records screened 
(n = 13 578) 

Records excluded based 
on title and abstract 

(n = 13 402) 

Full-text articles assessed 
for eligibility 

(n = 176) 
Full-text articles excluded, 

with reasons 
(n = 149) 

47 Not a RCT 
3 Not LBP prevention 
29 Required LBP at baseline 
1 No minimal control group 
66 No outcome of interest 
3 No full text available Studies included in the review 

(n = 27) 
17 from RCTs 
10 from C-RCTs 

71



The included studies investigated three different populations: general adults, pregnant women, 

and children. Most trials recruited participants who were employees at a hospital (32%) or 

company (40%) setting while only two trials (8%) recruited people from the general community. 

Most included trials (8 269 participants) examined a working-age population with the mean age 

of 45.1 years and majority female (75.9%). Six different LBP prevention strategies were 

investigated: exercise, exercise and education, education, ergonomics, ergonomics and 

education, and lumbar support. Two trials investigated LBP prevention strategies in a 

population of pregnant women,21 23 while one trial investigated a sample of primary school 

children.22 Eight trials presented two intervention contrasts (3 arms).7 17 19 29 31 35 40 41 Table 1 

and online supplementary appendix B provide details of the characteristics of each included 

trial.
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Risk of bias scores for twenty-four7 8 17-28 30-32 34-37 39-41 of the included studies were found on the 

PEDro database website. The other three studies29 33 38 were assessed by two raters. The mean 

(SD) PEDro score was 5.4 (1.2) with blinding, concealed allocation, intention-to-treat analysis 

and adequate follow-up being the main items scored as high risk of bias in 92%, 63%, 55% and 

52% of included studies, respectively. The PEDro scale ratings for individual items and the total 

score for each included RCT are available in online supplementary appendix C. 

Raw final scores data for intervention and control groups were available for 23 of the 25 

included trials. For the remaining two trials, we used the reported MD (95% CI).17 28 For six 

trials21 31 34-36 39 we calculated standard deviation (SD) and for two trials20 38 we imputed data 

from similar studies. Study design, follow-up time-point, outcome measure, sample size, raw 

MD and standard deviation for each intervention, and between-groups MD (95% CIs) for all 

included trials are presented in online supplementary appendix D (primary outcomes) and 

online supplementary appendix E (secondary outcomes). Trials were grouped according to the 

prevention strategy, outcomes, follow-up time-point (short- or long-term) and population. 

Table 2, online supplementary appendix F (primary outcomes) and online supplementary 

appendix G, online supplementary appendix H (secondary outcomes) provide a summary of the 

findings and the quality of evidence (GRADE) rating.    
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Effectiveness of interventions for primary outcomes 

Exercise  

Three trials (612 participants) investigated the short-term effects of exercise programs on 

prevention or reduction of future LBP intensity and associated disability.17 27 34 The pooled 

results of three trials (four intervention contrasts) provided moderate-quality evidence that 

exercise is effective for preventing future LBP intensity (MD, -4.50; 95% CI, -7.26 to -1.74) 

(Table 2 and Table 3).  

For prevention of associated disability due to LBP, a single trial (189 participants) provided very 

low-quality evidence of no short-term effect of exercise programs (MD, -2.36; 95% CI, -7.11 to 

2.39) (Table 2 and Table 4).27  
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Exercise and Education  

Three trials (184 participants) investigated the effectiveness of an exercise and education 

prevention program on reducing future LBP intensity at short-term follow-up,30 32 36 and four 

trials8 32 36 40 (471 participants) at long-term follow-up. The pooled results of the three trials 

provided low-quality evidence that an exercise and education program is not effective at short-

term follow-up (MD, -1.95; 95% CI, -10.09 to 6.18). The long-term results are based on pooling 

for the four trials and provided moderate-quality evidence of no long-term effect (MD, -4.37; 

95% CI, -9.16 to 0.43) (Table 2 and Table 3). 

For prevention of future disability due to LBP, two trials (150 participants) investigated short-

term follow-up,32 36 and four trials8 32 36 40 (471 participants) long-term follow-up. Pooled results 

of the two trials provides low-quality evidence of no short-term effect of an exercise and 

education program on reducing future disability associated with LBP (MD, -4.94; 95% CI, -12.78 

to 2.90). For long-term follow-up, four trials were pooled and provided moderate-quality 

evidence that exercise and education program is effective to reduce future disability associated 

with LBP (MD, -6.28; 95% CI, -9.51 to -3.06) (Table 2 and Table 4). 

Education  

The short-term effect of an education program on preventing future LBP intensity was 

investigated in four trials,18 29 31 33 while two trials7 40 reported results on long-term effects. The 

pooled results of three trials (777 participants)18 29 33 provided moderate-quality evidence that 

education programs do not prevent future LBP intensity at short-term follow-up (MD, -1.81; 

95% CI, -4.68 to 1.07). One trial (57 participants)31 was not included in the meta-analysis as it 

was not possible to convert data to a 0-100 scale. The long-term results are based on pooling of 

the two trials (126 participants)7 40 and provide low-quality evidence of no effect (MD, 1.71; 

95% CI, -6.14 to 9.56) (Table 2 and Table 3). 

For prevention of LBP associated disability, four trials (804 participants)29 33 38 41 reported short-

term data, and two trials (176 participants)40 41 reported long-term data. The pooled results of 

the four trials provide moderate-quality evidence of no short-term effect (MD, -2.59; 95% CI, -

6.15 to 0.96), while pooling of the two trials provide low-quality evidence of no long-term effect 

(MD, -0.29; 95% CI, -4.87 to 4.30) (Table 2 and Table 4). 
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Ergonomics intervention  

Three trials20 24 31 investigated the effectiveness of an ergonomics program on prevention of 

future LBP intensity at short-term follow-up (619 participants), and a single trial20 at long-term 

follow-up (538 participants). It was not possible to pool estimates for the three trials 

investigating short-term follow-up as we could not convert two trials24 31 to a 0-100 scale. The 

results from one trial20 on short-term (552 participants) (MD, 1.40; 95% CI, -3.28 to 6.08), and 

long-term (538 participants) (MD, 2.00; 95% CI, -2.74 to 6.74) follow-ups provides low-quality 

evidence of no effect on preventing future LBP intensity (Table 2 and Table 3).  

Ergonomics intervention and Education  

The effectiveness of an ergonomics and education program for preventing future LBP intensity 

(short-term) and LBP associated disability (short- and long-term) was investigated in a single 

trial.28 The results from one trial on short-term (192 participants) effect for either prevention of 

future LBP intensity (MD, 1.00 [95%CI, -6.93 to 8.93]) or disability due to LBP (MD, 2.08 [95%CI, 

-1.87 to 6.03]), and long-term (184 participants) effect for disability due to LBP (MD, 1.25

[95%CI, -3.08 to 5.58]) provide very low-quality evidence of no preventive effect.28 The long-

term effect on preventing future LBP intensity was investigated in two trials (266 participants)7 

28 and provide low-quality evidence of no effect (MD, 0.00 [95%CI, -6.70 to 6.70]) (Table 2,

Table 3 and Table 4).

Effectiveness of interventions for primary outcomes in special populations 

Three trials investigated the short-term effect of two different strategies to prevent future LBP 

intensity and associated disability in pregnant women and children.21-23 Pooling of two trials 

(452 participants) provides moderate-quality evidence that an exercise program was not 

effective for prevention of future LBP intensity (MD, -2.70; 95% CI, -6.56 to 1.17) at short-term 

follow-up in pregnant women.21 23 In addition, one trial (240 participants) provides low-quality 

evidence of no preventive effect on future disability due to LBP (MD, -2.91; 95% CI, -7.06 to 

1.24) in pregnant women.21  

Furthermore, a single trial (70 participants) shows very low-quality evidence that an exercise 

and education program has no effect on preventing future LBP intensity (MD, 0.00; 95% CI, -

11.68 to 11.68) in children at short-term follow-up.22 Results are presented in Table 2, Table 3 

and Table 4.  
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Effectiveness of interventions for secondary outcomes 

Four secondary outcome measures (QoL, workability, pain duration, and duration of sick leave) 

were investigated in 18 included trials;8 17 19-22 24-30 32 35-39 41 however, only two outcomes (QoL, 

and workability) were included in the meta-analysis as we could convert data to a 0-100 scale. 

Overall, we found the evidence was low- or very low-quality with intervention contrasts 

suggesting no prevention effect on either QoL or workability at short- and long-term follow-

ups. Results for secondary outcomes are presented in online supplementary appendix G and 

online supplementary appendix I.       

Discussion 

The key findings of this review were that there is moderate-quality evidence based on three 

trials (612 participants) (4 intervention contrasts) that exercise alone can reduce future LBP 

intensity (MD, -4.50; 95% CI, -7.26 to -1.74) at short-term follow-up. We found no studies that 

investigated the long-term effect of exercise. Furthermore, moderate-quality evidence from 

four trials (471 participants) indicates that exercise and education programs can reduce future 

disability associated with LBP (MD, -6.28; 95% CI, -9.51 to -3.06) at long-term follow-up. In 

addition, although not statistically significant, the evidence for exercise and education suggests 

that at short-term it may reduce future disability associated with LBP (MD, -4.94; 95% CI, -12.78 

to 2.90), and at long-term it may reduce future LBP intensity (MD, -4.37; 95% CI, -9.16 to 0.43). 

It is uncertain whether education, ergonomics, and ergonomics combined with education or 

interventions delivered in special populations (ie, pregnant women and children), can reduce 

future LBP intensity and associated disability due to very low- to low-quality of evidence found. 

Moreover, it is uncertain if a prevention program can reduce the impact of LBP on QoL and 

workability due to very low- to low-quality evidence presented in investigated intervention 

contrasts.      

Few previous systematic reviews have investigated prevention strategies for LBP.6 42-46 Of these, 

a recently published high-quality systematic review and meta-analysis included 23 reports and 

found moderate-quality evidence that exercise programs alone or in combination with 

education reduce the risk of a new episode of LBP.6 While our review investigated different 

outcomes (pain-intensity and disability rather than episodes of LBP) and different populations 

(including some people with current LBP) than Steffens et al,6 results from our study are 
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reasonably consistent with findings from Steffens and colleagues,6 supporting the evidence that 

exercise alone and in combination with education can also reduce future LBP intensity and 

associated disability.   

Although our review found evidence that both exercise and exercise combined with education 

program can reduce future LBP intensity and associated disability respectively, the evidence 

was of moderate-quality which means further high-quality RCTs are needed. In addition, the 

absolute effect sizes for exercise and exercise combined with education appear small. However, 

these effects must be considered in the context of LBP prevention. As relative effects and 

across large populations the preventative benefits may be important. For instance, when we 

look at the long-term outcome of disability for exercise combined with education we found a 

20% relative reduction.  

Some of the strengths of this study include the use of a pre-specified protocol registered on 

PROSPERO; no inclusion restriction on populations, settings, and age; sensitive search strategy 

using multiple electronic databases with supplementary hand searching, following the PRISMA 

recommendations; the use of the GRADE system to appraise the overall quality of the evidence; 

and the use of PEDro scale to assess risk of bias of included trials.  

The following limitations should be considered when interpreting our results. Despite our best 

efforts, authors could not be contacted to gather information for one potentially eligible RCT;47 

some standard deviations were not presented in included publications and had to be estimated 

from a similar included trial as recommended by The Cochrane Collaboration;16 nine cluster-

RCTs (18 intervention contrasts) required adjustment for clustering; only a small number of 

trials were included for most intervention contrasts; and some outcome measures (eg, pain 

duration and duration of sick leave) could not be pooled together due to the heterogeneity in 

measurements. In addition, for some of the included trials, the limited descriptions of the 

experimental intervention and minimal intervention made it difficult to be certain if the control 

group met our criteria for minimal intervention control. As an example, the control group in the 

Tuchin et al38 study did some exercises, however, these were limited and appeared to be very 

broad and not specific to spinal pain (“warm-up stretching program for sports”). Furthermore, 

there was an exercise component in the intervention group, so we felt this study had an 

appropriate minimal intervention control for the education contrast. Inspection of data from 
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included trials suggested that some data were likely skewed (mean/SD <2).48 We, therefore, 

conducted unplanned sensitivity analyses on the study’s primary outcomes of pain intensity 

and disability using the log-transformation methods recommended by Higgins and colleagues,49 

and have included these as Appendix J and Appendix K, respectively. Between-group 

differences on the log-transformed scale were then back-transformed producing effects as 

ratios with the 95% CI (see Appendix J and Appendix K), enabling comparison with the original 

effects from raw data. The results of these sensitivity analyses were consistent with the original 

analyses using raw data in terms of effect direction, size and statistical significance, other than 

the short-term effect on the disability outcome of the intervention contrast comparing 

education with control, which changed from a small, non-significant, beneficial effect when 

using original raw data to a small, significant, beneficial effect when using the log-transformed 

data (see Appendix K table). Most studies included in our review had sample sizes greater than 

50 participants, and therefore inferences based on means are less problematic due to the 

central limit theorem.49 50  

Conclusion 

Currently, there is moderate-quality evidence indicating that an exercise program can reduce 

future LBP intensity at short-term follow-up and that exercise in combination with education 

can reduce future disability due to LBP at long-term follow-up. On the other hand, there is very 

low- to low-quality of evidence that interventions including education alone, ergonomics, and 

ergonomics combined with education or interventions for specific populations (ie, pregnant 

women and children), do not seem to reduce future LBP intensity and associated disability. The 

impact of prevention programs on future QoL and workability is unclear due to the low- to very 

low-quality of available evidence.  

87



Competing interests 

The authors have no competing interest to declare. 

Acknowledgements 

Mr Tarcisio F. de Campos has a PhD scholarship from Macquarie University (Macquarie 

University Research Excellence Scholarship - MQRES). Prof Chris Maher is supported by a 

National Health and Medical Research Council Principal Research Fellowship.  

Contributorship 

Mr de Campos and Dr Hancock had full access to all the data in this systematic review and takes 

responsibility for the integrity of the data and the accuracy of the data analysis.  

