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ABSTRACT
Introduction: Low back pain (LBP) is the health
condition that carries the greatest disability burden
worldwide; however, there is only modest support for
interventions to prevent LBP. The aim of this trial is to
establish the effectiveness and cost-effectiveness of
group-based exercise and educational classes
compared with a minimal intervention control in
preventing recurrence of LBP in people who have
recently recovered from an episode of LBP.
Methods and analysis: TOPS will be a pragmatic
comparative effectiveness randomised clinical trial with
a parallel economic evaluation combining three
separate cohorts (TOPS Workers, TOPS Primary Care,
TOPS Defence) with the same methodology. 1482
participants who have recently recovered from LBP will
be randomised to either a comprehensive exercise and
education programme or a minimal intervention
control. Participants will be followed up for a minimum
of 1 year. The primary outcome will be days till
recurrence of LBP. Effectiveness will be assessed using
survival analysis. Cost-effectiveness will be assessed
from the societal perspective.
Ethics and dissemination: This trial has been
approved by the University of Sydney Human Research
Ethics Committee (HREC) (ref: 2015/728) and
prospectively registered with the Australian and New
Zealand Clinical Trials Registry (ref: 12615000939594).
We will also obtain ethics approval from the Australian
Defence Force HREC. The results of this study will be
submitted for publication in a prominent journal and
widely publicised in the general media.
Trial registration number: Australian and New
Zealand Clinical Trial Registry (ANZCTR)
12615000939594.

INTRODUCTION
When disease is measured in terms of years
lived with disability,1 low back pain (LBP) is
the health condition that carries the greatest
burden worldwide. With a point prevalence

Strengths and limitations of this study
▪ This will be a large, high-quality randomised
controlled trial investigating exercise and education for the prevention of low back pain.
▪ We will monitor compliance with the intervention, adverse events, and be the first to include a
cost-effectiveness analysis.
▪ Owing to the use of time-to-event data, the analysis will not consider the duration of a participant’s episode of low back pain. It will also not
discriminate between a moderate or severe
recurrence.

of 18.3%2 and half of those with LBP
expected to seek care,3 the economic
burden is enormous. The direct annual costs
of treatment in Australia are estimated to be
$1 billion with a further $8 billion spent on
indirect costs.4 Studies of the course of
LBP5–7 have shaped the contemporary view
that LBP is typically a long-term health condition with an unpredictable pattern of symptomatic
episodes,
remission
and
recurrence.8 9 The recurrent nature of LBP
is a major reason why the condition carries
such a large social and economic burden
around the world,9 with the 1-year recurrence rates reported in the literature ranging
from 25 to 80%.10–12 Despite the impact of
these LBP recurrences, we have very little
understanding of why this pain recurs the
only known predictor of recurrence being
the number of previous occurrences.12
In the general community there are widely
held beliefs about ‘what’ things are ‘bad’ for
backs, and also about what one should do to
prevent recurrences of LBP. There are a wide
range of health services, remedies and
devices marketed to prevent back pain.
However, in stark contrast to the
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community’s belief about LBP prevention, the latest systematic review13 on the topic suggests that only exercise
alone or in combination with education is effective with
a 35% and 45% reduction, respectively, in the recurrence rate of LBP up to 1 year. While the results of this
systematic review are promising, it also has a number of
limitations. Though this systematic review was based on
21 randomised controlled trials (RCTs) with 30 850
unique participants, the trials which informed the exercise, and exercise and education analyses were generally
small, unregistered, and did not attend to trial features
such
as
concealed
allocation,
blinding
and
intention-to-treat analysis. Therefore, these are likely to
provide exaggerated estimates of treatment effects. Also
none provided any information on cost-effectiveness.
Accordingly, there is insufﬁcient information for clinicians to conﬁdently advise their patients on the likelihood of beneﬁts and harms, and for health policy
makers to judge whether exercise programmes to
prevent recurrences of LBP represent value for money
and are a wise investment.
The aim of this trial, TOPS (Trial Of Prevention
Strategies for low back pain in patients recently recovered
from LBP), is to establish the effectiveness and costeffectiveness of group-based exercise and education
classes compared with a minimal intervention control in
preventing recurrence of LBP in people who have
recently recovered from an episode of LBP. We will also
establish the risk of adverse events (AEs), and monitor a
number of process outcomes, such as physical activity
levels and back pain beliefs, in order to determine the
mechanisms through which any protective intervention
might act. A safe, cost-effective intervention to prevent
recurrences of LBP would be of enormous beneﬁt to
individuals and society. If we are able to show strong evidence for the effectiveness and cost-effectiveness of these
programmes, it will help strengthen the engagement not
just from individuals and care providers, but also from
employers and the government.

