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Preface

This thesis is organised into eight chapters and written so that each chapter can be read
independently. The University of Sydney allows published papers that arose from the

candidature to be included in the thesis.

Chapter One is an introduction to the thesis and provides an overview of the challenges of
diagnostic research in low back pain. It also highlights the gaps in the literature in this field

that were addressed by the studies in this thesis.

Chapter Two is a perspective paper considering the origins of the term non-specific low back
pain, common misconceptions regarding the term, the impact of the term on research and
clinical practice, and suggestions for future research to move the field forward. This manuscript

is presented as published in The Spine Journal.

Chapter Three is a protocol for a Cochrane review to assess the diagnostic accuracy of red
flags used to screen for the different types of vertebral fracture in patients presenting with low
back pain. This paper is presented as published in the Cochrane Database of Systematic

Reviews.

Chapter Four is a Cochrane review that investigated the diagnostic accuracy of red flags used

to screen for the different types of vertebral fracture in patients presenting with low back pain.

This paper is presented as published in the Cochrane Database of Systematic Reviews.
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Chapter Five is a systematic review to determine the diagnostic accuracy of diagnostic tests
to identify the disc, sacroiliac joint, or facet joint as the source of low back pain. This paper is

presented as published in eClinicalMedicine.

Chapter Six is a systematic review of longitudinal studies assessing whether magnetic
resonance imaging can predict future low back pain. This paper is presented as published in

Journal of Physiotherapy.

Chapter Seven is a literature review that explored study level factors that which may
potentially explain differences in study results from trials investigating the StarTBack
treatment approach. This paper is presented in the format of the manuscript submitted to BM.J

Open and is currently under review.

Chapter Eight provides a discussion of the findings of the thesis, including implications for

clinicians and recommendations for future research.

Each chapter contains its own reference list; any appendices that were published as online

supplementary material are included at the end of the relevant chapter.
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Abstract

The overall aim of this thesis is to investigate and address key knowledge gaps in the diagnosis
of low back pain and the role of a diagnosis in the treatment of low back pain. Chapter Two
discusses the origins of the term non-specific low back pain, common misconceptions
regarding the term, the impact of the term on research and clinical practice, and suggestions
for future research to move the field forward. Chapter Three and Four assessed the diagnostic
accuracy of red flags used to screen for the different types of vertebral fracture in patients
presenting with low back pain. Most red flags were not useful as screening tools to identify
those at greater risk of vertebral fracture. However, the four best red flags found were
corticosteroid use, older age, trauma, and a contusion or abrasion. Chapter Five aimed to
determine the diagnostic accuracy of diagnostic tests to identify the disc, sacroiliac joint, or
facet joint as the source of low back pain. The results of this systematic review provide
evidence that some index tests had informative likelihood ratios for the disc, sacroiliac joint,
or the facet joint, challenging the current view that a diagnosis is not possible. Chapter Six
then assessed whether magnetic resonance imaging can predict future low back pain. The
results from this systematic review suggest that some MRI findings have weak associations
with future LBP; however, for most of the MRI findings evaluated it was unclear whether there
was an association. Chapter Seven investigated targeted treatments for low back pain using a
classification system (i.e., STarTBack approach) and explored differences in study level factors
that may explain differences in results, in studies implementing the STarTBack approach.
Reporting of important study level factors in how the STarTBack approach was implemented
was often unclear. However, there is some suggestion that key factors may include the

individual who implemented the STarTBack tool, whether the recommendations of the tool

Xiv



were followed, the amount of training the clinician delivering the matched treatment received,

and whether clinicians actually delivered the matched treatment.

XV



Chapter One:

Introduction



1.1. Introduction to low back pain

Low back pain is typically defined as pain between the 12th ribs and the buttock creases.! Low
back pain is a very common condition, and most people will experience low back pain in their
life. For example, the one year incidence of experiencing a first ever episode of low back pain
is approximately 6.3% to 15.4%, with estimates for the one year incidence of any episode of
low back pain being as high as 36%.% The one month prevalence of low back pain is estimated
to be 23.2% in the general population.” The prevalence of low back pain also increases with
age’. For example, in 2017 the point prevalence estimates of low back pain for 40-44 years old
were 12%?*, for 60-64 years old were 20%*, and peaked at 80-84 years old at 25%* and have
previously been reported as high as 40%?3. In Australia, low back pain is ranked third in overall
disease burden (disability-adjusted life years), accounting for 3.6% of total disease burden and

is the leading cause of burden of all musculoskeletal conditions.’

Low back pain results in a large economic burden due to the direct costs (health care) and
indirect costs (e.g., social security, and compensation payments). For example, in the United
States, low back pain and neck pain combined accounted for USD$134.5 billion in healthcare
spending in 2016.° In Australia, low back pain cost the Australian healthcare system AUD$4.8
billion annually and was the leading reason for visits to primary care’, loss of productive years,
and exiting the workforce in 2015.% There are also large indirect costs contributing to the
economic burden of low back pain, such as work absenteeism and loss of productivity. These
indirect costs are generally greater than direct costs. A systematic review (n=21 studies)
investigated the direct and indirect cost of low back and found that the mean direct costs only
accounted for 22% of total costs, indicating that indirect costs are a much larger contributor to
the cost of low back pain.’ In Australia, the total cost of low back pain in 2001 was estimated

as AUDS$9 billion, however only AUDS$1 billion of this was accounted for by direct healthcare



costs.!? It is widely agreed that low back pain can be very disabling and impose an enormous

social and economic burden on the community.!!