Study concept and design: de Campos, Maher, Fuller, Steffens, Hancock. 

Acquisition, analysis, or interpretation of data: All authors. 

Drafting of the manuscript: de Campos, Maher, Hancock. 

Critical revision of the manuscript for important intellectual content: All authors. 

Statistical analysis: de Campos, Maher, Fuller, Hancock. 

Administrative, technical, or material support: de Campos, Fuller, Steffens, Attwell, Hancock. 

Study supervision: de Campos, Maher, Hancock. 

Funding source: None 

Ethical approval: Not required 

Data sharing statement: All data relevant to the study are included in the article or uploaded as 

supplementary information. 

Patient consent for publication: Not required 

88



References 

1. Driscoll T, Jacklyn G, Orchard J, et al. The global burden of occupationally related low back

pain: estimates from the Global Burden of Disease 2010 study. Ann Rheum Dis

2014;73(6):975-81. doi: 10.1136/annrheumdis-2013-204631

2. Walker BF, Muller R, Grant WD. Low back pain in Australian adults: The economic burden.

Asia Pac J Public Health 2003;15(2):79-87. doi: 10.1177/101053950301500202

3. James SL, Abate D, Abate KH, et al. Global, regional, and national incidence, prevalence,

and years lived with disability for 354 diseases and injuries for 195 countries and

territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017.

Lancet 2018;392(10159):1789-858. doi: 10.1016/S0140-6736(18)32279-7

4. Costa LdCM, Maher CG, Hancock MJ, et al. The prognosis of acute and persistent low-back

pain: a meta-analysis. CMAJ 2012;184(11):E613-E24. doi: 10.1503 /cmaj.111271

5. Da Silva T, Mills K, Brown BT, et al. Recurrence of low back pain is common: a prospective

inception cohort study. J Physiother 2019;65(3):159-65. doi: 10.1016/j.jphys.2019.04.010

6. Steffens D, Maher CG, Pereira LS, et al. Prevention of Low Back Pain: A Systematic Review

and Meta-analysis. JAMA Intern Med 2016;176(2):199-208. doi:

10.1001/jamainternmed.2015.7431 [published Online First: 2016/01/12]

7. Jensen LD, Gonge H, Jors E, et al. Prevention of low back pain in female eldercare

workers: randomized controlled work site trial. Spine 2006;31(16):1761-69. doi:

10.1097/01.brs.0000227326.35149.38

8. Chaleat-Valayer E, Denis A, Abelin-Genevois K, et al. Long-term effectiveness of an

educational and physical intervention for preventing low-back pain recurrence: a

randomized controlled trial. Scand J Work Environ Health 2016;42(6):510-19. doi:

10.5271/sjweh.3597

9. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic

reviews and meta-analyses of studies that evaluate healthcare interventions: explanation

and elaboration. BMJ 2009;339:b2700. doi: 10.1136/bmj.b2700

10. Furlan DA, Malmivaara GA, Chou AR, et al. 2015 Updated Method Guideline for

Systematic Reviews in the Cochrane Back and Neck Group. Spine 2015;40(21):1660-73.

doi: 10.1097/BRS.0000000000001061

89



11. Macedo LG, Elkins MR, Maher CG, et al. There was evidence of convergent and construct

validity of Physiotherapy Evidence Database quality scale for physiotherapy trials. J Clin

Epidemiol 2010;63(8):920-25. doi: 10.1016/j.jclinepi.2009.10.005

12. Maher CG, Sheerington C, Herbert RD, et al. Reliability of the PEDro scale for rating

quality of randomized controlled trials. Phys Ther 2003;83(8):713-21. doi:

10.1093/ptj/83.8.713

13. de Campos TF, Maher CG, Steffens D, et al. Exercise programs may be effective in

preventing a new episode of neck pain: a systematic review and meta-analysis. J

Physiother 2018;64(3):159-65. doi: 10.1016/j.jphys.2018.05.003

14. de Morton NA. The PEDro scale is a valid measure of the methodological quality of clinical

trials: a demographic study. Aust J Physiother 2009;55(2):129-33. doi: 10.1016/S0004-

9514(09)70043-1

15. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of

evidence and strength of recommendations. BMJ 2008;336(7650):924-26. doi:

10.1136/bmj.39489.470347.AD

16. Higgins J, Green S, eds. Cochrane Handbook for Systematic Reviews of Interventions,

Version 5.1.0. http://handbook-5-1.cochrane.org/: The Cochrane Collaboration Updated

March 2011.

17. Barene S, Krustrup P, Holtermann A. Effects of the Workplace Health Promotion Activities

Soccer and Zumba on Muscle Pain, Work Ability and Perceived Physical Exertion among

Female Hospital Employees. PLoS One 2014;9(12):e115059. doi:

10.1371/journal.pone.0115059

18. Donaldson CS, Stanger LM, Donaldson MW, et al. A randomized crossover investigation of

a back pain and disability prevention program: possible mechanisms of change. J Occup

Rehabil 1993;3(2):83-94.

19. Donchin M, Woolf O, Kaplan L, et al. Secondary prevention of low-back pain. A clinical

trial. Spine 1990;15(12):1317-20.

20. Driessen MT, Proper KI, Anema JR, et al. The effectiveness of participatory ergonomics to

prevent low-back and neck pain - results of a cluster randomized controlled trial. Scand J

Work Environ Health 2011;37(5):383-93. doi: 10.5271/sjweh.3163

90



21. Eggen MH, Stuge B, Mowinckel P, et al. Can supervised group exercises including

ergonomic advice reduce the prevalence and severity of low back pain and pelvic girdle

pain in pregnancy? A randomized controlled trial. Phys Ther 2012;92(6):781-90. doi:

10.2522/ptj.20110119

22. Fanucchi GL, Stewart A, Jordaan R, et al. Exercise reduces the intensity and prevalence of

low back pain in 12-13 year old children: a randomised trial. Aust J Physiother

2009;55(2):97-104. doi: 10.1016/S0004-9514(09)70039-X

23. Garshasbi A, Faghih Zadeh S. The effect of exercise on the intensity of low back pain in

pregnant women. Int J Gynaecol Obstet 2005;88(3):271-75. doi:

10.1016/j.ijgo.2004.12.001

24. Gatty CM. A comprehensive work injury prevention program with clerical and office

workers: Phase II. Work 2004;23(2):131-37.

25. Glomsrod B, Lonn JH, Soukup MG, et al. "Active back school", prophylactic management

for low back pain: three-year follow-up of a randomized, controlled trial. J Rehabil Med

2001;33(1):26-30.

26. Gundewall B, Liljeqvist M, Hansson T. Primary prevention of back symptoms and absence

from work. A prospective randomized study among hospital employees. Spine

1993;18(5):587-94.

27. Haufe S, Wiechmann K, Stein L, et al. Low-dose, non-supervised, health insurance

initiated exercise for the treatment and prevention of chronic low back pain in

employees. Results from a randomized controlled trial. PLoS One 2017;12(6):e0178585.

doi: 10.1371/journal.pone.0178585

28. Ijzelenberg H, Meerding WJ, Burdorf A. Effectiveness of a back pain prevention program:

a cluster randomized controlled trial in an occupational setting. Spine 2007;32(7):711-19.

doi: 10.1097/01.brs.0000259072.14859.d9

29. Irvine AB, Russell H, Manocchia M, et al. Mobile-Web app to self-manage low back pain:

randomized controlled trial. J Med Internet Res 2015;17(1):e1. doi: 10.2196/jmir.3130

30. Kamioka H, Okuizumi H, Okada S, et al. Effectiveness of intervention for low back pain in

female caregivers in nursing homes: a pilot trial based on multicenter randomization.

Environ Health Prev Med 2011;16(2):97-105. doi: 10.1007/s12199-010-0170-1

91



31. Ketola R, Toivonen R, Häkkänen M, et al. Effects of ergonomic intervention in work with

video display units. Scand J Work Environ Health 2002;28(1):18-24. doi:

10.5271/sjweh.642

32. Lonn JH, Glomsrod B, Soukup MG, et al. Active back school: prophylactic management for

low back pain. A randomized, controlled, 1-year follow-up study. Spine 1999;24(9):865-

71. doi: 10.1097/00007632-199905010-00006

33. Menzel NN, Lilley S, Robinson ME. Interventions to reduce back pain in rehabilitation

hospital nursing staff. Rehabil Nurs 2006;31(4):138-47. doi: 10.1002/j.2048-

7940.2006.tb00377.x

34. Pedersen MT, Andersen CH, Zebis MK, et al. Implementation of specific strength training

among industrial laboratory technicians: long-term effects on back, neck and upper

extremity pain. BMC Musculoskelet Disord 2013;14:287. doi: 10.1186/1471-2474-14-287

35. Pedersen MT, Blangsted AK, Andersen LL, et al. The effect of worksite physical activity

intervention on physical capacity, health, and productivity: a 1-year randomized

controlled trial. J Occup Environ Med 2009;51(7):759-70. doi:

10.1097/JOM.0b013e3181a8663a

36. Soukup MG, Glømsrod B, Lønn JH, et al. The effect of a Mensendieck exercise program as

secondary prophylaxis for recurrent low back pain. A randomized, controlled trial with 12-

month follow-up. Spine 1999;24(15):1585-91.

37. Soukup MG, Lonn J, Glomsrod B, et al. Exercises and education as secondary prevention

for recurrent low back pain. Physiother Res Int 2001;6(1):27-39. doi: 10.1002/pri.211

38. Tuchin PJ. Spinal care education as a preventative strategy for occupational health &

safety: a new role for chiropractors. Australas Chiropr Osteopathy 1998;7(1):8-14.

39. van Poppel MN, Koes BW, van der Ploeg T, et al. Lumbar supports and education for the

prevention of low back pain in industry: a randomized controlled trial. JAMA

1998;279(22):1789-94. doi: 10.1001/jama.279.22.1789

40. Warming S, Ebbehoj NE, Wiese N, et al. Little effect of transfer technique instruction and

physical fitness training in reducing low back pain among nurses: a cluster randomised

intervention study. Ergonomics 2008;51(10):1530-48. doi: 10.1080/00140130802238606

41. Yassi A, Cooper JE, Tate RB, et al. A randomized controlled trial to prevent patient lift and

transfer injuries of health care workers. Spine 2001;26(16):1739-46.

92



42. Chuter V, Spink M, Searle A, et al. The effectiveness of shoe insoles for the prevention and

treatment of low back pain: a systematic review and meta-analysis of randomised

controlled trials. BMC Musculoskelet Disord 2014;15:140. doi: 10.1186/1471-2474-15-140

43. Choi BKL, Verbeek JH, Wai-San Tam W, et al. Exercises for prevention of recurrences of

low-back pain. Occup Environ Med 2010;67(11):795-96. doi: 10.1136/oem.2010.059873

44. van Poppel MNM, Hooftman WE, Koes BW. An update of a systematic review of

controlled clinical trials on the primary prevention of back pain at the workplace. Occup

Med 2004;54(5):345-52. doi: 10.1093/occmed/kqh065

45. Linton JS, Van Tulder WM. Preventive Interventions for Back and Neck Pain Problems:

What is the Evidence? Spine 2001;26(7):778-87. doi: 10.1097/00007632-200104010-

00019

46. Maher CG. A systematic review of workplace interventions to prevent low back pain. Aust

J Physiother 2000;46(4):259-69. doi: 10.1016/S0004-9514(14)60287-7

47. Sihawong R, Janwantanakul P, Jiamjarasrangsi W. A prospective, cluster-randomized

controlled trial of exercise program to prevent low back pain in office workers. Eur Spine J

2014;23(4):786-93. doi: 10.1007/s00586-014-3212-3

48. Altman DG, Bland JM. Statistics Notes: Detecting skewness from summary information.

BMJ 1996;313(7066):1200. doi: 10.1136/bmj.313.7066.1200

49. Higgins JPT, White IR, Anzures-Cabrera J. Meta-analysis of skewed data: Combining results

reported on log-transformed or raw scales. Statistics in Medicine 2008;27(29):6072-92.

doi: 10.1002/sim.3427

50. Kwak SG, Kim JH. Central limit theorem: the cornerstone of modern statistics. Korean J

Anesthesiol 2017;70(2):144-56. doi: 10.4097/kjae.2017.70.2.144 [published Online First:

2017/02/21]

93



94

4.9 Published supplementary material

Summary Box

What is already known?

• The available research suggests exercise combined with education reduces the

risk of a future episode of low back pain; however, it is unclear if

effective prevention strategies exist to reduce future low back pain

intensity and associated disability.

What are the new findings?

• We found moderate-quality evidence supporting the effectiveness of exercise

as a prevention strategy to reduce future low back pain intensity at short-

term follow-up and that exercise combined with education can

reduce future disability associated with low back pain at long-term follow up.