METHODS AND ANALYSIS
Design overview
TOPS will be a pragmatic comparative effectiveness randomised clinical trial with a parallel economic evaluation
combining three separate cohorts (TOPS Workers, TOPS
Primary Care, TOPS Defence), pending funding
approval, with the same methodology. In this trial, 1482
participants who have recently recovered from LBP will
be randomised to either a comprehensive exercise and
education programme or a minimal intervention control.
Participants will be followed up for a minimum of 1 year,
with the total length of the trial dependent on funding.
The primary outcome will be days till recurrence of LBP.
The overall design is illustrated in ﬁgure 1. The protocol
is reported in accordance with SPIRIT14 (Standard
Protocol Items: Recommendations for Interventional
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Trials), TIDieR15 (Template for Intervention Description
and Replication) and CERT16 (Consensus on Exercise
Reporting Template) statements.
Participants
Potential participants will be referred to the study on
recovery from an episode of LBP. This referral may
occur through the participant’s primary care practitioner (general practitioner (GP) or physiotherapist),
through their employer or through self-referral.
A researcher will contact potential participants referred
to TOPS to conﬁrm recovery. If participants referred to
the study do not meet the deﬁnition of ‘recovered’ as
deﬁned in this protocol they will, if they permit, be contacted 1 month later to reassess if they have recovered.
This will occur for a maximum of 3 months. After recovery has been conﬁrmed, participants will be fully
informed about the study and all eligibility criteria will
be checked. Participants will then attend a baseline
assessment with a researcher where they will give written
informed consent, and demographics and baseline data
will be collected.
Eligibility criteria
Participants will be included if they meet the following
inclusion criteria:
▸ Recovered from an episode of non-speciﬁc LBP
within the past three months. Non-speciﬁc LBP is
deﬁned as pain in the area between the 12th rib
and buttock crease not attributed to a speciﬁc diagnosis (infection, malignancy, spondyloarthritis, vertebral fracture, etc) and not accompanied by
radicular pain attributable to a true nerve compression. The date of recovery is deﬁned as the seventh
consecutive day with average pain no >1 on a 0–10
scale.
▸ TOPS Workers participants must also be currently
employed (including self-employed).
▸ TOPS Defence participants must be serving members
of the Australian Defence Force (including reserve/
part-time members).
▸ TOPS Primary Care participants must have sought
care for the previous episode of LBP in primary care.
Participants will be excluded if they have any of the
following:
▸ Previous spinal surgery.
▸ Any co-existing medical condition that would restrict or
prevent safe participation in the exercise programme,
for example, uncontrolled hypertension.
▸ Inadequate English/cognitive ability to provide
consent and complete outcome measures.
▸ Currently participating in (1) an exercise programme
similar to the one we will evaluate, or (2) a structured
moderate intensity aerobic exercise for at least
150 min/week, or (3) a structured strength training
exercise programme at least two times/week.
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Figure 1 Study design. ACSM, American College of Sports Medicine; LBP, low back pain.
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▸ Unable to collect valid baseline physical activity data
(wearing time of at least 10 hours/day on at least
4 days of the 7-day wearing period)
▸ Currently pregnant.
▸ Less than 18 years of age.
Randomisation
Immediately after baseline data have been collected and
checked, participants will be randomly allocated to treatment group in a 1:1 ratio. The randomisation schedule
will be generated prior to the start of the trial by an
independent investigator using a permuted blocking
method with random block sizes. Consecutively numbered, sealed, opaque envelopes will be used to conceal
randomisation. Randomisation will be stratiﬁed for each
cohort TOPS Workers, TOPS Defence and TOPS
Primary Care and by the participants’ history of LBP
(more than two previous episodes; yes/no). The participant will be considered as ‘entered’ into the trial at the
point of randomisation.
Blinding
Owing to the nature of the trial, it will not be possible to
blind participants or intervention providers. However, in
an effort to blind the participants as much as possible to
the trial research question, it will be explained that the
study compares two methods for preventing recurrence
of back pain. Researchers collecting follow-up data and
conducting the analysis will remain blinded to treatment
allocation.
Intervention
Intervention providers will be registered physiotherapists
experienced in the conduct of exercise programmes for
LBP and located at various private practices throughout
the greater Sydney area. These providers have been
chosen as they represent clinicians with already established group exercise programmes designed to prevent
LBP; therefore, the ﬁndings of this study will be reﬂective of clinical practice. Participants will begin their intervention within 1 week of enrolment.
Minimal intervention
Participants will receive the ‘Guide to Positively Managing
Back Pain’ booklet17 and one half-hour appointment
with the intervention provider where they will be taken
through the booklet and have it explained to them.
Included in this time will be opportunity for the participant to ask any questions they might have about the
booklet or its contents. Participants will have the opportunity to contact the intervention provider by phone on
one occasion after the end of the session to clarify the
information contained in the booklet or ask further
questions. In order to maintain the minimalist nature of
this intervention, the providers conducting the intervention cannot volunteer information that goes beyond the
scope of the booklet.
4