The complexities of diagnosis and treatment of low back pain are likely contributors to the
growing burden of disease and costs associated with this condition.'?>!3 Performing tests such
as magnetic resonance imaging (MRI) for patients with low back pain who have no indications
of serious pathology (i.e., for non-specific low back pain) is costly and contributes to
overdiagnosis, which increases the risks for patients to receive unnecessary interventions.'*
Studies have shown that liberal imaging is associated with downstream consequences such as
subsequent specialist referrals, unnecessary escalation of care, and interventions performed
based on imaging results.!>»!> On the other hand, missed diagnoses (e.g., vertebral fracture,
cauda equina syndrome) may delay appropriate care and lead to worse patient outcomes and
greater costs to the healthcare system. A missed diagnosis may also lead to undertreatment and
may contribute to the development of chronic low back pain or more serious disease
progression. Chronic low back pain becomes more difficult to treat and requires higher
utilisation of healthcare resources, resulting in higher healthcare costs and associated indirect
costs secondary to absenteeism from work.!* A clearer understanding of when pursuing a
diagnosis will usefully guide treatment may lead to more informed selection for further testing,

with the aim of utilising resources more efficiently to improve patient care.

1.2. Differential diagnosis
Low back pain is a symptom rather than a disease, a symptom which may arise due to several
different causes or diseases.!® It may also be accompanied by pain in one or both legs, with or

without associated neurological symptoms.!!¢ For patients presenting with low back pain, most



clinical practice guidelines recommend history taking and physical examination to form a
diagnosis'” and assist in triaging patients into the four broad categories (i.e., serious pathology,
radicular syndromes, non-specific low back pain, problem beyond the lumbar spine). The
lumbosacral causes of low back pain are often separated into distinct categories, which are
described below. For the purposes of this thesis, I will focus on two of the three categories:
serious low back pain (e.g., vertebral fracture, infection, and cancer) and non-specific low back

pain.

1.2.1. Serious low back pain

Serious causes of low back pain that likely require specific treatments include vertebral
fractures, malignancy, spinal infections, axial spondylarthritis and cauda equina syndrome. In
the primary care setting, between 1% and 5% of all patients who present with low back pain
will have a serious spinal pathology.'®!8-2 The prevalence of serious pathology in patients
presenting to the emergency department is thought to be somewhat higher, with one review
(n=22; 41320 participants) reporting estimates between 2.5% and 5.1%.?! However, it is
important to note that a large proportion of patients presenting to the emergency department
for low back pain are diagnosed with a pathology not originating from the lumbar spine. For
example, a recent study (n=1982) using electronic medical record data investigated the
proportion of patients presenting to the emergency department with back pain who received a
discharge diagnosis of serious spinal or non-spinal pathologies or other musculoskeletal
conditions.?? The study found that 23.9% of patients were diagnosed with a pathology beyond
the lumbar spine.?? A retrospective review of patients presenting to three Australian Emergency
Departments between 2016 and 2018 (n=409,405) found that 3.4% (14,024) of patients
presented with ‘back pain’.?* Of these 14,024, 54.4% (7631) of patients discharged from the

emergency department were diagnosed with a pathology behind the lumbar spine.??



In both primary care and emergency department settings vertebral fractures are amongst the
most common serious causes of low back pain. According to a systematic review of diagnostic
studies (n=14 primary care studies) the median prevalence of vertebral fractures in patients
presenting with low back pain was estimated at 3.6% in primary care and 6.5% in secondary
and tertiary care.'® Lumbar vertebral fractures can include different types of fractures such as
vertebral traumatic fractures, vertebral stress fractures, and osteoporotic vertebral compression
fractures. These three types of vertebral fractures may have different distinguishing clinical
histories and clinical features and may require different diagnostic work-up. The three types of
fracture have different management, and so a specific diagnosis of the type of vertebral fracture
is important.?*

1.2.2. Radicular syndromes associated with low back pain

Radicular syndromes account for approximately 5-10% of low back pain presentations*>-?® and
comprise, radicular pain, radiculopathy and spinal canal stenosis.!®? Lumbosacral radicular
pain and radiculopathy occur due to spinal nerve or nerve root involvement, however, are
distinguished based on clinical presentation. Radicular pain includes dermatomal leg pain, leg
pain that is worse than back pain, worsening of leg pain with coughing or sneezing, and positive
neurological tension testing (e.g., straight leg raise).!® Radiculopathy on the other hand is
characterised by signs of impaired neurological function such as myotomal weakness, loss of
sensation, and/or loss of reflexes. People with low back pain may present with radicular pain

and radiculopathy in isolation or in combination.!®

Spinal stenosis is another lumbar condition and is due to narrowing of the spinal canal.

Narrowing of the spinal canal can arise due to a combination of degenerative changes in the



lumbar spine such as facet osteoarthritis, disc bulges, or ligamentum flavum hypertrophy.'¢
Characteristic symptoms of spinal stenosis are pain or neurological symptoms exacerbated by
walking or extended postures, and relief with flexed postures.'® It is thought that these

symptoms are a result of ischemia of the nerve roots in the cauda equina due to compression. !

1.2.3. Non-specific low back pain

Most people presenting to primary care with low back pain of lumbar spine origin will have
non-specific low back pain, whereby a specific nociceptive source of pain cannot be
identified.?” The classification of non-specific low back pain implies there is no identifiable
pathoanatomical cause for an individual’s low back pain (after excluding serious or specific
causes).?’ A recent seminar paper in the Lancet highlighted the many potential nociceptive
structures in the lumbar spine (e.g., intervertebral discs, facet joints, muscles, ligaments,
sacroiliac joint) that may contribute to an individual’s pain, despite the challenges in

identifying the exact cause for an individual patient.?®

1.2.4. Potential nociceptive sources of non-specific low back pain

There are many lumbar structures that are plausible sources of low back pain (e.g., disc, facet,
sacroiliac joint). For instance, the disc is a commonly cited possible source of low back pain
that is susceptible to degenerative, traumatic, or biochemical stressors.?® Changes occurring in
the disc (e.g., disc degeneration, annular fissures) can lead to the growth of nerve endings into
the annular fibrosus, and can be sources of nociception.?*-° Lumbar provocation discography
has previously been used for disc stimulation and morphological evaluation and was often used
to distinguish a painful disc from other potential sources of pain.! A systematic review (n=5
lumbar spine studies) of diagnostic accuracy and utility studies for discography demonstrated

that discography is a potentially useful test to diagnose the disc as the source of low back pain.3!