• We are uncertain whether prevention strategies can positively impact quality

of life or workability owing the low- to very low-quality evidence found.
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Appendix A. Database specific search strategies

MEDILINE via Ovid
1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. comparative study.pt.
4. clinical trial.pt.
5. pragmatic clinical trial.pt.
6. randomized.ab.
7. placebo.ab,ti.
8. drug therapy.fs.
9. randomly.ab,ti.
10. trial.ab,ti.
11. groups.ab,ti.
12. or/1-11
13. (animals not (humans and animals)).sh.
14. 12 not 13
15. dorsalgia.ti,ab.
16. backache.ti,ab.
17. (lumbar adj pain).ti,ab.
18. coccyx.ti,ab.
19. coccydynia.ti,ab.
20. sciatica.ti,ab.
21. spondylosis.ti,ab.
22. lumbago.ti,ab.
23. back disorder$.ti,ab.
24. Low Back Pain/
25. Back Pain/
26. sciatic neuropathy/
27. or/15-26
28. prevent$.mp.
29. prophylactic.mp.
30. recur$.mp.
31. relapse.mp.
32. reappearance$.mp.
33. reoccurrence$.mp.
34. return.mp.
35. exp recurrence/
36. exp relapse/
37. primary prevention/
38. secondary prevention/
39. or/28-38
40. 14 AND 27 AND 39
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Embase via Ovid
1. randomized controlled trial.mp.
2. controlled clinical trial.mp.
3. comparative study.mp.
4. clinical trial.mp.
5. pragmatic clinical trial.mp.
6. randomized.ab.
7. placebo.ab,ti.
8. drug therapy.fs.
9. randomly.ab,ti.
10. trial.ab,ti.
11. groups.ab,ti.
12. or/1-11
13. (animals not (humans and animals)).sh.
14. 12 not 13
15. dorsalgia.ti,ab.
16. backache.ti,ab.
17. (lumbar adj pain).ti,ab.
18. coccyx.ti,ab.
19. coccydynia.ti,ab.
20. sciatica.ti,ab.
21. spondylosis.ti,ab.
22. lumbago.ti,ab.
23. back disorder$.ti,ab.
24. Low Back Pain/
25. Back Pain/
26. sciatic neuropathy/
27. or/15-26
28. prevent$.mp.
29. prophylactic.mp.
30. recur$.mp.
31. relapse.mp.
32. reappearance$.mp.
33. reoccurrence$.mp.
34. return.mp.
35. exp recurrence/
36. exp relapse/
37. primary prevention/
38. secondary prevention/
39. or/28-38
40. 14 AND 27 AND 39
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CINAHL via EBSCO
S1. “back pain”
S2. “back strain”
S3. “low back pain”
S4. “low back syndrome”
S5. “low back dysfunction”
S6. “low back disorder”
S7. “dorsalgia”
S8. “backache”
S9. “radiculopathy”
S10. “lumbago”
S11. “sciatica”
S12. “coccyx”
S13. “coccydynia”
S14. (MH “Low Back Pain”)
S15. (MH “Back Pain”)
S16. (MH “Sciatica”)
S17. (MH “Coccyx”)
S18. (MH “Lumbar Vertebrae”)
S19. (MH “Spondylolisthesis”)
S20. (MH “Spondylolysis”)
S21. (MH “Radiculopathy”)
S22. S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12

OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21
S23. (MH “Clinical Trials+”)
S24. “randomi?ed controlled trial”
S25. “clinical W3 trial”
S26. “single-blind” 
S27. “double-blind” 
S28. “triple-blind” 
S29. S23 OR S24 OR S25 OR S26 OR S27 OR S28
S30. (MH “Placebo Effect”)
S31. (MH “Placebos”)
S32. “placebo*”
S33. “random*”
S34. S30 OR S31 OR S32 OR S33
S35. (MH “Random Sample+”)
S36. (MH “Comparative Studies”)
S37. (MH “Evaluation Research+”)
S38. (MH “Prospective Studies+”)
S39. S35 OR S36 OR S37 OR S38
S40. “follow‐up stud*” 
S41. “followup stud*”
S42. “control” 
S43. “prospectiv*”
S44. “volunteer*”
S45. S40 OR S41 OR S42 OR S43 OR S44
S46. S29 OR S34 OR S39 OR S45
S47. (MH “Animals”)
S48. S46 not S47
S49. “prevent*”
S50. “prophyla*”
S51. “recur*”
S52. “relaps*”
S53. “reappearance*”
S54. “reoccur*”
S55. “return*”
S56. (MH “Preventive trials”)
S57. (MH “Recurrence”)
S58. S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57
S59. S22 AND S48 AND S58
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Physiotherapy Evidence Database (PEDro)
#1. prevent* in <Abstract & Title> field
#2. pain in <Problem> field
#3. “lumbar spine, sacro-iliac joint or pelvis” in <Body Part> field
#4. musculoskeletal in <Subdiscipline> field
#5. clinical trial in <Method> field
#6. Match all search terms (AND) in <When Searching> field
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The Cochrane Central Register of Controlled Trials (CENTRAL) via Cochrane Library
#1. low back pain
#2. backache
#3. back strain
#4. back injur*
#5. low back syndrome
#6. low back dysfunction
#7. low back disorder
#8. back pain
#9. lumbar pain
#10. lumbago
#11. sciatica
#12. MeSH descriptor: [Low Back Pain] explode all trees
#13. MeSH descriptor: [Back Pain] explode all trees
#14. MeSH descriptor: [Lumbar Vertebrae] explode all trees
#15. MeSH descriptor: [Sciatica] explode all trees
#16. MeSH descriptor: [Sciatic Nerve] explode all trees
#17. MeSH descriptor: [Radiculopathy] explode all trees
#18. {or #1‐ #17}
#19. Randomized controlled trial
#20. controlled clinical trial
#21. clinical trial
#22. random*
#23. placebo*
#24. Trial
#25. MeSH descriptor: [Comparative Study] explode all trees
#26. MeSH descriptor: [Placebos] explode all trees
#27. MeSH descriptor: [Random Allocation] explode all trees
#28. MeSH descriptor: [Single‐Blind Method] explode all trees
#29. MeSH descriptor: [Double‐Blind Method] explode all trees
#30. MeSH descriptor: [Evaluation Studies as Topic] explode all trees
#31. MeSH descriptor: [Controlled Clinical Trials as Topic] explode all trees
#32. MeSH descriptor: [Clinical Trials as Topic] explode all trees
#33. MeSH descriptor: [Follow‐Up Studies] explode all trees
#34. {or #19‐ #33}
#35. animal*
#36. #34 not #35
#37. MeSH descriptor: [Primary Prevention] explode all trees
#38. MeSH descriptor: [Secondary Prevention] explode all trees
#39. MeSH descriptor: [Recurrence] explode all trees
#40. prevent*
#41. prophyla*
#42. recur*
#43. relaps*
#44. reappearance*
#45. reoccur*
#46. return*
#47. {or #37 ‐ #46}
#48. #18 and #36 and #47
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CHAPTER FIVE

Exercise programs may be effective in preventing a new

episode of neck pain: a systematic review and meta-analysis
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5.1 Preface

Previous systematic reviews have summarised the evidence for interventions to prevent neck 

pain. However, none of those reviews has investigated prevention strategies including only 

randomised controlled trials and trials recruiting asymptomatic participants at study entry. 

Chapter Five in this thesis presents the results for a systematic review that investigated 

prevention strategies to reduce the risk of an episode of neck pain.

The study presented in Chapter Five has been published as:

de Campos TF, Maher CG, Steffens D, Fuller JT, Hancock MJ. Exercise programs may be effective 

in preventing a new episode of neck pain: a systematic review and meta-analysis. J Physiother. 

2018 Jul;64(3):159-165. doi: 10.1016/j.jphys.2018.05.003

The systematic review registration with PROSPERO is presented in the Thesis Appendix 7.
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Exercise programs may be effective in preventing a new episode of neck pain:
a systematic review and meta-analysis
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[19_TD$DIFF], Joel T Fuller a, Mark J Hancock a

aDepartment of Health Professions, Macquarie University; b The University of Sydney School of Public Health, [21_TD$DIFF]Faculty of Medicine and Health, The University of Sydney; c Surgical
Outcomes Research Centre (SOuRCe), Royal Prince Alfred Hospital, Sydney, Australia; [23_TD$DIFF]d Sydney Medical School, The University of Sydney

Introduction

Neck pain is one of the most significant health problems
worldwide.1[20_TD$DIFF] It has been ranked the fourth leading cause of years
lived with disability, according to the Global Burden of Disease
Study.2 Mean lifetime prevalence is estimated to be 48.5% and is
expected to increase due to the ageing population.2,3[24_TD$DIFF] The natural
course of an episode of neck pain is favourable;4 however,
recurrence rates are reported to be high,5 which contributes to
the high global social and economic burden. The Global Burden of
Disease studies1,2 and Task Forces6 worldwide have called for
prevention strategies for neck and back pain. Recent clinical
practice guidelines for neck pain lack recommendations for
prevention.7 Consequently, a comprehensive, high-quality system-
atic review of the literature is required to examine the effective-
ness of prevention strategies for neck pain.

A number of systematic reviews that examined the effective-
ness of interventions for preventing neck pain have been
published.8–12 However, these systematic reviews have important
limitations. Some were published > 10 years ago,8,9 some did not
publish a pre-specified study protocol,10,12 some included non-
randomised studies,10–12 and some included studies recruiting
symptomatic participants at study entry.9,11 There has been no
systematic review investigating strategies for prevention of neck
pain including only randomised, controlled trials (randomised,
controlled trials) and asymptomatic participants at baseline.

Therefore, the research question for this systematic reviewwas:

What is the effectiveness of interventions that aim to prevent a
new episode of neck pain?

Method

This systematic review adhered to the statement for reporting
systematic reviews and meta-analyses of studies that evaluate
healthcare interventions (PRISMA).13

Identification and selection of studies

Acomprehensivesearchoffiveelectronicdatabases(MEDLINEvia
Ovid, EMBASE via Ovid, CINAHL, Physiotherapy Evidence Database
(PEDro), and The Cochrane Central Register of Controlled Trials
(CENTRAL)viaTheCochraneLibrary)wasconductedfromtheearliest
records published to 27 April, 2018. A sensitive search strategy was
used based on the recommendations of the Cochrane Back and Neck
Group14 for ‘randomised controlled trials’ and ‘neck pain’, combined
with search terms for ‘prevention’. The detailed search strategy for
each database is presented in Appendix 1 (see eAddenda for
Appendix 1). In addition, reference lists of relevant reviews and
included randomised, controlled trials were manually searched for
additional randomised, controlled trials, and citation tracking of all
included trials was performed. Non-English language studies were

Journal of Physiotherapy 64 (2018) 159–165

K E Y W O R D S

Neck pain
Prevention
Randomised controlled trial
Systematic review
Meta-analysis

A B S T R A C T

Question: What is the effectiveness of interventions that aim to prevent a new episode of neck pain?
Design: Systematic review and meta-analysis of randomised, controlled trials. Participants: People
without neck pain at study entry. Intervention: Any intervention aiming to prevent a future episode of
neck pain. Outcome measures: New episode of neck pain. Results: Five trials including a total of
3852 individuals met the inclusion criteria. The pooled results from two randomised, controlled trials
(500 participants) found moderate-quality evidence that exercise reduces the risk of a new episode of
neck pain (OR 0.32, 95% CI 0.12 to 0.86). One of the meta-analysed trials included some co-interventions
with the exercise. There was low-quality evidence from three randomised, controlled trials
(3352 participants) that ergonomic programs do not reduce the risk of a new neck pain episode (OR
1.00, 95% CI 0.74 to 1.35). Conclusion: This review found moderate-quality evidence supporting the
effectiveness of an exercise program for reducing the risk of a new episode of neck pain. There is a need
for high-quality randomised, controlled trials evaluating interventions to prevent new episodes of neck
pain. Registration: PROSPERO CRD42017055174. [de Campos TF, Maher CG, Steffens D, Fuller JT,
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included if an appropriate translation could be obtained; otherwise,
they were noted but excluded from analyses.

Randomised, controlled trials assessing the effectiveness of
prevention strategies for neck pain were included if they met the
inclusion criteria listed in Box 1. A three-stage screening process
was used to select relevant randomised, controlled trials for this
review. In the first stage, one reviewer (TFC) screened all titles for
eligibility and excluded clearly irrelevant studies. In the second
stage, each study title and abstract was independently evaluated
by two reviewers (TFC and DS or JTF). In the third stage, the full text
for each potentially eligible study was retrieved and assessed
against the eligibility criteria by two independent reviewers (TFC
and DS or JTF). In cases of disagreement, a third reviewer (MJH or
CGM) was consulted.

Assessment of characteristics of studies

Risk of bias
Risk of bias was assessed using the PEDro Scale15,16[25_TD$DIFF] by

downloading the available scores from the PEDro database. If a
study had not been rated on the website, two experienced PEDro
raters scored the study. The total score on the PEDro scale is the
addition of ‘yes’ (criterion is clearly satisfied) responses for Items
2 to 11 (Item 1 is not used for calculation of the total PEDro scale
score because it ismore related to external validity) and range from
0 (high risk of bias) to 10 (low risk of bias). There is evidence that
the PEDro scale total score has acceptably high reliability and
validity15,16 and Rasch analysis has confirmed that it can be used as
a continuous scale.17

Participants
Randomised, controlled trials were included if the participants

did not have neck pain at study entry or did not meet all of the
study’s criteria for an episode of neck pain at baseline. For example,
if a small proportion of participants had mild neck pain at study
entry but all were working, and the study outcome was a new
episode of work absence due to neck pain, then the studywould be
considered eligible.

Intervention
To be eligible for inclusion, trials had to evaluate an

intervention aiming to prevent a future episode of neck pain.
The experimental group had to be compared to a group that
received no intervention, sham intervention or minimal inter-
vention. Randomised, controlled trials investigating multimodal
interventions were also included.

Outcome measures
To be eligible for inclusion, trials had to report an outcome

measure of a new episode of neck pain (eg, number of participants
experiencing a new episode of neck pain, or number of participants
taking sick leave due to a new episode of neck pain), or ameasure of
neck pain or disability over the follow-up period (pain or disability
measures at a single point in time did not satisfy this criterion).

Data extraction and analysis

Data for each included trial were extracted by two independent
reviewers (TFC and MJH or JTF) using a standardised data
extraction form and discrepancies were resolved by discussion
with a third author (CGM). Extracted data included the character-
istics of the trial (eg, demographic characteristics of the
participants, description of the interventions, duration of treat-
ment, and description of the outcomes) and outcome data.
Whenever possible, raw outcome data (number of participants
having a new episode of neck pain and total number of
participants) in both the intervention group and control group
were extracted. Treatment effect estimates were calculated using
methods recommended in the Cochrane Handbook for Systematic
Review of Interventions.18 Attempts were made to contact authors
of included trials to clarify any relevant information or request
additional data, when required.

Theoverallqualityofevidencewasassessed foreach intervention
contrast and rated as high, moderate, low, or very low, as
recommended by the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system.19 The GRADE
classification was downgraded one level per study flaw, from high
quality, if any of the following flawswere present: design limitation
(more than a quarter of participants from studies with high risk of
bias, PEDro score< 7); inconsistency of results (substantial hetero-
geneity, I2[26_TD$DIFF] > 50%); and imprecision (based on a threshold
of< 400participants for eachpooledoutcome, and also observation
of the95%CIs incasesofdichotomousoutcomes). This reviewdidnot
consider the indirectness criterion because the eligibility criteria
ensured a specific population with relevant outcomes. In addition,
the review did not assess publication bias due to insufficient study
numbers. Two reviewers (TFC andMJH or DS or JTF) independently
performed GRADE assessments for each treatment contrast.