The ‘Guide to Positively Managing Back Pain’ booklet has
been developed by a private health insurance company
in Australia (BUPA), and the company has given
approval for its use in this study. It is a publicly available
resource that includes advice on self-management and
prevention of back pain, as well as a brief overview of
the various types of exercise. This booklet has been
chosen as it provides information that is already available
to the general public; thus, providing this information to
the participant represents no practical increase in the
level of education available when compared to what is
accessible to a member of the general population.
Group exercise and education programme
Participants in the group exercise and education programme will receive a comprehensive individualised
exercise and education programme over 12 weeks. This
includes a single 1-hour individual assessment session
prior to the start of the programme, three individual
half-hour progress assessment sessions at 4, 8 and
12 weeks, and 8 supervised group exercise sessions from
weeks 1–8. The purpose of the individual assessment sessions is to enable the intervention provider to determine
the most appropriate level (quantity and intensity) and
type of exercises for the participant. Mandated diagnostic tests to occur in the initial assessment are presented
in table 1, with further tests conducted at the provider’s
discretion. Progress assessments have no mandated tests,
rather the provider will reassess those measures deemed
important in the previous assessment session. Also
within the assessment sessions will be time for the prescription of the home exercise programme. The home
exercise programme will build on the exercise conducted within the sessions, and facilitate continuance of
exercises once the supervised group exercise programme has been completed. The group exercise sessions will be conducted once per week with a ratio of
between 3 and 8 participants per intervention provider
and will run for 1 hour. After completion of the ﬁnal
progress assessment, weekly education and/or

Table 1 Specific diagnostic tests to be completed in the
initial assessment session
Assessment type

Assessment

Cardiovascular

STEP (Step Test and Exercise
Prescription)19
Ito extensor endurance test20
Trunk-flexor endurance test
(partial sit-up)21
Thomas test (hip flexors)22
Standing forward bend23
Active knee extension test
(hamstring length)24
Posture (sitting and standing)
Squat25
1 leg squat

Muscular endurance

Muscle flexibility/
mobility:

Neuromotor fitness
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motivational tips will be sent to the participants via
phone (short message service; SMS) or email according
to the participant’s preference for another 12-week
period.
The exercises/activities implemented as a part of this
intervention will be at the provider’s discretion and
focus on four key areas of exercise training identiﬁed by
the American College of Sports Medicine (ACSM).18
These are: cardiorespiratory, resistance, ﬂexibility and
neuromotor exercise. All participants will be directed to
meet the ACSM’s guidelines for cardiorespiratory exercise. Speciﬁc resistance, ﬂexibility and neuromotor exercises which emphasise performance of functional
everyday activities will be prescribed according to areas
of deﬁcit identiﬁed in the initial and progress assessments. Intervention providers will work with participants
to provide an individualised and graded exercise programme that reﬂects the participant’s physical capacity
and the nature of work, household, social and sporting
activities the participant is involved in. The progression
of the programme will conform to the ACSM’s position
statement.18
Equipment such as hand-held weights, resistance bands
or instability platforms may be used to provide variable
resistance or progress the exercises. If exercise equipment needs to be purchased for conduct of the home
exercise programme, participants will be reimbursed up
to AU$50. Intervention providers will make sure not to
prescribe exercises requiring equipment that the participant does not have access to or ability to purchase.
The educational component will consist of a number
of elements: a basic understanding of anatomy and kinesiology, postural and movement education, causes and
management of LBP, beneﬁts of exercise and motivational ideas. The educational components will be delivered in two ways. The ﬁrst will be conducted as part of
the group classes, and integrated with the provision of
exercises such that as the participant learns to perform
the exercise they are also learning the theory behind
what they are doing and why it is important to them. This
will help in retaining the key principles of both the exercise and the educational components, and assist in selfidentiﬁcation of any possible deconditioning that may
occur after the exercise programme has been completed.
The second will be conducted from weeks 14 to 26 with
the purpose of reinforcing the educational information
received in the classes and maintaining compliance with
the exercise programme beyond completion of the
12-week programme. These messages will be delivered by
SMS or email at the participant’s preference once a week.
Follow-up
From enrolment into the programme the participants
will be followed up every 2 weeks by SMS or email
(according to participant’s preference) until completion
of the study. At each follow-up participants will be asked
whether they have had a recurrence of their LBP in the
past 2 weeks. Participants followed up via SMS will be
Stevens ML, et al. BMJ Open 2016;6:e011492. doi:10.1136/bmjopen-2016-011492