However, it is important to note the potential harmful effects of the use of lumbar discography
(e.g., acceleration of disc degeneration)®?, the potential risk for high false positive rates if
control discs are not well controlled, and the limited availability of discography for clinician

and patients in primary care must be considered.?!

The facet joints are a possible cause of low back pain as they are supplied by the medial
branches of the dorsal rami which have a large amount of free and encapsulated nerve endings
that are nociceptive receptors.®® Facet joints are susceptible to arthritic changes, degenerative
changes, inflammation, and injury; all of which could cause pain to be perceived in the lumbar
region.>* A systematic review (n=17 studies focused on the lumbar spine) highlighted that facet
joints can be a pain generator** and that subsequent therapeutic application of controlled local
anaesthetic blocks or medial branch blocks to the facet joint can relieve these symptoms.
Therefore, the application of these blocks can be used to diagnose facet joint pain.*> For
example, a systematic review of diagnostic studies (n=17 studies) that utilised dual diagnostic
blocks with at least 75% pain relief demonstrated the mean prevalence of facet joint pain ranged

between 16 to 41%.3?

The sacroiliac joint is another potential source of low back pain which is highly innervated
including nociceptive receptors.?’ The sacroiliac joint is considered to have intra-articular or
extra-articular causes of pain. For example, the intra-articular causes could be infection or
inflammation, and the extra-articular causes could be enthesopathy, ligament injury, or
myogenic injury.? These innervated structures of the sacroiliac joint have been shown to be
relieved with local anaesthetic, and therefore the International Association for the Study of Pain

(IASP) recommends the use of single or double blocks for diagnosing sacroiliac joint pain.?



With the challenges of identifying a specific nociceptive cause of low back pain, there has
recently been greater focus on factors contributing to an individual’s pain and associated
disability (e.g., psychological, genetic, biophysiological, social, and lifestyle factors)'® and less
focus on pathoanatomical factors. Low back pain is associated with a range of biophysical,
psychological, and social factors that influence one’s function, societal participation, and
personal financial prosperity.!'® It is important to acknowledge the complexity of low back pain
and that an individual’s pain and associated disability is likely a combination of several factors

mentioned above.

1.3. Diagnosis of serious low back pain

Although it is uncommon for presentations of low back pain to be due to a serious underlying
condition (Maher 2017), it is important that health professionals can identify or screen for
serious pathology using red flags. The accuracy of red flags is important. On the one hand, if
the tests have a high rate of false alarms, people without a spinal fracture may undergo
unnecessary imaging. On the other hand, missing a spinal fracture will result in a delay in
receiving treatment and may lead to worse outcomes. Therefore, robust data on the diagnostic

accuracy of red flags to screen for vertebral fractures is needed.

1.3.1. Reference standards (i.e., imaging tests) for serious low back pain

Imaging procedures are sometimes used as the reference standard to identify serious
pathologies such as vertebral fractures.?’ Imaging techniques such as x-ray, MRI, CT, and
SPECT are often used when there is an increase in suspicion of vertebral fracture when red

flags are present (e.g., positive index tests such as trauma).



Most clinical practice guidelines recommend history and physical examination to identify low
back pain patients with a higher likelihood of vertebral fracture.!” Those who require further
diagnostic work up may require different imaging procedures for the different types of vertebral
fracture. However, imaging can be costly and has been shown to not necessarily lead to better

outcomes.!? Therefore, informative index tests are needed to avoid unnecessary imaging.

The American College of Radiography (ACR) recommends standard radiography for initial
imaging in patients presenting with low back pain with a suspicion of osteoporotic vertebral
compression fracture.’® Genant's semi-quantitative assessment and the algorithm-based
qualitative approach are methods used to classify and confirm the presence of a vertebral
fracture on standard radiographs.’”*® Computed tomography (CT) is recommended over a plain

radiograph if there is suspicion of vertebral traumatic fracture or vertebral stress fracture.>

Magnetic resonance imaging (MRI) is now preferred over CT in evaluating patients with
suspicion of lumbar stress fracture due to radiation exposure concerns.’* MRI can detect bone
marrow oedema early, facilitating early diagnosis of lumbar stress reaction and fracture without
radiation exposure.**** Given that most patients presenting with low back pain with suspicion
of lumbar stress fracture tend to be from younger age groups, MRI may be beneficial as first-

line imaging given its high sensitivity and specificity, and no ionising radiation exposure.*-*3

1.3.2. Index tests (i.e., clinical examination tests) for serious low back pain

Most clinical guidelines recommend the use of red flags (e.g. unexplained weight loss) to assist
clinicians to identify cases of serious pathology** However, guidelines are inconsistent
regarding which red flags to use, and many endorsed red flags that are of limited or unknown

diagnostic accuracy.?’” An example is the red flag ‘thoracic pain’ which has a positive and



negative likelihood ratio of 1.01 for detecting malignancy in patients attending primary care

for management of low back pain.!34°

The lack of diagnostic studies is well illustrated by the 2013 Cochrane review of red flags for
spinal malignancy in patients presenting with low back pain*® which found only eight studies.
The review (n=8 studies; 7361 participants) found the diagnostic accuracy of most red flags
was poor whether in isolation or combination, except for ‘history of cancer’ which
demonstrated informative +LR ranging from 12.7 to 35.0.* For cauda equina syndrome, a
recent systematic review (n=7; 569 participants) which only included seven studies found that
only ‘saddle anaesthesia’ (+LR 2.00) demonstrated the most informative pooled diagnostic
value.*’ For vertebral fracture, a previous Cochrane review?® (n=38 studies; 7378 participants)
found three red flags were informative: such as significant trauma (+LR range: 3.42 to 12.85),
older age (+LR range: 3.69 to 9.39), and corticosteroid use (+LR range: 3.97 to 48.50).2°
However there is uncertainty on the diagnostic accuracy of red flags for vertebral fracture as
there is a limited number of diagnostic accuracy studies, results were based on single studies,
and there was no differentiation between different index tests for the different types of vertebral
fracture.?’ There is a paucity of primary diagnostic research in this field and therefore red flags
for vertebral fracture (and different types of fracture) are further investigated in Chapter Four

of this thesis in a Cochrane review.