Trials considered homogeneous were grouped into the same
prevention strategy category. Odds ratios (ORs) and 95% CIs were
calculated and a random-effects model was used to pool estimates
using commercial meta-analysis softwarea. For randomised, con-
trolled trials that did not report the sample size at the end of the
follow-up period, the OR (95% CI) was calculated using the baseline
sample size. Outcome data on short-term follow-up (� 12 months)
and long-term follow-up (> 12 months) were assessed. Statistical
heterogeneity was assessed visually and using the I2 statistic.

Results

Flow of studies through the review

Overall, the comprehensive database search strategy identified
12 725 records. After screening articles by title and abstract,
114 potentially eligible studies were identified, and their full texts
were retrieved. In total, five trials (3852 participants) met the
inclusion criteria and were included in the review.20–24 The
included studies were three randomised, controlled trials20,22,24

and two cluster-randomised, controlled trials.21,23An outline of the
screening and reviewing process can be seen in Figure 1.

Characteristics of studies

Risk of bias
Risk of bias scores for four of the randomised, controlled

trials20,21,23,24were found on the PEDro database website. The fifth

Box 1. Inclusion criteria.

Design
� Randomised, controlled trials

Participants
� People not meeting the study’s definition of an episode of

neck pain at study entry

Intervention
� Any intervention aiming to prevent a new episode of neck

pain

Outcome measures
� A new episode of neck pain

� A new episode of neck pain leading to care seeking,

activity limitation or work loss

� Measures of pain or disability over the follow-up period

Comparisons
� The intervention group must be compared to no

intervention/placebo or minimal intervention

� Studies investigating the additional benefit of a treatment

(eg, exercise + education versus exercise alone)
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study22 was independently assessed and scored by two experi-
enced PEDro raters. The mean PEDro score was 6.2 (SD 1.3) with
blinding, concealed allocation, and adequate follow-up being the
main items scored as high risk of bias. The PEDro scale responses
for individual items and the total score for each included
randomised, controlled trial are available in Table 1.

Participants
All of the included trials (3852 participants) examined a

working-age populationwith the mean age around 40 years, about
42% of whom were female. Four trials investigated prevention
strategies in a population of office workers,20–23 while one trial
investigated a sample of nursing personnel.24 Table 2 provides
details about the characteristics of each trial.

Intervention
The included trials investigated the effect of two neck pain

prevention strategies: ergonomic programs20–22 and exercise pro-
grams.23,24 The three trials20–22 assessing ergonomic programs used
multiple prevention strategies: adjustment of workstation,20,22

ergonomic redesign or modification,20–22 evaluation of participant

posture while performing daily tasks,22manual handling aids,21 and
job rotation.21One of the two trials investigating exercise programs23

evaluated neck muscle stretching and endurance training. This was
deliveredatworktwiceadayforeachworkingdayandtwiceaweekat
home over the 12-month study period. The second trial investigating
exercise24 evaluated a generalised aerobic program, including: body
awareness and aerobic, strengthening, stabilising and stretching
exercises, supplemented by health information/stress management
training, and a practical examination of the workplace. The exercise
programwas delivered in 1-hour sessions, three times per week for
9 months, and the health information/stress management compo-
nent was delivered in 1-hour sessions, once per week for 4 months.

Outcome measures
Raw data on the number of new events (eg, neck pain episodes)

and number of participants were available for four20,22–24 of the
five trials. For these four studies, ORs (95% CI) were calculated. For
the remaining study,21 an OR with 95% CI and p-value was
provided, but raw data on the number of new events were not
presented. No eligible trials were identified that reported outcome
data on the number of new episodes of neck pain leading to care

[(Figure_1)TD$FIG]

Records identified from databases (n = 12 725)

•
•
•
•
•
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•
•
•

•
•

MEDLINE search (n = 1447)
Embase search (n = 8077)
CINAHL search (n = 1430)
Cochrane Library search (n = 1715)
PEDro search (n = 56)

Additional records identified through other 
sources
(n = 8)

1755 duplicates removed

10 978 records screened
(Title and Abstract)

Records excluded
(n = 10 864)

Full-text articles assessed for eligibility
(n = 114)

Full-text articles excluded (n = 109)

not a randomised trial (n = 34)
ineligible participants (n = 58)
no eligible outcome (n = 12)
duplicates (n = 4)
could not contact authors for data (n = 1)

Trials included (n = 5)
3 randomised, controlled trials
2 cluster-randomised, controlled trials

Figure 1. Flow of studies through the review.
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seeking, activity limitation, or days lost from work. All trials
followed participants for � 12 months (short-term follow-ups).
The number of new events, sample size and ORs (95% CIs) for the
included randomised, controlled trials are presented in Figure 2 on
the eAddenda. A summary of the findings and quality of evidence
assessment (GRADE) are presented in Table 3.

Effect of ergonomic programs on preventing neck pain
Three randomised, controlled trials20–22 (3352 participants)

were included in the meta-analysis investigating the effect of
ergonomic programs compared to no orminimal intervention. One
randomised, controlled trial20 had four intervention arms. The
minimal intervention arm was used as the control group. Each of

Table 1
PEDro scores of included trials.

[15_TD$DIFF]Study Eligibility
criteria

and source

Random
allocation

Concealed
allocation

Baseline
comparability

Blind
subjects

Blind
therapists

Blind
assessors

Adequate
follow-up

Intention-
to-treat
analysis

Between-
group

comparisons

Point
estimates

and variability

Total score
(0 to 10)

Pillastrini
et al (2007)22[14_TD$DIFF]

N Y N Y N N Y Y Y Y Y 7

Conlon
et al (2008)20

Y Y N Y N N Y N Y Y Y 6

Tveito
et al (2009)24

N Y Y Y N N N N N Y Y 5

Driessen
et al (2011)21

Y Y N Y N N N N Y Y Y 5

Sihawong
et al (2014)23

Y Y Y Y N N Y Y Y Y Y 8

N=no, PEDro=Physiotherapy Evidence Database, Y =yes.

Table 2
Characteristics of the included trials.

Study Participantsa[15_TD$DIFF] Outcome definition Experimental group Control group Time and frequency of [16_TD$DIFF]
interventions

Follow-up
period

Pillastrini et al
(2007)22

n =99
Mean age=42 yrs
Gender =71% females
Administrative
personnel of the city’s
Town Hall

Neck pain episode:
Indicated the presence
of neck pain on a pain
drawing. Outcome
assessed at 5 months’
follow-up.

Ergonomic intervention:
workstation evaluation and
adjustments, and postural
evaluation while
performing daily tasks, by a
physiotherapist.

No intervention Exp: One ergonomic
intervention session of
30mins for each operator,
with twice a month
supervision and
consultation of 5 to
10mins.

5 months

Conlon et al
(2008)20

n =206
Mean age=43 yrs
Gender =28% females
Office workers
(engineers)

Neck pain episode: A
neck disorder
diagnosed on the
physical examination if
neck discomfort>5/10
reported at weekly
assessment.

Ergonomic program
(implementation of an
adapted workstation): (i)
an alternative mouse; (ii) a
conventional
mouse+ forearm support
board; (iii) an alternative
mouse+ forearm support
board– aimed to prevent
musculoskeletal disorders.

Minimal intervention:
workstation with a
conventional mouse

Exp/Con: Participants were
asked to use the work
station while on duty.

12 months

Driessen et al
(2011)21

n =3047
Mean age=42 yrs
Gender =41% females
Participants recruited
through four Dutch
companies

Neck pain episode:
Presence of neck pain at
least 3 on a 4-point
scale (DMQ). Outcome
assessed every
3 months.

Ergonomic program:
implementation of
Stay@Work participatory
ergonomic program
(evaluation and prioritise
the risk factors and
ergonomic measures to
prevent neck pain).

Minimal intervention:
educational movies
about prevention of
neck pain

Exp: Participants were
asked to use the ergonomic
program while on duty
(first 3 months to
implement the ergonomic
measures)
Con: 3�45s educational
movies.

12 months

Tveito et al (2009)24 n =40
Mean age=N/S
Gender =100% females
Employees (nursing
personnel) in a nursing
home for older people
in Norway

Neck pain episode:
Severity was scored on
a 4-point scale (0=no
complaint to 3= severe
complaints); no cut-off
point.

Integrated Health Program:
physical exercise (based on
a standardised aerobic
dancing program) to
improve physical capacity,
strength and flexibility,
including: body awareness,
aerobic, strength,
stabilising and stretching
exercises. Supplemented by
health information/stress
management training and a
practical examination of
the work place.

No intervention Exp: Aerobic program
3�week for 1hour for
9 months. A total of
15hours of information
(1 hour/week for 3 months)
on stress, coping, health
and lifestyle and a
workplace practical
examination.

9 months

Sihawong et al
(2014)23

n =567
Mean age=37 yrs
Gender =50% females
Office workers with
lower neck flexion
range and muscle
endurance, from
12 large-scale
enterprises in Bangkok

Neck pain episode: An
incident episode was
defined as having
pain>30mm on a 100-
mm visual analogue
scale and had no
weakness or numbness
in the upper limb.
Outcome assessed
using a diary.

Exercise program:
stretching exercises and
endurance exercises for the
neck muscles. Included
daily reminder messages
for the first 3 months.

No intervention Exp: Neck muscles
stretching exercise twice
daily for each working day,
and muscle endurance
training ten times, twice
per wk, during the 12-mth
study period.

12 months

Con= control group, DMQ=Dutch Musculoskeletal Questionnaire, Exp=experimental group, N/S=not stated.
a Participants with no neck pain at baseline.
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three pairwise comparisons were separately included, with the
number of events and participants in the control group divided out
evenly among the comparisons, as recommended in the Cochrane
Handbook for Systematic Reviews.18 The pooled results for
ergonomic programs provided low-quality evidence of no protec-
tive effect (OR 1.00, 95% CI 0.74 to 1.35) when compared to no or
minimal intervention in preventing new episodes of neck pain
(Figure 3, Table 3). See Figure 2 in the eAddenda for a detailed
forest plot.

Effect of exercise programs on preventing neck pain
Two randomised, controlled trials23,24[27_TD$DIFF] (500 participants) were

included in the meta-analysis investigating the effect of exercise
programs compared to no intervention control. In one randomised,
controlled trial23the interventionwas restricted to exercise,while in
the other randomised, controlled trial,24 exercise was the primary
intervention, supplemented by health information/stress manage-
ment training, and a practical examination of the workplace. The
pooled results provided moderate-quality evidence of reduced risk
of a future neck pain episode (OR 0.32, 95% CI 0.12 to 0.86) (Figure 4,
Table 3). See Figure 2 in the eAddenda for a detailed forest plot.

Discussion

Five randomised, controlled trials investigating two interven-
tion strategies to prevent neck pain were deemed eligible to be
included in this systematic review. The review found moderate-
quality evidence that an exercise program substantially reduces
the risk of a new episode of neck pain (OR 0.32, 95% CI 0.12 to 0.86).
This evidence was derived from two trials that included
500 participants.23,24[27_TD$DIFF] Pooled results from three trials20–22 with
3352 participants produced low-quality evidence that ergonomic
programs do not reduce the risk of a new episode of neck pain (OR
1.00, 95% CI 0.74 to 1.35).

The strengths of this systematic review included the use of a
pre-specified protocol registered on PROSPERO, sensitive search
strategy using multiple electronic databases with supplementary

hand searching, following the PRISMA recommendations, and the
use of the GRADE system to appraise the overall quality of the
evidence. The risk of bias of included trials was assessed using the
PEDro scale, which has acceptably high reliability and validity,15,16

and can be used as a continuous scale for measuring risk of bias in
randomised, controlled trials.17

This systematic review andmeta-analysis had some limitations. A
small number of trials were included, despite the comprehensive
search strategy. The majority of the trials20–23 evaluated the
effectiveness of the intervention in office workers; thus, the
generalisability of these findings to other populations is unclear.
Authors could not be contacted to gather information for one
potentially eligible trial.25 Some included trials were not regis-
tered,20,22,24 and did not present a pre-specified published proto-
col,20,22,24 leading to potential reporting bias. The two trials23,24

evaluatingexercisehaddifferentapproaches toexercise: inone trial,23

the programwas confined to neck exercises, whereas the other trial24

evaluated a generalisedwhole body exercise program, supplemented
by health information/stress management training, which means
there is uncertainty about which approach to recommend.

It is believed that the current systematic review with meta-
analysis is the first to have included only randomised, controlled
trials evaluating prevention strategies for neck pain that have
included asymptomatic participants at baseline (or at least
participants that did not meet all of the study’s criteria for an
episode of neck pain at baseline). Previous systematic reviews that
have investigated the effectiveness of interventions to prevent
neck pain have included trials with symptomatic participants at
study entry.8–12[28_TD$DIFF] Some are also out of date,8–10 and some include
sub-optimal study designs (such as non-randomised trials or
quasi-experimental studies).9,10

A recent review12 investigated the effectiveness of exercise for
preventing upper extremity musculoskeletal disorders, including
neck pain.12 That review found evidence of limited to strong quality
that exercise could prevent upper extremity symptoms; however,
it included studies with symptomatic participants at baseline (ie,
the studies evaluated treatment, not prevention), and also
included study designs other than randomised, controlled trials.
Furthermore, that review did not differentiate neck pain from
other body regions (eg, neck/shoulder) when assessing trials for

Table 3
Summary of findings and quality of evidence assessment.