able to respond with either a ‘yes’ or ‘no’. If the participant indicates they have had a recurrence of LBP, they
will receive a phone call from the researcher to collect
details of the recurrence. At this time, the researcher
will also arrange for a cost diary to be mailed out to the
participant enabling them to maintain a record of costs
occurred as a consequence of their LBP. Follow-ups
through email will consist of an online survey to determine whether or not the participant has had a recurrence of LBP. If the participant responds with a ‘yes’,
the survey will automatically ask further details of the
recurrence. A cost diary will also be mailed out. Further
outcomes collected at 14 weeks, 6 months and
12 months will be collected along with normal recurrence data by either phone or online survey.
All online surveys will be conducted on a database speciﬁcally designed for the study using the REDCap software. All SMS follow-ups will be conducted using SMS
Global. Any participant who has not responded to the
survey after 48 hours will be followed up by phone. The
researcher will attempt to contact the participant three
times over the next 72 hours, including leaving messages. If the researcher is able to contact the participant,
they may then conduct the survey by phone if convenient to the participant.
Study outcomes
Primary outcome
Days to recurrence of an episode of LBP (deﬁned as
back pain lasting for at least 24 hours with a pain intensity of 3 or more on a 0–10 numeric pain rating scale).
Secondary outcomes
Days to recurrence of:
1. An episode of LBP resulting in work absence of at
least 1 day (for those in paid employment);
2. An episode of consulting for LBP (with consultation
to a healthcare provider);
3. An episode of activity-limiting LBP (moderate or
greater activity limitation measured using an adaptation of item 8 of the SF-36).
Cost outcomes
Outcomes used for the cost-effectiveness analysis
include:
1. Hours taken off normal paid work;
2. Use of healthcare services including type (eg, GP and
physiotherapist) and number of uses;
3. Use of community or other services (eg, gym attendance and meals on wheels);
4. Use of prescription medicine (name, strength,
tablets/day and number of days);
5. Use of over-the-counter medication or other
out-of-pocket costs (eg, purchase of a lumbar belt).
Process measures
Process measures will be collected at baseline, 6 and
12 months. These are physical activity levels and back
5
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pain beliefs. These measures have been chosen as we
feel these areas will inform the results of the study by
helping us understand the mechanisms of action
through which any potential beneﬁt may act. Physical
activity will be objectively assessed with the Actigraph
GT3X-Plus accelerometer. It records activity counts and
steps taken, which are converted to time spent in sedentary, light, moderate and vigorous intensity physical activity using established cut points based on activity counts
per minute. The Actigraph is a non-invasive, small, lightweight device (4.6×3.3×1.5 cm, 19 g) that is worn during
waking hours for seven consecutive days on the right
hip. The Actigraph is the most researched accelerometer
in the physical activity and health ﬁeld over the past
15 years, and has been shown to be the most valid.26
Beliefs about back pain will be measured using the Back
Beliefs Questionnaire, a validated 14-item self-report
questionnaire used to quantify beliefs about the likely
consequences of having LBP.27
Intervention compliance and treatment credibility
Compliance with the home exercise programme will be
measured using a Study Diary. The diary will be given to
the physiotherapist and used for recording details of the
assessment session, the home exercise programme, and
adherence to the intervention. The diary will be
returned to the researcher after the intervention has
been completed. Treatment credibility will be assessed at
14 weeks using a modiﬁed version of the credibility/
expectancy questionnaire.28
Adverse events
AEs will be measured via a questionnaire at 14 weeks
(the ﬁrst follow-up following completion of the intervention). An AE is any untoward medical occurrence in a
participant temporarily associated with the trial intervention, whether or not it is considered related to the trial
intervention. A serious AE (SAE) is one that is lifethreatening or requires inpatient hospitalisation or will
result in persistent or signiﬁcant disability or incapacity,
and these will have to be reported immediately.
Statistical analysis
The primary analyses will be by intention-to-treat. It is
hypothesised that group-based exercise and education
classes will be effective and cost-effective compared to a
minimal intervention in preventing recurrence of LBP.
Primary outcome analysis
We will assess difference in survival curves (days to recurrence of episode LBP) using the log-rank statistic. Cox
regression will be used to assess the effect of treatment
group on HRs. We have stratiﬁed for the only known
predictor of recurrence ( previous recurrence).12 We will
treat prognostic factors for back pain29 30 as potential
confounders; if these are unbalanced despite randomisation, we will include them as covariates in the analysis.
The proportional hazards assumption will be tested
6