1.4. Diagnosis of non-specific low back pain

There is a common view that a pathological diagnosis is not possible, and that diagnostic
research in this field has been completed thoroughly.*® However, it is important to recognise
that little research has been conducted in this field. For example, the Hancock et al 2007

systematic review of diagnostic studies to identify the source of low back pain only identified
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41 studies in total.** Most of the included studies in this review*” were of low quality, had a
small sample size, and the primary focus of some of the included studies was not the evaluation
of diagnostic accuracy.* In contrast, a recent Cochrane review investigating exercise therapy
for non-specific low back pain included 249 trials®® and a systematic review investigating
psychological interventions for non-specific low back pain included 97 trials.>! It is clear there
is a need for more studies focusing on the available diagnostic tests for low back pain compared

to studies investigating treatments for non-specific pain.

Diagnostic tests such as imaging need to be able to increase (when present) or decrease (when
absent) the likelihood of a particular structure (e.g., disc) being the source of pain.*’ A diagnosis
based upon these tests will only have utility if the diagnosis is able to inform one or more of
the following: prediction of prognosis, understanding disease progression, or identifying those
who respond to specific treatments. For the purposes of this thesis, the index tests i.e., clinical

examination and imaging tests have been presented separately below.

1.4.1 Reference standards (i.e., discography and diagnostic injections) for non-specific
low back pain

There is some controversy surrounding the gold standard for the diagnosis of the disc, facet
joint, or sacroiliac joint (SIJ) as the source of LBP; however, there are some tests considered
as acceptable reference standards. A reference standard is a procedure that is considered the
best available method of classifying a person as having or not having a health condition.>?
There is a general consensus on which reference standards to use for the disc, facet joint, and
SIJ as recommended by the International Association for the Study of Pain®® and the Dutch
Multidisciplinary Guidelines.?’ For example, for the disc, discography is recommended as a

reference standard for discogenic low back pain.?>> For the facet joint and SIJ, single or double
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anaesthetic injections are recommended.>® Most reference standards used to identify the source
of low back pain are not suitable nor available for routine use in primary care, therefore

identifying simpler index tests to help identify the source of low back pain is necessary.

The accuracy of the reference standards will impact the estimates of diagnostic accuracy of
index tests compared to these reference standards. Some studies that have used discography as
a reference standard to identify the disc as the source of pain have found a high rate of false
positive responses with discography when comparing symptomatic and asymptomatic
discs.>*>° Studies have also found low false positive rates when a stricter criterion for a positive
response to discography is used (i.e., reproducible pain greater than or equal to 6/10, 50 psi
intradiscal pressure, 3.5 mL total volume).>*>*> Unfortunately, not all studies follow the same
criteria for a positive response. There is limited primary diagnostic data for a sensitivity
analysis to investigate whether diagnostic accuracy values for index tests differ depending on

whether a stricter or looser criterion for a positive response is used.*

1.4.2. Index tests (i.e., imaging tests) for non-specific low back pain

A diagnosis based on imaging findings such as disc degeneration in patients with low back
pain is controversial. The controversy largely arises because changes on imaging can be present
in both symptomatic and asymptomatic individuals®® and therefore the clinical relevance has
been challenged. However, previous reviews have been limited by very few primary studies

with enough diagnostic data to draw definitive conclusions.*

There is currently limited diagnostic research investigating imaging index tests to identify the

source of low back pain, however, there has been some interesting research in this field. A

systematic review by Hancock et al 2007 (n=41 studies) investigated the disc, facet, or
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sacroiliac joint as the source of pain.*® This review found that some imaging tests for the disc
such as MRI evidence of disc degeneration, high intensity zone, and Modic changes, increased
the likelihood of the disc being the source of low back pain. For the sacroiliac joint,
radionuclide imaging increased the likelihood of the sacroiliac joint being the source of low
back pain. No imaging tests for the facet joint were found to be informative. Contrary to
previous literature, a diagnosis may be possible for patients with persistent low back pain®’,
however further research is needed. Therefore, given the Hancock et al 2007 review*® is now

over 15 years old, this is investigated in Chapter Five in a systematic review.

1.4.3. Index tests (i.e., clinical examination) for non-specific low back pain

A highly cited diagnostic systematic review by Hancock et al 2007 (n=538 cites) suggested
that there was a lack of clinical tests that were able to identify a particular structure or
nociceptive cause of low back pain (e.g., the disc, sacroiliac joint, or facet joint).* However,
this systematic review*’ was limited by low study quality of included studies, small sample
sizes, and the primary focus of some of the studies was not for diagnostic accuracy purposes.*’

This systematic review is also now outdated and therefore is updated in Chapter Five.