Prevention strategy Summary of findings Quality of evidence assessment (GRADE)

Trials
(n)

Participants
(n)

OR
(95% CI)

Study limitation Inconsistency Imprecision Overall quality

Ergonomic program 3 335220–22[17_TD$DIFF] 1.00
(0.74 to 1.35)

–1 –1 None Low

Exercise 2 50023,24 0.32
(0.12 to 0.86)

None None –1a Moderate

GRADE=Grading of Recommendations Assessment, Development and Evaluation.
The quality of evidence was downgraded one level (–1) if the study did not comply with each GRADE criteria.

a Downgraded one level (–1) due to wide CI of pooled effect.
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Study
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Conlon20

Conlon20

Conlon20

Driessen21

Pooled

0.10.01 1 10010
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Favours Exp  Favours Con

Figure 3. Odds ratio for neck pain episode in trials of ergonomic programs,
estimated by pooling data from three trials (n = 3352).
[14_TD$DIFF]Exp = experimental group, Con = control group.
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Study

Tveito24
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Pooled

OR (95% CI)
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0.10.01 1 10010
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Figure 4. Odds ratio for neck pain episode in trials of exercise, estimated by pooling
data from two trials (n = 500). Note that one study24 administered exercise
supplemented by health information/stress management training, and a practical
examination of the workplace.
Exp = experimental group, Con = control group.
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the effectiveness of exercise prevention strategies. As a result of the
stricter inclusion criteria, the current review identified a substan-
tially smaller number of randomised, controlled trials.

A Cochrane review26 (with 13 randomised, controlled trials
involving 2397 workers) reported that most ergonomic interven-
tions were not effective in preventing work-related upper limb and
neck musculoskeletal disorders, which is in line with the results
from the current review. However, one meta-analysis in the
Cochrane review, including two randomised, controlled trials,20,27

found moderate-quality evidence that the use of ergonomic
equipment may reduce the incidence of neck/shoulder pain. The
difference in inclusion criteria, especially the inclusion of studies
that did not differentiate neck and shoulder pain, and studies of
participants with pain at study entry, may explain the somewhat
different conclusions between the Cochrane review and the
current systematic review and meta-analysis.

The results of the present systematic review on prevention of
neck pain are similar to the results of a recently published
systematic review on prevention of low back pain.28 Steffens and
colleagues also found that an exercise program alone (RR 0.65,
95% CI 0.50 to 0.86) or in combination with education (RR 0.55,
95% CI 0.41 to 0.74) are effective for preventing low back pain. For
a more direct comparison with the result of the Steffens review,
the current meta-analysis for the exercise intervention was re-
calculated as RR (instead of OR as in Figures 2 and 4). Exercise
reduced the risk of a new episode of neck pain by 53% (RR 0.47,
95% CI 0.32 to 0.68). The calculation for the pooled RR result for
the exercise intervention contrast is presented in Figure 5 on the
eAddenda.

Although the current systematic review found that exercise
programs are likely to roughly halve the risk of a new episode of
neck pain, the quality of the evidence ismoderate and further high-
quality randomised, controlled trials are needed. One randomised,
controlled trial24 evaluating exercise provided participants with
health information/stress management training and a workplace
assessment as part of the intervention, which means there is
uncertainty about the effectiveness of the exercise alone. The
durations of the exercise programs were quite long – 9 months24

and 12 months23 – which needs to be borne in mind when
considering this therapy. Additionally, there are no outcomes
beyond 12 months, so the long-term effect is unknown. Further-
more, high-quality randomised, controlled trials are needed to
investigate the potential benefit of interventions to prevent
episodes of neck pain leading to care seeking, activity limitation,
and days lost from work.

In conclusion, the results of this review found moderate-
quality evidence that an exercise program reduces the risk of a
new episode of neck pain. Ergonomic strategies do not appear to
prevent neck pain. Additional trials with longer-term follow-up
would more clearly establish the public health implications of
this result.

What was already known on this topic: Neck pain is
common, but clinical practice guidelines lack recommenda-
tions regarding prevention. Past systematic reviews of preven-
tive interventions for neck pain have had important flaws such
as the inclusion of non-randomised studies.
What this study adds: Exercise programs substantially re-
duce the risk of a new episode of neck pain. The evidence for
this is of moderate quality and one of the included trials
included some co-interventions with the exercise. Ergonomic
programsdonot appear to significantly reduce the riskof a new
episode of neck pain, but the evidence for this is of low quality.

Footnote: a Comprehensive Meta-analysis, version 2.2.064,
Biostat, Englewood, NJ, USA.

eAddenda: [29_TD$DIFF]Appendix 1, Figures 2 and 5 can be found online at
https://doi.org/10.1016/j.jphys.2018.05.003
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5.9 Published eAddenda material

Appendix 1. Database specific search strategy

Medline via Ovid
#1. Neck pain.mp.
#2. neckache.mp.
#3. neck strain.mp.
#4. neck injur*.mp.
#5. neck syndrome.mp.
#6. neck dysfunction.mp.
#7. neck disorder.mp.
#8. cervical pain.mp.
#9. cervicodynia.mp.
#10. cervicalgia.mp.
#11. radiculopathy.mp.
#12. brachialgia.mp.
#13. brachial neuritis.mp.
#14. brachial neuralgia.mp.
#15. brachial plexus neuropath*.mp. 
#16. brachial plexus neuritis.mp.
#17. whiplash.mp.
#18. cervico brachial neuralgia.mp.
#19. cervicobrachial neuralgia.mp.
#20. Neck/
#21. Neck Pain/
#22. exp neck injuries/
#23. Radiculopathy/
#24. exp Brachial Plexus Neuropathies/
#25. exp whiplash injuries/
#26. or/1‐25
#27. Randomized controlled trial.pt.
#28. controlled clinical trial.pt.
#29. clinical trial.pt.
#30. random*.tw.
#31. placebo*.mp.
#32. trial.ab,ti.
#33. exp Randomized Controlled Trial as Topic/
#34. Controlled Clinical Trial/
#35. Comparative Study/
#36. Follow-Up Studies/
#37. evaluation studies/
#38. exp Clinical Trial/
#39. Random Allocation/
#40. Placebos/
#41. Single-Blind Method/
#42. Double-Blind Method/
#43. or/27‐42
#44. (animals not (humans and animals)).sh.
#45. 43 not 44
#46. Prevent*.mp.
#47. prophyla*.mp.
#48. recur*.mp.
#49. relaps*.mp.
#50. reappearance*.mp.
#51. reoccur*.mp.
#52. return*.mp.
#53. Exp Recurrence/ 
#54. Primary prevention/ 
#55. Secondary prevention/ 
#56. or/46‐55
#57. 26 and 45 and 56
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EMBASE via Ovid
#1. Neck pain.mp.
#2. neckache.mp.
#3. neck strain.mp.
#4. neck injur*.mp.
#5. neck syndrome.mp.
#6. neck dysfunction.mp.
#7. neck disorder.mp.
#8. cervical pain.mp.
#9. cervicodynia.mp.
#10. cervicalgia.mp.
#11. radiculopathy.mp.
#12. brachialgia.mp.
#13. brachial neuritis.mp.
#14. brachial neuralgia.mp.
#15. brachial plexus neuropath*.mp.
#16. brachial plexus neuritis.mp.
#17. whiplash.mp.
#18. cervico brachial neuralgia.mp.
#19. cervicobrachial neuralgia.mp.
#20. Neck/
#21. Neck Pain/
#22. exp Brachial Plexus Neuropathies/
#23. exp neck injuries/
#24. exp whiplash injuries/
#25. Radiculopathy/
#26. or/1‐25
#27. Randomi#ed controlled trial.mp.
#28. controlled clinical trial.mp.
#29. clinical trial.mp.
#30. random*.tw.
#31. placebo*.mp.
#32. trial.ab,ti.
#33. Controlled Clinical Trial/
#34. Comparative Study/
#35. exp Clinical Trial/
#36. Randomized Controlled Trial/
#37. Placebo/
#38. Single Blind Procedure/
#39. Double Blind Procedure/
#40. Random Allocation/
#41. Evaluation Studies/
#42. Follow-Up Studies/
#43. or/27‐42
#44. Limit 43 to human
#45. Prevent*.mp.
#46. prophyla*.mp.
#47. recur*.mp.
#48. relaps*.mp.
#49. reappearance*.mp.
#50. reoccur*.mp.
#51. return*.mp.
#52. Primary prevention/
#53. Secondary prevention/
#54. Exp Recurrence/
#55. or/45‐54
#56. 26 and 44 and 55
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CINAHL via Ebsco
S1. “neck pain”
S2. “neck strain”
S3. “neck injur*”
S4. “neck syndrome”
S5. “neck dysfunction”
S6. “neck disorder”
S7. “cervical pain”
S8. “cervicalgia”
S9. “radiculopathy”
S10. “brachialgia”
S11. “brachial neuritis”
S12. “brachial neuralgia”
S13. “brachial plexus neuropath*”
S14. “brachial plexus neuritis”
S15. “whiplash”
S16. (MH “Neck”)
S17. (MH “Neck Pain”)
S18. (MH “Brachial Plexus Neuropathies+)
S19. (MH “Neck Injuries+”)
S20. (MH “Whiplash Injuries”)
S21. (MH “Radiculopathy”)
S22. S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 

OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 
S23. (MH “Clinical trials+”)
S24. “randomi?ed controlled trial”
S25. “clinical W3 trial”
S26. “single-blind”
S27. “double-blind”
S28. “triple-blind”
S29. S23 OR S24 OR S25 OR S26 OR S27 OR S28
S30. (MH “Placebo Effect”)
S31. (MH “Placebos”)
S32. “placebo*”
S33. “random*”
S34. S30 OR S31 OR S32 OR S33 
S35. (MH “Random Sample+”)
S36. (MH “Comparative Studies”)
S37. (MH “Evaluation Research+”)
S38. (MH “Prospective Studies+”)
S39. S35 OR S36 OR S37 OR S38 
S40. “follow‐up stud*”
S41. “followup stud*”
S42. “control”
S43. “prospectiv*”
S44. “volunteer*” 
S45. S40 OR S41 OR S42 OR S43 OR S44 
S46. S29 OR S34 OR S39 OR S45 
S47. (MH “Animals”)
S48. S46 not S47
S49. “prevent*”
S50. “prophyla*”
S51. “recur*” 
S52. “relaps*”
S53. “reappearance*”
S54. “reoccur*”
S55. “return*”
S56. (MH “Preventive trials”)
S57. (MH “Recurrence”)
S58. S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57 
S59. S22 AND S48 AND S58
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PEDro ( https://www.pedro.org.au/ )
#1. prevent* in <Title & Abstract> field
#2. Pain in <Problem> field
#3. “head or neck” in <Body Part> field
#3. clinical trial in <Method> field
#4. Match all search term (AND) in <When Searching> field

https://www.pedro.org.au/
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The Cochrane Library via Wiley
#1. neck pain
#2. neckache
#3. neck strain
#4. neck injur*
#5. neck syndrome
#6. neck dysfunction
#7. neck disorder
#8. cervical pain
#9. cervicodynia
#10. cervicalgia
#11. radiculopathy
#12. brachialgia
#13. brachial neuritis
#14. brachial neuralgia
#15. brachial plexus neuropath*
#16. brachial plexus neuritis
#17. whiplash
#18. cervico brachial neuralgia
#19. cervicobrachial neuralgia
#20. [Neck] explode all trees
#21. [Neck Pain] explode all trees
#22. [Brachial Plexus Neuropathies] explode all trees
#23. [Neck Injuries] explode all trees
#24. [Whiplash Injuries] explode all trees
#25. [Radiculopathy] explode all trees
#26. or #1 ‐ #25
#27. Randomized controlled trial
#28. controlled clinical trial.
#29. clinical trial
#30. random*
#31. placebo*
#32. trial
#33. [Clinical Trials as Topic] explode all trees
#34. [Comparative Study] explode all trees
#35. [Placebos] explode all trees
#36. [Random Allocation] explode all trees
#37. [Single-Blind Method] explode all trees
#38. [Double-Blind Method] explode all trees
#39. [Evaluation Studies as Topic] explode all trees
#40. [Follow‐up Studies] explode all trees
#41. or #27 ‐ #40
#42. animal*
#43. #41 not #42
#44. prevent*
#45. prophyla*
#46. recur*
#47. relaps*
#48. reappearance*
#49. reoccur*
#50. return*
#51. [Primary prevention] explode all trees
#52. [Secondary prevention] explode all trees
#53. [Recurrence] explode all trees
#54. or #44 ‐ #53
#55. #26 and #43 and #54
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CHAPTER SIX

Discussion and conclusion



6.1 Preface 

The work presented in this thesis provides novel data that contribute to the contemporary 

understanding of effective intervention strategies to prevent spinal pain. The primary aim of 

this thesis was to investigate the effect of a low-cost and flexible exercise and education 

program based on the McKenzie method for the prevention of a recurrence of low back pain. 

Chapter Two described the rationale and methods for this study, while Chapter Three reported 

the results from this study. To further explore the effectiveness of prevention strategies to 

reduce the burden of spinal pain, this thesis also investigated the evidence for prevention 

strategies aiming to reduce future impact of low back pain (Chapter Four), and the evidence for 

prevention strategies to reduce the risk of an episode of neck pain (Chapter Five). The current 

chapter (Chapter Six) provides an overview of the key findings and implications and then 

discusses future research directions. 

6.2 Main findings and implications 

6.2.1 The McKenzie-based self-management approach does not appear to reduce risk of 

back pain recurrences, unlike most previously investigated exercise and education 

approaches 

Despite the current evidence from a systematic review1 reporting that exercise combined with 

education can reduce the risk of low back pain, the structure of the programs offered in most of 

the included trials (e.g. 20 x 1-hour face-to-face sessions) may not be scalable and acceptable. 

Thus, an effective low-cost, less time-consuming intervention would be ideal, reducing the 

burden for people seeking healthcare, and increasing the likelihood of large-scale 

implementation. The randomised controlled trial presented in Chapter Three, therefore, 

provides the first investigation of the effectiveness of the McKenzie-based self-management 

exercise and education program in the general population for the secondary prevention of a 

recurrence of low back pain. The trial recruited 262 adults who recently recovered from an 

episode of low back pain within the last six months. Differently from most previous trials, this 

study followed participants for a minimum of 12 months and up to 30 months for the primary 

outcome of a recurrence of low back pain limiting daily activities. The findings from this trial 

indicate that the experimental intervention is unlikely to reduce the risk of recurrence of low 

back pain. This is in contrast with a recent systematic review1 which reported that exercise in 

combination with education reduces the risk of an episode of low back pain by 45% for up to 

one year (RR, 0.55; 95% CI, 0.41 to 0.74). The trial findings are also in contrast with a recent 
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network meta-analysis2 which summarised the comparative effectiveness of low back pain 

prevention strategies. The authors of this network meta-analysis review also found exercise 

and education was effective in preventing low back pain recurrence.  