using the time-dependent covariate method. For the secondary outcomes, an analogous survival analysis will be
conducted. For the primary outcome, a p value of <0.05
will be considered statistically signiﬁcant. For the secondary outcomes, a p value of <0.01 will be considered
signiﬁcant.
Cost-effectiveness analysis
The cost-effectiveness analysis will be conducted from
the societal perspective and according to the
intention-to-treat principle. It will compare group exercise to minimal intervention using the primary outcome
as the measure of effectiveness. Costs of the study treatment will be derived from the cost of providing the
intervention plus the cost of equipment purchased.
Costs to the healthcare system incurred due to back pain
recurrences will be valued at standard rates published by
the Australian Government (eg, Medical Beneﬁts
Scheme standard fees, the Pharmaceutical Beneﬁts
Scheme cost for medications). Costs of the study treatments and private non-medical healthcare services (eg,
physiotherapy) will be valued at standard rates published
by the relevant professional body or third party payer.
Costs of community services (eg, gym attendance) and
other out-of-pocket costs (eg, purchase of a lumbar belt)
will be based on the self-reported costs of participants.
The costs of work absenteeism will be estimated by the
number of days absent from work multiplied by the
average wage rate. Presenteeism (ie, lost performance
while at work) will be measured using an item of the
WHO Health and Work Performance Questionnaire
(WHO-HPQ) asking workers to rate their overall work
performance during the previous four weeks on a
11-point scale, ranging from ‘worst performance’(0) to
‘best performance’(10).31
An incremental cost-effectiveness ratio will be calculated by dividing the between-group difference in costs
by the between-group difference in effects (ie, costs per
recurrence-free month gained). Cost-effectiveness ratios
will be estimated using bootstrapping techniques (5000
replications), and graphically presented on costeffectiveness planes. Acceptability curves and net monetary beneﬁt will also be estimated. Sensitivity analyses on
the most important cost drivers will be performed in
order to assess the robustness of the results.
Sample size
Each cohort has been independently powered to detect
a clinically signiﬁcant result for the primary outcome.
Sample size was calculated for the primary outcome
using PASS software based on the method of Lakatos32
by means of a two-sided log rank test with an α value of
0.05. For TOPS Workers, we calculated that a sample
size of 80 participants per group will give 80% power to
detect a 40% relative reduction in recurrence rates
between the treatment group and the control group. For
TOPS Defence, 150 participants per group will provide
80% power to detect a 30% relative reduction between
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treatment groups; for TOPS Primary Care, 511 participants per group will provide 80% power to detect a 20%
relative reduction between groups. Pooling the data
from all 1482 participants will provide 80% power to
detect a 15% relative reduction between the treatment
groups. These calculations are based on 30% recurrence
in 1 year in the control group, a rate we observed in our
recent study.12 Higher rates of recurrence typically
reported in the literature would increase power.10–12 We
have allowed for 1% loss to follow-up, and 1% treatment
non-compliance per month in both groups.
Data management
Data will be maintained and stored using the REDCap
database software using a combination of data collection
and entry by researchers, and automatic entry by the participants. All recurrence data will be entered into the database automatically through participant surveys.
Demographic and baseline data will be entered manually
by the participant at study entry. If the data are not able to
be entered by the participant (eg, loss of connection to
the database at the study site), hard copies will be taken
and the data manually entered by the researcher at the
research ofﬁce. In order to maintain the integrity of the
data if this occurs, the data entry will be checked by a
second researcher. Actigraph data will be processed in
Actilife V.6.7.3 to transform the data into valid measurements of time spent (in minutes) in sedentary, light, moderate and vigorous activity as well as total activity level.
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