The Hancock et al 2007 review located 41 studies that Investigated tests (e.g., physical
examination and imaging findings) to identify the disc, facet joint, and sacroiliac joint (SIJ) as
the source of low back pain.*” Of these 41 studies, 27 studies investigated the disc as the source
of low back pain, 7 studies investigated the facet joint, 6 studies investigated the sacroiliac

joint, and 1 study investigated all three sources.*

The Hancock et al 2007 review found that there were some informative diagnostic tests to

increase or decrease the likelihood of a specific diagnosis for low back pain.*® For studies
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investigating the disc, the only clinical tests that were found to increase the likelihood of the
disc being the source of pain was centralisation phenomenon (+LRs 2.80, 95%CI: 1.40 to 5.30)
(i.e., repeated end-range movements that result in distal pain originating from the spine
progressively moving towards a central location)®’. For the sacroiliac joint, a combination of
pain provocation tests increased the likelihood of the sacroiliac joint being the source of pain
(+LR 3.20; 95%CI: 2.30 to 4.40). No clinical examination tests for the facet joint were found
to be informative. Another systematic review (n=5) which included only five studies found a
combination of sacroiliac joint provocation tests increased the likelihood (+LR 2.13; 95%CTI:
1.20 to 3.90) of the sacroiliac joint being the source of pain.>® In the last 15 years, only two
systematic reviews*-® have explored clinical tests to identify the source of low back pain.
Systematic reviews are limited by a small number of primary studies specifically investigated
physical examination findings to identify the source of low back pain, and instead many

primary studies have focused on imaging findings.

1.5. Consequences of a diagnosis

Ultimately, a diagnosis will only have utility if the diagnosis is able to predict an individual’s
prognosis or response to a particular treatment. Inappropriate or excessive use of tests such as
imaging in search of a diagnosis can result in negative consequences. There are, however,
consequences to not using the available tests that have some scientific rigour in clinical
practice. This has the potential for missed diagnosis of serious pathology (e.g., vertebral
fracture) or failing to identify patients at risk of persisting non-specific low back pain. This will

be explored further below.
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1.5.1. Consequences of diagnosis for serious low back pain

The use of clinical tests to identify vertebral fracture aims to minimise both overtreatment and
undertreatment. Identifying the different types of vertebral fracture as a cause of low back pain
is crucial as the management of these fracture types is different, and markedly different to cases
of non-specific low back pain.?’ Without appropriate index tests to increase or decrease the
suspicion of a vertebral fracture, patients may undergo unnecessary imaging or risk missed
diagnosis.!* Some of these imaging modalities lead to excessive costs, potentially unnecessary
radiation exposure, unnecessary patient anxiety, and can also lead to negative downstream

).133% Overdiagnosis and unnecessary imaging

consequences (e.g., more invasive procedures
also leads to the issues of more invasive and unnecessary treatments, with previous research
demonstrating that more care does not lead to better outcomes and may even lead to poorer

outcomes. 360

On the other hand, missing a spinal fracture will result in a delay in receiving appropriate
treatment and reduce quality of life. The potential for misdiagnosis of vertebral fracture without
appropriate clinical tests is further complicated by the low prevalence of vertebral fracture in
primary care. However, without robust evidence for the utility of index tests, clinicians will
continue to face the challenge of being selective when referring patients for further

investigations to rule out vertebral fracture.

1.5.2. Consequences of diagnosis for non-specific low back pain

Providing an accurate pathoanatomical diagnosis in individuals currently categorised as having
non-specific low back pain is challenging.* It is possible that the inability to identify a
pathoanatomical cause of low back pain is a contributing factor to unnecessary imaging, over

treatment and generally small effect sizes for most interventions.?”%° The label of non-specific
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low back pain may contribute to non-specific treatments, largely targeting the symptoms. For
example, many current clinical practice guidelines recommend broad treatment approaches that
have been found to demonstrate a small beneficial effect such as exercise, medication, or
manual therapy for patients with non-specific low back pain.®! However, guidelines provide

very little to no information on treatment selection and how to individualise these treatments.

The ability to form a diagnosis in people with low back pain is an important step towards
potentially moving beyond the non-specific label and developing new, more targeted, and
specific treatment approaches. For example, the pathology and causal mechanism(s) driving
Modic type 1 changes has been linked to bacterial infection, inflammation, and bone marrow
oedema.b>%* Treatments have been proposed to address these causes and mechanisms (e.g.,
antibiotics, Zoledronic acid or Denosumab for Modic type 1 changes), however we require
much further research evaluating their safety and effectiveness. Specific treatment approaches
targeting a pathology or causal mechanism offer research opportunities to potentially develop

targeted and more effective treatments in the future.

1.5.3. Consequences of diagnosis for prognosis of non-specific low back pain

A diagnosis may also provide insights into prognosis and natural history of disease progression.
The limited evidence in this field suggests there may be some association between MRI
findings and future low back pain, providing some insight into the prognosis when certain
pathoanatomical structures are present. For example, a systematic review by Steffens et al 2014
included longitudinal studies (n=12 studies) to investigate the relationship between MRI
findings and future low back pain.%® Definitive conclusions were not possible in this review
due to limitations such as a paucity of high-quality studies and significant heterogeneity

between studies.® However, single studies did report significant associations between the
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presence of Modic type 1 with future pain, and disc degeneration with future disability, in those
with low back pain.%> Identifying MRI findings and their relevance to low back pain could
assist clinicians to define subgroups that follow a similar natural course or that moderate the
effects of various treatments. Given the limitations of the Steffens et al 2014 review, the
relationship between MRI findings and future pain and disability is addressed in Chapter Six

in a systematic review.

1.6. Management of low back pain

The management of low back pain will be dependent on whether a patient’s pain is arising
from a serious cause or from non-serious causes, usually labelled as non-specific low back
pain. For the purposes of this thesis, I will only present on the management of vertebral
fractures (and not the other serious causes of low back pain) as only vertebral fracture is
relevant to this thesis. The different treatment approaches currently available are described

below.

1.6.1. Current management of vertebral fracture

Fractures of the lumbar spine are conventionally managed conservatively, however in some
complex cases may require surgery (e.g., high trauma).®® Clinical practice guidelines
recommend that the management for acute vertebral fractures involves pain management, short
term bed rest, early graded exercise (e.g. physiotherapy), and spinal braces (spinal orthosis).®¢-
8 A prospective study (n=259) showed that patients with vertebral fracture who demonstrated
improvements in pain and disability within the first 3 weeks of conservative management had
a 95% chance of maintaining these improvements for up to 12 months.®® The Clinical Practice
Guidelines for vertebral fracture in 2017 demonstrated that there are few high quality studies

available and many of the recommendations were based on limited evidence and therefore
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inconsistent in their reccommendations.®® There is currently no definitive consensus on the best
conservative approach, however it is widely agreed that conservative management should be

first line treatment before any surgical intervention.