There are important differences between the trial reported in Chapter Three and previous 

exercise and education prevention trials that may help explain the contradictory findings and 

have implications for clinicians delivering interventions aiming to prevent low back pain. These 

include differences in the study intervention and population and are discussed below. 

6.2.1.1 Nature and dosage of exercise program 

The exercise approach investigated in Chapter Three was quite different from the approach 

used in most previous low back pain prevention trials, including the ones reported in the 

previous systematic reviews1 2 and Chapter Four review, in both the nature of the exercise and 

the dosage. The experimental intervention in Chapter Three involved a simple exercise 

program that aimed to balance the mechanical forces resulting from the postures or positions 

used throughout the day by the individual person. For instance, if a person spent most of the 

day in a flexed posture or position (e.g. sitting), exercise was focused on the opposite direction 

(i.e. back extensions). Exercises were typically passive movements or stretches and did not aim 

to increase muscular strength or endurance. The exercise program was taught over only 2 x 30-

45 minutes sessions by a physiotherapist. The exercises prescribed varied according to the 

physiotherapist’s initial assessment in terms of frequency, duration, and direction of 

movement, as this was an individualised intervention program. This typically involved short 

sessions (e.g. 10 to 15 repetitions) multiple times per day. In contrast, most of the exercise and 

education programs in previous prevention trials, included a mix of strengthening, co-

ordination and aerobic exercises, delivered in multiple sessions per week over a few months. 

For instance, in the trial by Lonn and colleagues3 the active back school (experimental 

intervention) was delivered in 20 sessions over 13 weeks. Each session lasted 60 minutes with 

exercise comprising: (i) ergonomic principles of bending the knee and hip joints, while keeping 

the lumbar segments in a neutral position when performing functional exercises and obstacle 

course simulations; (ii) strength training of legs, pelvis and upper body muscles; (iii) stretching 

exercises for the calf muscles, hamstrings, rectus femoris, and hip flexors.  
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Although, most previous studies have investigated exercise programs that include a mix of 

aerobic and strengthening exercises, unlike the exercise program investigated in Chapter 

Three, a previous study by Larsen and colleagues4 investigated an experimental intervention 

with some similarities to that investigated in Chapter Three. Their experimental intervention 

included 15 repetitions of passive prone back extensions performed twice daily, and a single 

session of the McKenzie method-based education (40 minutes). The Larsen et al4 study 

reported a risk reduction of around 60%. Some differences between the experimental 

intervention in Chapter Three and Larsen’s study4 include individualisation of the program 

based on an examination by a physiotherapist, variability of the direction of exercises (e.g. 

trunk flexion, prone extension, side gliding) and different dosage of exercises, all based on the 

need of each individual participant. In contrast, in the Larsen study, there was no 

individualisation of the experimental intervention, which means all participants were asked to 

perform the same exercises (i.e. 15 passive prone back extensions) two times per day in group 

sessions during the study period. 

Based on the study in Chapter Three and the previous literature, it remains unclear what the 

optimal exercise mode is for the prevention of low back pain, and which underlying 

mechanisms contribute to the reduction in the risk of an episode of low back pain. Given most 

previous trials reporting benefits used a mix of strengthening, coordination and aerobic 

exercises, clinicians should consider including these when prescribing exercises to prevent low 

back pain. Most previous trials also delivered the exercises in a group setting so the available 

literature suggests this approach may be more effective than exercises performed 

independently as per the study in Chapter Three.  

6.2.1.2 Different study populations 

A further possible reason that could help explain the difference in results between the study 

presented in Chapter Three and previous exercise and education prevention trials is 

recruitment from different populations. While the trial presented in Chapter Three recruited a 

broader population sample, previous trials have targeted a more specific population group.  

The study presented in Chapter Three recruited an adult population presenting about half male 

and half female with a mean age of 42.3 (SD 12.7) years from Sydney in Australia. On the other 

hand, Larsen et al4 recruited a specific group of young male military conscripts, with a mean age 
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of 21 (SD 1.5) years. One possible reason why the intervention may have been more effective in 

a military population is better compliance with the exercises compared to the compliance in 

the study population in Chapter Three. Although Larsen and colleagues4 did not provide specific 

data on compliance with the experimental intervention, the authors reported that this military 

setting produced greater compliance within the first 3 months where the experimental 

intervention was supervised by the responsible sergeants and officers. Recruitment from 

homogeneous populations that potentially optimise the likelihood of a favourable trial 

outcome, may however limit the ability to generalise the findings to a broader population as 

demonstrated in Chapter Three. 

Another study population characteristic that could explain the different results between the 

trial in Chapter Three and previous trials is the restricting of recruitment to people who had 

previously experienced at least one episode of low back pain. Previous studies report that a 

history of previous episodes of low back pain is the only significant predictor of recurrence of 

low back pain.5 6 In 2008, Stanton and colleagues estimated the 1-year incidence of recurrence 

of low back pain in subjects recently recovered from acute non-specific low back pain; and 

determined factors that could predict low back pain recurrence within 1 year.6 The authors 

concluded that a previous episode of low back pain increased the odds of a recurrence within 

the next 12 months by 1.8 to 2.0 times. Similarly, a recent systematic review by da Silva et al7 

concluded that previous episodes of low back pain is the only consistent predictor of a 

recurrence of low back pain. In many previous studies investigating exercise and education for 

prevention of low back pain, it is not clear whether participants had experienced a previous 

episode of low back pain or not, so these studies could have included a mixed population of 

people who had never experienced an episode of low back pain and people with a history of 

previous episodes of low back pain. It is possible that the effectiveness of exercise and 

education is different in people who have and have not experienced previous episodes of low 

back pain. However, some previous studies3 8 that limited inclusion to people who had 

experienced at least one previous episode of low back pain, similar to Chapter Three, did find 

positive effects of exercise and education interventions.  

While the study in Chapter Three enrolled an inception cohort of people who have recovered 

from a recent episode of low back pain within the past six months, no previous trial restricted 

inclusion to participants recently recovered from an episode of low back pain. This may also 
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contribute to the different findings with the risk of recurrence highest soon after recovering 

from an episode.9 

6.2.2 Despite not reducing low back pain recurrence rates, the McKenzie-based approach 

for prevention of low back pain may reduce care seeking 

Spinal pain symptoms are commonly reported in the general population globally and often 

result in health care utilisation.9-11 A 2016 Norwegian study investigating the determinants of 

healthcare contact over a one-year period in a general population reported over 40% of people 

with either low back pain or neck pain sought health care at least once throughout the one-

year follow-up. Similarly, a prospective inception cohort study published in 2019 reported that 

in the 12-month period after people recover from an episode of low back pain, about 40% will 

seek care for a recurrence of low back pain.9 It is therefore important to investigate if programs 

to prevent spinal pain can also assist people in the self-management of recurrences and reduce 

the need to seek care.  

The study presented in Chapter Three reported that, despite not providing a substantial 

reduction in recurrence of low back pain, the experimental intervention in this trial may 

produce a substantial reduction in healthcare use. However, the confidence intervals include no 

effect so caution is required. While this finding may initially seem somewhat surprising, the 

experimental intervention did specifically aim to provide participants with skills that support 

them to become more active and responsible in the management of their condition. 

Participants were instructed to remain active and to use the exercises taught to manage minor 

recurrent symptoms. Previous low back pain prevention trials and neck pain prevention trials 

(Chapter Five) have not explicitly aimed to empower people with skills to self-manage 

recurrences or collected data on whether the intervention reduced care seeking. This finding 

suggests clinicians should incorporate strategies and advice for patients on self-management of 

future recurrences of spinal pain if they do occur when providing prevention programs.  

6.2.3 Exercise and education programs can reduce future low back pain intensity and 

associated disability 

Previous studies investigating prevention of spinal pain, including the work presented in 

Chapter Three and Chapter Five, typically focus on the prevention of an episode of spinal pain 

and therefore include people without current spinal pain symptoms at study entry. A focus on 
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prevention of a new episode works well in conditions where the onset and end of the episode 

are clear; however, it has some limitations for chronic fluctuating conditions such as spinal pain. 

Given many people present with mild ongoing or fluctuating spinal pain patterns, it can be 

argued that it is also important to investigate prevention of the future consequences due to 

spinal pain. Some previous studies12 13 have evaluated the effect of prevention interventions 

aiming to reduce future low back pain intensity and/or associated disability, and have included 

a mixed population at baseline (i.e. asymptomatic and symptomatic participants). These studies 

provide important information on prevention of spinal pain; however, due to population 

inclusion criteria in previous prevention reviews,1 2 studies such as these were not included. To 

date, there is no systematic review of the literature investigating the evidence for prevention 

strategies to reduce future low back pain intensity and associated disability.  

The systematic review presented in Chapter Four provides new data on the evidence for 

prevention strategies aiming to reduce future low back pain intensity and associated disability. 

The review included only published reports of randomised controlled trials. To differentiate 

prevention trials from treatment trials we excluded trials that restricted recruitment to only 

participants with current low back pain. The key findings from this review suggest that exercise 

programs are likely to reduce future low back pain intensity in the short-term and exercise 

programs when combined with education can potentially reduce future low back pain-related 

disability in the long-term. 

Despite the systematic review in Chapter Four suggesting prevention strategies including 

exercise can reduce future low back pain intensity and related disability, there are some 

important considerations. Some of the trials included in the meta-analyses in Chapter Four 

include somewhat different experimental interventions. For example, three trials14-16 (four 

intervention contrasts) were included in the meta-analyses for the intervention contrast 

exercise versus control. The 2014 trial by Barene and colleagues15 evaluated a generalised 

exercise program involving activities such as soccer and zumba dancing while the other two 

trials14 16 focused more on exercises targeting the back muscles. The study in Chapter Four did 

not directly compare the effectiveness of different exercise approaches, so it remains unclear 

which exercise approaches are most effective. In addition, the causal mechanisms (e.g. 

improved muscular strength, co-ordination, or increase aerobic capacity), that are most 
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important in helping people to prevent future consequences of back pain, cannot be 

determined from the available literature. 

The studies included in the review in Chapter Four may be more representative of the broader 

population than prevention studies that only include people who currently do not have LBP; 

however, some caution is required when interpreting the results in these heterogenous 

populations. Some included studies likely include people who have never experienced spinal 

pain, people with previous spinal pain and others with ongoing spinal pain. The preventative 

effect of the interventions on future pain and disability may vary across these populations, but 

this cannot be determined from the included studies, or the analyses conducted in Chapter 

Four. 

Despite the review in Chapter Four taking a different approach to prevention of spinal pain, an 

interesting finding was that exercise and education appears to be effective, which is similar to 

the two recent reviews1 2 focusing on prevention of an episode of low back pain and the review 

in Chapter Five, investigating prevention of neck pain. These findings suggest clinicians can 

consider using exercise and education approaches for preventing both future episodes and the 

future impacts of spinal pain. The findings also suggest these exercise approaches may be 

effective in people with and without current or previous spinal pain; however, further 

investigation of this is needed as discussed previously. 

6.2.4 The current evidence suggests that exercise programs may also reduce the risk of neck 

pain  

To further enhance understanding of the prevention of spinal pain, Chapter Five presents a 

systematic review on the prevention of neck pain. No previous systematic review has 

investigated only randomised controlled trials and included trials recruiting only people 

asymptomatic at study entry. Thus, Chapter Five investigated the evidence for interventions 

aiming to reduce the risk of a new episode of neck pain. It appears that exercise programs are 

likely to prevent neck pain episodes. This is an interesting finding as what seems to reduce 

future low back pain intensity (Chapter Four) is also what helps to prevent neck pain episodes 

(Chapter Five). Only two trials were pooled in the meta-analysis for the exercise intervention 

contrast.17 18 Similarly to the findings in Chapter Four, the included trials in the study in Chapter 

Five investigated different approaches to the exercise. For example, Sihawong and colleagues17 
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investigated an exercise program involving stretching and endurance exercises restricted to the 

muscles within the neck region, while the trial by Tveito and colleagues18 evaluated an 

integrated health program comprising a generalised whole-body exercise program. 

Consequently, the most effective exercise program to reduce future neck pain episodes 

remains unclear. Therefore, clinicians should consider patient preference and their clinical 

judgement of the individual requirements when selecting an exercise program to help an 

individual in preventing neck pain. 

6.2.5 Defining prevention of spinal pain is complex  

Typically, prevention strategies are defined in three different levels: primary prevention, 

secondary prevention, and tertiary prevention.19 However, given the current understanding 

that spinal pain is a lifelong complex condition commonly presenting with recurrent episodes, 

or mild ongoing pain with intermittent flare-ups, defining the stages of spinal pain prevention is 

complex.20-22  

The studies presented in Chapter Three and Chapter Five would commonly be considered 

secondary prevention studies. They included people at baseline who had little or no current 

spinal pain, and in some cases had experienced previous episodes of pain. The study presented 

in Chapter Four was purposely conducted to include a wider range of studies including those 

that enrolled a mixed population with and without current pain symptoms, which are more 

representative of the general population. This review (Chapter Four) investigated the 

effectiveness of prevention strategies on the future consequences of low back pain using the 

outcomes of pain intensity and disability, as opposed to the dichotomous outcome of a new 

episode of low back pain used in Chapter Three, as it cannot be used in those who currently 

experience back pain. The studies in this thesis collectively provide an insight into the 

complexity of defining prevention of spinal pain, particularly in terms of the relevant 

populations and outcomes. 