Percutaneous vertebral augmentation (e.g., vertebroplasty or kyphoplasty) is often considered
in patients with persistent pain affecting their quality of life and function, despite conservative
management.%®”> However, the recommendations for vertebral augmentation were based on
weak evidence, and high quality evidence from the American Academy of Orthopaedic
Surgeons now recommends against vertebroplasty for vertebral compression fracture.”*7
Kyphoplasty is still recommended as an option for those with osteoporotic vertebral fracture
with no associated neurological deficits as per the American Academy of Orthopaedic
Surgeons.”® There remains uncertainty in the current recommendations for conservative or

interventional management of vertebral fracture.®6-68

1.6.2. Current management of non-specific low back pain

Treatments for non-specific low back pain largely aim to reduce pain and its consequent
disability primarily through generic (i.e., non-targeted) pharmacological and/or non-
pharmacological treatments. Clinical practice guidelines vary a little between countries,
however most clinical guidelines recommend similar approaches to the management of low
back pain.?’” The main components of guideline recommendations consist of education,
reassurance, analgesic medication, and non-pharmacological treatments (e.g., manual therapy,
exercise).?’%! However, reviews have shown some of these pharmacological and non-

pharmacological treatments generally only have small effects.?”-6!
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1.6.3. Management of acute non-specific low back pain

For acute low back pain, clinical practice guidelines usually recommend the prescription of
simple analgesics before prescribing more powerful analgesics.” However, an issue is that
many individuals with low back pain continue to be prescribed common medications that have
been shown to be ineffective and carry potential risks for adverse reactions.® A clear example
is the use of paracetamol for low back pain. Paracetamol has been shown to be ineffective for
acute low back pain and is yet to be rigorously tested for chronic low back pain. A recent
overview of systematic reviews (n=36 reviews) found strong evidence that paracetamol is
ineffective in reducing acute low back pain (mean difference 0-10 point scale: 0.2; 95%CI: —

0.1 to 0.4 and is also linked with adverse effects (e.g., elevated liver enzymes).%°

More powerful analgesics such as opioids are also commonly prescribed for low back pain,
however, their efficacy and safety have also been challenged. For example, a systematic review
(n=42 trials; 6128 participants) found that stronger analgesics such as opioids only
demonstrated a small improvement in pain when compared to paracetamol (mean difference 0-
100 scale: -6.7; 95%CI: -11.9 to -1.5) and placebo (mean difference 0-100 scale: -6.3; 95%CI:
-10.5 to -2.2) in the short term (2-hour follow-up).8! This systematic review also found opioids
were no more effective than simpler analgesics such as NSAIDs, however opioids were
associated with greater rates of adverse events compared to paracetamol, placebo, and
NSAIDs.3! A recent Cochrane review (n=32) found that NSAIDs were slightly more effective
than placebo in the short term for pain and disability reduction, however effects were unlikely
to be clinically important.®? The widespread use of pharmacological treatments needs to be
reconsidered given its limited efficacy and safety, and other forms of treatment should be

considered.
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Non-pharmacological treatments for acute low back pain include treatments such as manual
therapy, acupuncture, and advice to stay active.?’*! However, many guidelines do not inform
researchers and clinicians on how to individualise non-pharmacological treatments and/or how
to identify those who will likely benefit the most.?” One approach is to only consider these
treatments if first line care (i.e., education, reassurance, simple analgesics) is ineffective as
approximately 50% of patients with acute low back pain will recover within 3 weeks with
minimal intervention.®? Although non-pharmacological treatments are not associated with
many adverse reactions, not all patients with acute low back pain will likely need or benefit
from these treatments. These treatments may be an unnecessary use of healthcare recourses

given the good natural history of acute low back pain.?’

1.6.4. Management of chronic non-specific low back pain

For chronic low back pain, the clinical practice guidelines largely recommend non-
pharmacological treatments such as education, reassurance, exercise, and an increased
awareness of the influence of psychosocial factors on a patient’s recovery.” Exercise is one of
the most common treatment approaches for chronic low back pain and has been shown to be
one of the most effective treatments. A recent Cochrane review (n=249 trials; 24486
participants) found exercise when compared to placebo demonstrated a pooled effect of 11.8
points (95%CI: 1.6 to 22.0) on a 0-100 pain scale and a pooled effect of 5.2 points (95%CI: 0.8
to 11.3) when compared to other conservative treatments at long term (>12 month) follow-
up.’® The effect sizes were smaller for the outcome of disability.’® However, chronic low back
pain is accepted as a complex multifactorial biopsychosocial condition!®, and often treatments
such as exercises should be incorporated as part of an individualised approach and not

necessarily a standalone treatment.
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Clinical practice guidelines recommend clinicians take into consideration both the
biophysiological and psychosocial contributors in the management of chronic low back pain34.
However, most current treatment approaches are unimodal and fail to address the various and
complex factors contributing to an individual’s low back pain. This may be why the effects of
most recommended treatments for chronic low back pain are modest and short lived.®
Combined approaches (e.g., exercise and psychological therapies) may potentially elicit greater
treatment effects if implemented with a patient-centred approach addressing the factors

contributing to an individual patient’s pain, and consequent disability.>!-8>-86

Cognitive functional therapy (CFT) is a patient-centred approach that aims to address the
complex nature of chronic low back pain through facilitating self-management, by targeting
the individual’s pain-related behaviours and emotions contributing to their pain.®> There was
been some initial promising results from two small trials comparing CFT to manual therapy
and exercises (n=121)%7, and CFT to pain education and group-based exercises (n=206)%;
however both trials had high rates of loss to follow-up. More robust evidence comes from a
However, a recent three-arm RCT (n=492)% assessed the effectiveness of individualised CFT,
delivered with or without movement sensor biofeedback, compared to usual care for patients
with chronic low back pain. This three-arm trial found that CFT alone (mean difference: 4.6;
95%CI: 3.4 to 5.9 on a 24-point scale) and CFT plus biofeedback (mean difference: 4.6;
95%CI: 3.3 to 5.8 on a 24-point scale) both resulted in clinically important effects for disability
at 13 weeks follow-up when compared to usual care.®® Importantly the effects were sustained
at 12 months (mean difference: 4.8; 95%CI: 3.5 to 6.0 and 5-4; 95%CI: 4.1 to 6.6 on a 24-point
scale, respectively).® Targeted, individualised treatment approaches such as CFT highlight the
importance of developing and assessing the efficacy of targeted treatments to push the field

forward.
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Pharmacological approaches for chronic low back pain are currently not well supported in the
literature despite their continued use and should be used with caution. For example, the 2016
NICE draft guideline recommended the use of oral NSAIDs only and advises against opioids
and paracetamol for chronic low back pain.®* Simpler analgesics such as paracetamol have not
been rigorously assessed for chronic low back pain.®® Stronger analgesics such as opioids may
provide short term pain relief based on very low certainty evidence, however the potential
harms of opioids suggest caution in their use.3!# A systematic review (n=16 RCTs) comparing
opioids to placebo demonstrated a small statistically significant improvement (standardised
mean difference: -0.41; 95%CI: -0.48 to -0.34) in the intermediate term (12-15 weeks follow-
up), however in the long term (>6 months) adverse events were much more prevalent in the
opioid group and treatment effects were not statistically significant (risk ratio: 0.84; 95%CI:
0.63 to 1.12).%” The 2016 NICE draft guideline also recommends against the use of anti-
depressants or neuromodulators such as gabapentin or pregabalin.®* A recent overview of
systematic reviews (n=26 reviews; >25,000 participants) found that anti-depressants were not
effective (<10-point change on 100-point scale pain) for low back pain amongst many other
health conditions.”® For anti-convulsant medications, a systematic review (n=9; 859
participants) found that these medications were ineffective for the treatment of low back pain,
and also found high quality evidence of higher adverse health risks when using these
medications.”! Pharmacological treatments for chronic low back pain should be considered

very cautiously given their lack of efficacy and risk for adverse events.

If primary care treatments such as exercise and psychological therapy are ineffective for an

individual with low back pain, other management approaches such as multi-disciplinary care

could be considered. Multi-disciplinary care involves input from a variety of clinicians such as
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physiotherapists, psychologists, pain specialists, with consideration of lifestyle factors.!®
Multidisciplinary approaches are endorsed in guidelines by American College of Physicians
and American Pain Society®? and the 2016 NICE draft guideline®*. A Cochrane review (n=41;
6858 participants) found that a multi-disciplinary treatment approach was only slightly more
effective for reducing pain, disability, and improving work status when compared to usual
care.’® However, multi-disciplinary care is not cost-effective when compared to other
treatments (e.g., usual care) and is often associated with significantly higher costs than other

£.%

forms of treatment.”” Therefore, multi-disciplinary care should not be considered for first line

care for chronic low back pain given the current evidence.

1.6.5. Stratified care for low back pain

Given the challenges and costs associated with managing chronic low back pain, and the
difficulty of identifying a pathoanatomic diagnosis, the ability to identify those at different risk
levels of experiencing poor outcomes may be important, in attempts to match patients to the
right care (and amount of care) based on their risk level. Tools such as the Keele STarT Back
Screening Tool aim to identify patients with an increased risk of delayed recovery, and to
intervene early with more intensive therapy rather than wait for first-line treatment to fail.**%°
Initial studies from Hill et al 2011°° and Foster et al 2014°* demonstrated small positive results
though only the Hill et al 2011°° study demonstrated statistically significant results (change in
NRS 0-100 scale: 5.5; 95%CI: 2.3 to 8.6 and 2.9; 95%CI: 2.3 to 3.5 points, respectively). The

results of both studies®*?>

suggest that the use of the STarTBack Tool may improve pain and
disability, reduce time off work®, and improve healthcare efficiency®>. However, follow-up
studies have not been able to replicate the earlier results, with many of the follow-up studies

96-104

demonstrating no difference in outcomes. Given the negative results of the replication

studies, the stratified approach to low back pain has recently been challenged. A recent review
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(n=58 studies) found insufficient evidence to support the use of stratification systems (e.g.,

STarTBack Tool) compared to non-targeted interventions for non-specific low back pain.!%

There are several possible reasons for the variable findings across studies investigating the
STarTBack approach. This may potentially be explained by aspects of the design and/or
conduct of those subsequent studies.’®!% For instance, the STarTBack Tool and/or matched
treatment approach may not have been implemented in the subsequent studies in a similar
manner to the original studies.”**> Chapter Seven is a literature review exploring the
differences in study level factors that may explain differences in study results, in studies that

have tested the STarTBack approach for the management of low back pain.

1.6.6. Targeted treatments for non-specific low back pain

Targeted treatments for low back pain are a controversial topic and very little high-quality
research has been done on this topic. One potential way to provide targeted treatments might
be to target a presumed nociceptive or pathoanatomical source (e.g., Modic changes) of low
back pain, with the aim to improve patient outcomes and provide a treatment with long lasting
effects. However, a key challenge is whether treatments targeting a specific nociceptive or
pathoanatomical source will lead to better patient outcomes.!? The current available evidence
on treatments targeting the various potential nociceptive causes of low back pain is explored

below.