Owing to the complexity of the definition of spinal pain prevention, rather than defining spinal 

pain prevention studies using traditional terms of primary, secondary and tertiary prevention, it 

may be more appropriate and useful, when designing future prevention studies, to clearly 

define the population and the outcomes of interest. For example, a workplace study targeting 

all employees and aiming to prevent spinal pain from impacting employees’ workability in the 
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future, could include, primary prevention (those who have never experienced spinal pain 

symptoms), secondary prevention (those who have had previous episodes but are currently 

asymptomatic) and tertiary prevention (those with ongoing low levels of pain) but who are 

currently working. Importantly, this hypothetical study would likely not be included in many 

systematic reviews such as that by Steffens et al1 or that in Chapter Five of the thesis, despite 

providing important information on prevention strategies for future consequences of this 

condition. Therefore, clinicians must search for evidence on prevention approaches that best 

matches the population and outcomes of interest to them and their patients, and not presume 

that all prevention is the same. That said, the available evidence, including that provided in 

Chapter Four and Chapter Five of this thesis, suggests that exercise alone and/or exercise 

combined with education may be effective for the prevention in different populations and for 

different outcomes. 

Given the often fluctuating nature of spinal pain, the distinction between prevention and 

treatment is not as clear as it might be for many other conditions. In people with ongoing mild 

pain that does not substantially impact on their activities of daily living, a focus on prevention 

of flare-ups may be optimal. This thesis did not provide any evidence on interventions aiming to 

specifically prevent flare-ups of mild pain as these studies would have been excluded from both 

the reviews in Chapter Four and Chapter Five. 

6.3 Research implications and future directions 

The work in this thesis has implications for future research and helps identify priorities for 

future studies investigating the prevention of spinal pain. The first research implication is that 

while the majority of existing literature suggests exercise interventions can help reduce spinal 

pain, some approaches such as that tested in Chapter Three are not effective and the best 

exercise approach and dosage are unclear. Future trials investigating head-to-head 

comparisons of different exercise interventions to prevent spinal pain are required to clarify 

which exercise approaches are most effective and for which individuals. Investigation of 

mediators within these trials may also improve understanding of the causal mechanisms 

involved in effective spinal pain prevention programs. This body of work would enable clinical 

practice guidelines to provide stronger and more informed recommendations on the 

prevention of spinal pain. Currently, most guidelines do not provide recommendations 

regarding the prevention of spinal pain.  
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The second research implication from this thesis is that the included populations vary greatly 

across the existing prevention studies and may contribute to the variability in results. The 

generalisability of some previous studies, such as the Larsen et al4 study in army recruits, is 

limited due to the specific population and setting. Thus, future high-quality trials investigating 

prevention strategies for spinal pain should ideally recruit a broad population, such as those 

included in the study in Chapter Three, to enhance the generalisability of the findings.  

The third research implication is the need for more work to better define what is meant by 

prevention of spinal pain and determine what types of prevention studies are most important. 

As discussed in this thesis, prevention can include participants who have never experienced 

spinal pain, those who have had previous episodes (either recently or a long time in the past), 

and those with current low levels of pain. The focus of prevention studies can be on preventing 

future episodes of spinal pain, preventing flare-ups in those with current mild pain, or 

preventing future pain and disability. It is unclear if prevention interventions are equally 

effective for these different populations and outcomes. Future studies that include mixed 

populations such as those with and without a previous history of spinal pain, or those with and 

without current mild pain, could investigate whether these factors are moderators for the 

effectiveness of interventions aiming to prevent spinal pain. 

The fourth research implication is that, despite the promising results in Chapter Three in terms 

of preventing future healthcare, the trial was not adequately powered to answer this question. 

This outcome is important and future prevention studies should investigate whether the 

prevention program can reduce healthcare seeking related to spinal pain. In addition, 

qualitative studies would help understand what aspects of the prevention program are most 

important in helping reassure patients to self-manage minor recurrences of low back pain 

without seeking healthcare. Furthermore, there is a lack of high-quality studies investigating 

the impact of prevention strategies for spinal pain on other important outcomes such as quality 

of life, workability, and days lost from work.  

6.4 Conclusions 

In summary, the body of research presented in this thesis includes important findings from 

randomised controlled trials and systematic reviews investigating prevention strategies to 
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reduce the burden of spinal pain. The findings from the studies presented in Chapter Four and 

Chapter Five demonstrate that prevention strategies investigating exercise alone and exercise 

combined with education may reduce future low back pain intensity and associated disability 

(Chapter Four), and reduce the risk of an episode of pain in the neck (Chapter Five). The 

findings from these studies are similar to the results of two recently reported systematic 

reviews.1 2 However, the study reported in Chapter Three, which investigated an exercise and 

education program based on the McKenzie method did not provide a substantial benefit for 

prevention of a new episode of low back pain. Therefore, future research is important to 

understand whether the different finding is because the experimental intervention presented 

in Chapter Three is different in terms of, the mode and dosage of the exercise or the different 

population characteristics. Thus, future research is necessary to address these uncertainties. 
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Ethics Committee approval letter to info@actr.org.au or by fax to (+61 2) 9565 1863, 
attention to ANZCTR.

Note that updates should be made to the registration record as soon as any trial 
information changes or new information becomes available. Updates can be made at 
any time and the quality and accuracy of the information provided is the responsibility 
of the trial's primary sponsor or their representative (the registrant). For instructions on 
how to update please see http://www.anzctr.org.au/Support/HowToUpdate.aspx.

Please also note that the original data lodged at the time of trial registration and the tracked 
history of any changes made as updates will remain publicly available on the ANZCTR 
website.

The ANZCTR is recognised as an ICMJE acceptable registry (http://www.icmje.org/faq.pdf) 
and a Primary Registry in the WHO registry network 
(http://www.who.int/ictrp/network/primary/en/index.html).

If you have any enquiries please send a message to info@actr.org.au or telephone +61 2 9562 
5333.

Kind regards,
ANZCTR Staff

166

Appendix 4: Trial registration (Chapter Three)

mailto:info@actr.org.au
http://www.ANZCTR.org.au/ACTRN12616000926437.aspx
mailto:info@actr.org.au
http://www.anzctr.org.au/Support/HowToUpdate.aspx
http://www.icmje.org/faq.pdf
http://www.who.int/ictrp/network/primary/en/index.html
mailto:info@actr.org.au
mailto:info@actr.org.au
http://www.ANZCTR.org.au


Scanned by MailMarshal - M86 Security's comprehensive email content security solution. 

_______________________________________
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Participant Information and Consent Form 
Page 1 of 2 [Version 1] [01/03/2016] 

Department of Health Professions 
Faculty of Medicine and Health Sciences 
MACQUARIE UNIVERSITY   NSW   2109 

Phone: +61 (02)9850 6622 
Fax:  +61 (02) 98506630 
Email: mark.hancock@ mq.edu.au 

Chief Investigator’s / Supervisor’s Name & Title: A/Professor Mark Hancock 

Participant Information and Consent Form 

Name of Project: SAFE: Secondary Prevention of a Recurrence of Low Back Pain 

You are invited to participate in a research study comparing the effectiveness of two 
different approaches which aim to prevent recurrences of low back pain in people who 
have recently recovered from an episode of low back pain. One approach involves receiving 
advice from a physiotherapist over the phone and also a booklet to read.  The other 
approach involves meeting with a physiotherapist in person on two occasions to be shown 
some exercises and given advice. The purpose of this study is to investigate which of the 
two approaches is better at preventing or delaying future recurrences of low back pain. 

The study is being conducted by Mr Tarcisio Folly de Campos (ph: (02) 9850 6617, email: 
tarcisio.decampos@mq.edu.au), a student in the Department of Health Professions to 
meet the requirements of a PhD under the supervision of Associate Professor Mark 
Hancock (ph: (02) 98506622, email: mark.hancock@mq.edu.au) of the Department of 
Health Professions. 

If you decide to participate, you will be asked to complete a baseline questionnaire over the 
phone. This will take approximately 10 minutes to complete and asks about demographic 
characteristics, general health, work status, history of back pain, physical activity levels, 
and psychological factors. You will then be randomly allocated (like the flip of a coin) to 
one of the two prevention approaches (advice over the phone and a booklet, or 2 face to 
face sessions). You will have a 50% chance of being allocated to either approach. You will 
not be able to choose the treatment group you are allocated to. The study is conducted this 
way to ensure that the information obtained is reliable. 

Participants allocated to the phone advice and booklet group will receive education from a 
physiotherapist over the phone on strategies to avoid future back pain. This will last 
approximately 15 minutes depending on how many questions participants have.  
Participants in this group will also be posted a booklet on managing back pain and can 
contact the physiotherapist on one additional occasion if they have any further questions. 
Participants allocated to the two face to face sessions with a physiotherapist will be 
required to attend a physiotherapist clinic in the community for 2 sessions of 30-40 
minutes approximately 2 weeks apart. The physiotherapist will ask some questions about 
daily activities and previous back pain, do a simple examination (e.g. look at our flexibility, 
strength and posture) and then provide a home program and advice which aim to prevent 
future back pain. 

All participants will then be contacted each month by email or text message (based on your 
preference) and asked if they have had a recurrence of low back pain. Responding to this 
should take only 1 minute. The monthly follow-ups will continue either until you have a 
recurrence of back pain, or for between 12 months and 30 months depending on when you 
entered the study (the first participant enrolling in the study will be followed for up to 30 
months while the last participant will be followed for 12 months). If you do not respond to 
monthly email or text messages within 48 hours, you will be contacted by phone. If you do 
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Participant Information and Consent Form 
Page 2 of 2 

[Version 1] [01/03/2016] 

report a recurrence a researcher will then, contact you to obtain a description of this new 
episode of low back pain. This will take less than 5 minutes. At 3, 6, 9 and 12 months after 
entering the study you will be asked to complete a short questionnaire about any impact 
back pain has had on your life over the previous 3 months. This can either be done as an 
online survey or over the phone depending on your preference and will take approximately 
5 minutes to complete.  

The known risks of this study are minimal. The intervention in both groups may encourage 
moderate physical activity, gentle stretches and changes to posture. Before enrolling you in 
the study the physiotherapist will ask you some questions to make sure you are 
appropriate for the study. While the existing knowledge suggests these interventions are 
positive for general health, and may reduce the risk of future back pain, it is possible that 
some participants may experience some temporary soreness or a recurrence of low back 
pain. You will not be paid to participate in the study; however, the interventions from the 
physiotherapist will be free to you.  

Any information or personal details gathered in the course of the study are confidential, 
except as required by law.  No individual will be identified in any publication of the results.  
The data collected in this study may be made available to other researchers, in a de-
identified form, for future Human Research Ethics Committee approved research projects.
A summary of the results of the data can be made available to you on request. If you would 
like to be provided with this summary, please email Mr Tarcisio Folly de Campos (email: 
tarcisio.decampos@mq.edu.au). 

Participation in this study is entirely voluntary: you are not obliged to participate and if 
you decide to participate, you are free to withdraw at any time without having to give a 
reason and without consequence. 

I, ____________________________ have read or had read to me, and understand 
the information above and any questions I have asked have been answered to my 
satisfaction.  I agree to participate in this research, knowing that I can withdraw from 
further participation in the research at any time without consequence.  I have been given a 
copy of this form to keep. 

Participant’s Name: 
(Block letters) 

Participant’s Signature: ______________________ Date: 

Investigator’s Name: 
(Block letters) 

Investigator’s Signature: __________________  __ Date: 

The ethical aspects of this study have been approved by the Macquarie University Human 
Research Ethics Committee.  If you have any complaints or reservations about any ethical 
aspect of your participation in this research, you may contact the Committee through the 
Director, Research Ethics & Integrity (telephone (02) 9850 7854; email 
ethics@mq.edu.au).  Any complaint you make will be treated in confidence and 
investigated, and you will be informed of the outcome. 

(PARTICIPANT'S COPY) 
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PROSPERO
International prospective register of systematic reviews

 The effectiveness of interventions for prevention of low back pain and associated disability:
a systematic review and meta-analysis protocol.

Tarcisio Folly de Campos, Mark Hancock, Chris Maher, Daniel Steffens, Joel Fuller

Citation
Tarcisio Folly de Campos, Mark Hancock, Chris Maher, Daniel Steffens, Joel Fuller. The
effectiveness of interventions for prevention of low back pain and associated disability: a
systematic review and meta-analysis protocol.. PROSPERO 2018 CRD42018107946 Available
from: http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018107946

Review question
What is the effectiveness of interventions for prevention of low back pain and associated disability?

Searches
Electronic searches of MEDLINE via Ovid, EMBASE via Ovid, CINAHL, Physiotherapy Evidence Database
(www.pedro.org.au), and The Cochrane Central Register of Controlled Trials (CENTRAL) via The Cochrane
Library will be performed to identify potential studies.
A sensitive search strategy will be based on the recommendations of the Cochrane Back and Neck Group[1]
for “randomised controlled trials” and “low back pain”, combined with search terms for “prevention”[2]. 
The reference lists of relevant systematic reviews and randomised, controlled trials will be screened for
additional studies and we will also use citation tracking of all included trials.
One reviewer (TFC) will screen all titles and exclude only clearly irrelevant studies. The titles and abstracts of
the remaining studies will be reviewed by two independent reviewers (TFC and DS or JTF). For each
potentially eligible study, reviewers will obtain the full-text article which will be assessed against the inclusion
and exclusion criteria by two independent reviewers (TFC and DS or JTF). In cases of disagreement, a third
reviewer will be consulted if consensus cannot be reached (CGM or MJH).
Non-English language studies will be included if an appropriate translation can be obtained. Otherwise such
studies will be noted but excluded from analysis. This review will have no restrictions on publication date.
[1]. Furlan DA, et al. Spine. 2015;40(21):1660-1673.
[2]. Burton AK, et al. European Spine Journal. 2006;15(2):s136-s168.

Types of study to be included
Only randomised, controlled trials will be included. Studies that used a quasi-randomised design will be
excluded.

Condition or domain being studied
Prevention of low back pain.

Participants/population
Studies recruiting people of any age and from community or occupational settings. Studies must not present
an inclusion criterion of participants with current low back pain because this review is not including primary
treatment studies.

Intervention(s), exposure(s)
Studies investigating any intervention aiming to prevent/reduce the impact of low back pain and/or low back
pain related-disability (e.g. workplace interventions to control risk factors for low back pain, interventions to
make the person more fit/healthy/resilient, education on a healthy lifestyle to reduce risk of low back pain)
will be included. We will also include intervention groups that are composed of one or more interventions
combined (e.g. exercise and education).
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Comparator(s)/control
The experimental group had to be compared to a group that received no intervention, sham intervention or
minimal intervention.

Context
Studies looking at low back pain prevention strategies aiming to reduce the impact of low back pain in the
community or occupational setting. Studies recruiting from populations presenting for treatment (care
seeking) due to an episode of low back pain will be excluded.

Primary outcome(s)
To be included, studies need to report an outcome measure of low back pain intensity and/or low back pain
related-disability measured at least 3 months post randomisation. 
Primary outcome(s)
- Pain intensity measured by a self-reported outcome measure (e.g. visual analogue scale or numerical
rating scale).
- Disability measured by a self-reported outcome measure (e.g. Oswestry Disability Index, Roland-Morris
Disability Questionnaire).

Secondary outcome(s)
Secondary outcome(s)
Other patient centered outcomes relevant to back pain such as quality of life.

Data extraction (selection and coding)
Relevant data will be independently extracted by two reviewers (TFC and DS or JTF) using a standardised
form, which will be piloted before use. In case of disagreement, a third reviewer will be consulted. The data
extraction form will collate the following information: population characteristics; trial characteristics,
description of interventions; the comparison characteristics; and point estimates and measures of variability
for outcomes. Authors will be contacted for additional information if needed.

Risk of bias (quality) assessment
Risk of bias will be assessed using the Physiotherapy Evidence Database Scale[3], [4] by downloading the
available scores from the PEDro database (http://www.pedro.org.au). If scores are not available online, two
independent reviewers will assess the methodological quality of the trials (TFC and DS or JTF). A third
independent reviewer will resolve any disagreement (CGM or MJH). Methodological quality is not an
inclusion criterion.
The overall quality of evidence will be assessed for each outcome using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system.[5],[6] The GRADE classification will be
downgraded one level per study flaw, from high quality, if any of the following flaws are present: (i) Design
limitation (>25% of participants from studies with low methodological quality – PEDro score <7); (ii)
Inconsistency of results (wide variation of point estimates across individual trials); (iii) Imprecision (this
limitation will be considered present whenever a pooled outcome is based on <400 total participants).
[3]. Macedo LG, et al. J Clin Epidemiol. 2010;63(8):920-925.
[4]. Maher CG, et al. Phys Ther. 2003;83(8):713-721.
[5]. Atkins D, et al. BMJ. 2004;328(7454):1490.
[6]. Guyatt GH, et al. BMJ. 2008;336(7650):924-926

Strategy for data synthesis
If studies are considered sufficiently homogeneous, according to their population, prevention strategy,
outcome measure and follow-up time point, results will be pooled in a random-effects meta-analysis. To
accommodate the different scales used for outcome measures, we will convert outcomes to a common 0 to
100 scale. The I² statistics will be used to assess what proportion of the observed variance reflects
differences in the true effect sizes rather than sampling error.

Analysis of subgroups or subsets
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Subgroup analyses will separate studies for analysis according to shared characteristics and outcomes to
determine if this explains differences in effect estimates between studies. If data permit, we will analyse
studies separately based on the following: 
(i) Characteristics of population (e.g. pregnant or adolescent cohorts);
(ii) Characteristics of prevention strategies (e.g. exercise or ergonomic interventions);
(iii) Follow-up period (e.g. short- and long-term follow-ups).

Contact details for further information
Tarcisio Folly de Campos
tarcisio.de-campos@students.mq.edu.au

Organisational affiliation of the review
Department of Health Professions, Faculty of Medicine and Health Sciences, Macquarie University, Sydney,
Australia.
https://www.mq.edu.au/

Review team members and their organisational affiliations
Mrs Tarcisio Folly de Campos. Department of Health Professions, Faculty of Medicine and Health Sciences,
Macquarie University, Sydney, Australia.
Assistant/Associate Professor Mark Hancock. Macquarie University
Professor Chris Maher. The University of Sydney
Dr Daniel Steffens. Surgical Outcomes Research Centre (SOuRCe)
Dr Joel Fuller. Macquarie University

Anticipated or actual start date
01 September 2018

Anticipated completion date
01 June 2019

Funding sources/sponsors
None

Conflicts of interest
None known

Language
English

Country
Australia

Stage of review
Review_Ongoing

Subject index terms status
Subject indexing assigned by CRD

Subject index terms
Disabled Persons; Humans; Low Back Pain; Pain Measurement

Date of registration in PROSPERO
10 September 2018

Date of publication of this version
10 September 2018
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Details of any existing review of the same topic by the same authors

Stage of review at time of this submission
The review has not started

Stage Started Completed

Preliminary searches No No

Piloting of the study selection process No No

Formal screening of search results against eligibility criteria No No

Data extraction No No

Risk of bias (quality) assessment No No

Data analysis No No

Versions
10 September 2018

PROSPERO
This information has been provided by the named contact for this review. CRD has accepted this information in good

faith and registered the review in PROSPERO. CRD bears no responsibility or liability for the content of this registration
record, any associated files or external websites. 
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Prevention of neck pain: a systematic review of randomised controlled trials
Tarcisio F. de Campos, Chris G. Maher, Daniel Steffens, Joel Fuller, Mark J. Hancock

 Citation
Tarcisio F. de Campos, Chris G. Maher, Daniel Steffens, Joel Fuller, Mark J. Hancock. Prevention of neck pain: a
systematic review of randomised controlled trials. PROSPERO 2017:CRD42017055174 Available from  
http://www.crd.york.ac.uk/PROSPERO_REBRANDING/display_record.asp?ID=CRD42017055174  

Review question(s)
What is the effectiveness of interventions for prevention of neck pain?

Searches
Electronic searches of MEDLINE via Ovid, EMBASE via Ovid, CINAHL, Physiotherapy Evidence Database
(PEDro) (www.pedro.org.au), and The Cochrane Central Register of Controlled Trials (CENTRAL) via The
Cochrane Library will be performed to identify potential studies.

A sensitive search strategy will be used based on the recommendations of the Cochrane Back and Neck Group [1] for
“randomised controlled trials” and “neck pain”, as well as with search terms for “prevention”. 

The reference lists of relevant reviews and randomized trials will be screened for additional studies and we will also
use citation tracking of all included trials.

One reviewer (TFC) will screen all titles and exclude clearly irrelevant studies. The abstracts of the remaining studies
will be reviewed by two independent reviewers (TFC and DS or JF). For each potentially eligible study, reviewers
will obtain the full-text article which will be assessed against the inclusion and exclusion criteria by two independent
reviewers (TFC and DS or JF). In cases of disagreement, a third reviewer will be consulted if consensus cannot be
reached (MJH or CGM). 

Non-English language studies will be included if an appropriate translation can be obtained. Otherwise such studies
will be noted but excluded from analysis. This review will have no restrictions on publication date.

Reference:

[1]. Furlan DA, Malmivaara GA, Chou AR, et al. 2015 Updated Method Guideline for Systematic Reviews in the
Cochrane Back and Neck Group. An Internationl journal for the study of the spine. 2015;40(21):1660-1673.

Types of study to be included
Only randomised controlled trials (RCTs) will be included. Studies that used a quasi-randomised design will be
excluded. Trials comparing two prevention strategies will be also excluded.

Condition or domain being studied
Effectiveness of prevention strategies for neck pain.

Participants/ population
To be included, studies need to include participants without current neck pain at study entry or at least one outcome
was not present at baseline (e.g. some participants had mild neck pain, but all were working and the study outcome
was an episode of work absence due to neck pain.

Intervention(s), exposure(s)
Studies using any intervention aimed to prevent future episode of neck pain will be included. We will also include
intervention groups that are composed of one or more interventions combined (e.g. exercise and education).
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Comparator(s)/ control
The intervention group must be compared to no intervention/placebo or minimal intervention. Studies investigating
the additional benefit of a treatment (e.g. exercise + education versus exercise alone) will be also included.

Context
No restriction will be placed on the setting or context of the included studies.

Outcome(s)
Primary outcomes
The primary outcome is a new episode of neck pain.

Secondary outcomes
The secondary outcomes include a new episode of neck pain leading to care seeking, activity-limitation or work loss.
Measures of pain or disability over the follow-up period will also be secondary outcomes.

Data extraction, (selection and coding)
Relevant data will be independently extracted by two reviewers (TFC and DS or JF) using a standardised form, which
will be piloted before use. In cases of disagreement, a third reviewer (MJH or CGM) will be consulted and a decision
will be made by consensus. The extraction form will include the following criteria: participant characteristics, trial
characteristics, description of interventions and point estimates and measures of variability for outcomes. Authors will
be contacted for additional information if needed.

Risk of bias (quality) assessment
Risk of bias will be assessed using the Physiotherapy Evidence Database Scale (PEDro) [2, 3] by either downloading
the available scores from the PEDro database (http://www.pedro.org.au) or rating the trial ourselves. If scores are not
available two independent reviewers (TFC and DS or JF) will assess the quality of the trials. A third independent
reviewer (MJH or CGM) will resolve any disagreement. Methodological quality is not an inclusion criterion.

The overall quality of evidence will be assessed for each outcome using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system [4]. The GRADE classification will be downgraded one
level per study flaw, from high quality, if any of the following flaws are present: (i) Design limitation (>25% of
participants from studies with low methodological quality – PEDro score <7); (ii) Inconsistency of results (wide
variation of point estimates across individual trials); (iii) Imprecision (this will be based on a threshold of <400
participants for each pooled outcome, and also observation of the 95% confidence intervals in cases of dichotomous
outcomes).

The quality of evidence will be defined as: (i) High quality - further research is unlikely to change our confidence in
the estimate of effect. There are no known or suspected reporting biases; all domains fulfilled; (ii) Moderate quality -
Further research is likely to have an important impact on our confidence in the estimate of effect and might change
the estimate; one of the domains not fulfilled; (iii) Low quality - Further research is likely to have an important
impact on our confidence in the estimate of effect and is likely to change the estimate; two of the domains not
fulfilled; Very low quality - We are uncertain about the estimate; three of the domains not fulfilled.[5]

References:

[2]. Macedo LG, Elkins MR, Maher CG, Moseley AM, Herbert RD, Sherrington C. There was evidence of
convergent and construct validity of Physiotherapy Evidence Database quality scale for physiotherapy trials. Journal
of Clinical Epidemiology. 2010;63(8):920-925.

[3]. Maher CG, Sheerington C, Herbert RD, Moseley AM, Elkins M. Reliability of the PEDro scale for rating quality
of randomized controlled trials. (Research Report).(Physiotherapy Evidence Database). Physical Therapy.
2003;83(8):713.

[4]. Atkins D, Best D, Briss PA, et al. Grading quality of evidence and strength of recommendations. BMJ (Clinical
research ed.). 2004;328(7454):1490.
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[5]. Tulder M, Koes B, Malmivaara A. Outcome of non-invasive treatment modalities on back pain: an evidence-
based review. European Spine Journal. 2006;15(1):S64-S81.

Strategy for data synthesis
If studies are considered sufficiently homogenous, results will be pooled. The I-squared statistics will be used to
assess the heterogeneity between-trials, and random effects model will be used among trials. A meta-analysis will be
conducted where studies are considered homogeneous with regards to the prevention strategy, outcome measure, and
follow-up time point.

Analysis of subgroups or subsets
We will analyse studies separately based on the following: (i) Primary or secondary prevention; (ii) Types of
prevention strategies. Trials that included a mixed sample (i.e. people with or without previous neck pain episodes)
will be considered primary prevention if =50% of the sample has no previous neck pain history. Trials reporting
<50% of the sample without previous neck pain episodes will be considered as secondary prevention.

Dissemination plans
The results of this review will be submitted to a peer-reviewed journal for publication as well as presented at national
and international conferences.

Contact details for further information
Mr de Campos

Ground Floor, 75 Talavera road - Macquarie University - NSW - 2109

tarcisio.de-campos@students.mq.edu.au

Organisational affiliation of the review
Department of Health Professions, Faculty of Medicine and Health Sciences, Macquarie University, Sydney,
Australia.

https://www.mq.edu.au/

Review team
Mr Tarcisio F. de Campos, Department of Health Professions, Faculty of Medicine and Health Sciences, Macquarie
University, Sydney, Australia.
Professor Chris G. Maher, The George Institute for Global Health and The University of Sydney, Sydney, Australia.
Dr Daniel Steffens, The George Institute for Global Health and The University of Sydney, Sydney, Australia;
Surgical Outcomes Research Centre (SOuRCe), Royal Prince Alfred Hospital, Sydney, Australia.
Dr Joel Fuller, Department of Health Professions, Faculty of Medicine and Health Sciences, Macquarie University,
Sydney, Australia.
Dr Mark J. Hancock, Department of Health Professions, Faculty of Medicine and Health Sciences, Macquarie
University, Sydney, Australia.

Anticipated or actual start date
15 January 2017

Anticipated completion date
31 December 2017

Funding sources/sponsors
None

Conflicts of interest
None known
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Other registration details
Department of Health Professions, Faculty of Medicine and Health Sciences, Macquarie University.

Language
English

Country
Australia

Subject index terms status
Subject indexing assigned by CRD

Subject index terms
Humans; Neck Pain

Stage of review
Ongoing

Date of registration in PROSPERO
25 January 2017

Date of publication of this revision
25 January 2017

Stage of review at time of this submission Started Completed
Preliminary searches Yes   No 
Piloting of the study selection process   No   No 
Formal screening of search results against eligibility criteria   No   No 
Data extraction   No   No 
Risk of bias (quality) assessment   No   No 
Data analysis   No   No 

PROSPERO
International prospective register of systematic reviews

The information in this record has been provided by the named contact for this review. CRD has accepted this information in good
faith and registered the review in PROSPERO. CRD bears no responsibility or liability for the content of this registration record,

any associated files or external websites.
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