A potential source of low back pain is the disc and some studies have attempted to identify the
pathoanatomical changes in the disc with the aim to specifically target these changes during
treatment. For example, Modic type 1 changes are a potential nociceptive source of low back

pain, and some efforts have been made to identify the pathology (e.g., bacterial infection,
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inflammation, and bone marrow oedema) driving the nociceptive cause.’>** A controversial
RCT (n=162) investigated the effectiveness of antibiotic treatment for patients with low back
pain and Modic type 1 changes. The authors reported that patients treated with antibiotics
compared to placebo at 1 year follow-up demonstrated improved pain (pain intensity 0-10: 3.7;
95%CI: 1.3 to 5.8 vs 6.3; 95%CI: 4.0 to 7.7 points respectively) and disability (RMDQ: 7.0;
95%CI: 4.0 to 11.0 vs 14.0 95%CI: 8.0 to 18.0 points respectively).53 These treatment effects
would be considered large, however a replication study was not able to reproduce these

results.!07

The replication trial (n=180) comparing antibiotics to placebo for Modic changes
(type 1 or 2) demonstrated no difference between groups in pain (pain intensity 0-10: 0.3;
95%CI: 0.3 to 0.8) or disability (RMDQ: 1.9; 95%CI: 0.7 to 3.2) outcomes at 3 month follow-

107" A follow-up analysis investigating the effects of antibiotics compared to placebo for

up
those with Modic type 1 changes only found slightly larger effects at one year follow-up
(RMDQ: 2.3; 95%CI: 0.4 to 4.2)."97 A second replication trial from Iraq has now been

withdrawn. 98

Zoledronic acid has been explored as another targeted treatment option for patients with Modic
changes. A proof of principle study (n=103) initially showed that a one-off treatment of
zoledronic acid demonstrated no statistically significant improvement in LBP compared to
placebo (VAS 0-100: 8.2; 95%CI: -2.4 to 18.8) for patients with Modic changes.®* However,
this study’s® biggest limitation was blinding to the treatment received. A recent pilot RCT
(n=25) demonstrated that zoledronic acid compared to placebo at 4-week follow-up had small
improvements on pain (NRS intensity 0-10: 5.1 + 1.9 vs. 6.9 + 1.8 points, respectively).!% It is
important to note that the sample size in the replication study was small (n=25) , improvements

in pain between groups were not seen at longer term follow-up, and in the original study pain

25



improvements were not seen on the visual analogue scale (equivalent to the numeric rating

scale; NRS).!%

Another controversial treatment for low back pain is intradiscal methylene blue injection.
Methylene blue was thought to have a neuro-ablative or possibly anti-inflammatory effect on
the disc through its action on nitric oxide.''® Based upon this rationale, a RCT (n=72)
investigated the effectiveness of methylene blue injection for low back pain targeting the
annular fissure.!'"!''? The results of this RCT demonstrated methylene blue injection was
significantly more effective compared to sham treatment (NRS 0-100 scale: 38.6; 95%CI: 31.5
to 45.6) at 6 months follow-up.!!! However, a high-quality replication RCT (n=84)'!"> was
unable to duplicate these results and found no statistically or clinically significant differences

between groups (NRS 0-100 scale: 2.0; 95%CI: -8.0 to 12.0).

The sacroiliac joint is another potential source of low back pain. Sacroiliac joint intra-articular
and extra-articular steroid injections have been used as a form of targeted treatment for those
with suspected sacroiliac related low back pain. A systematic review (n=11 studies; 6 RCTs,
and 5 non-RCTs) investigated the effectiveness of therapeutic interventions for the sacroiliac
joint in patients with low back pain.''* Of those 11 studies, four studies evaluated intra-articular
injections of which three studies were non-randomised studies. Statistical pooling was not
possible in this study due to the heterogeneity in the data of the included studies in this
review!!*, and due to the limited and poor-quality evidence it was not possible for the review

to recommend the use of sacroiliac joint injections.!!*

Considering the lack of high-quality diagnostic research and limited evidence there appears to

be substantial overuse of treatments targeting specific lumbar structures, such as facet and
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sacroiliac joint injections. For example, a study assessing the utilisation of interventional
management techniques in the US Medicare population reported an increase from 425,000
interventions in 2000 to 2.2 million interventions in 2013, demonstrated a 417% increase in
facet and sacroiliac joint injection uptake.'!'> Fluoroscopic guidance has been recommended
when performing sacroiliac injections, however there is no consensus on what dose or type of

steroid will provide the best therapeutic effect.!!6:117

Radiofrequency ablation is another treatment targeted at the sacroiliac joint. A systematic
review (n=11 RCTs; 253 participants) investigated radiofrequency ablation for chronic low
back pain based on different causes of low back pain (e.g., sacroiliac joint).!'® In this review,
only two RCTs (n=48 participants) investigating radiofrequency ablation for sacroiliac joint
pain were included.''® Of these two RCTs, results for radiofrequency ablation were only
reported in one study, which reduced pain (NRS 0-10 scale: 2.4; SD 2.3) when compared to
sham treatment.!'® The review was limited to two RCTs with a small number of participants
(n=28 and 51 respectively).!'® The MINT trials (n=228 participants in sacroiliac joint trial)
demonstrated that an exercise program with the addition of radiofrequency denervation showed
a small statistically significant improvement in pain (NRS 0-10 scale: 0.71; 95%CI: 0.06 to
1.35) at 3 month follow-up for those with low back pain thought to be originate from the
sacroiliac joint.!!

The facet joint is another potential source of low back pain that could be addressed with.
radiofrequency denervation. A Cochrane review!?® (n=23 RCTs; 1309 participants)
investigated radiofrequency denervation for chronic low back pain and included 12 RCTs
assessing radiofrequency denervation for facet joint pain. Overall, moderate quality evidence

suggests that facet joint radiofrequency ablation has a greater effect on pain compared with
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placebo over the short term (mean difference 0—10-point scale: -1.46; 95%CI: -2.28 to -0.67).12°
The Cochrane review demonstrated the lack of high-quality evidence and lack of primary
data.'?® However, the 2016 NICE draft guidelines endorsed the use of this treatment modality.3*
The MINT trials (n=251 participants in facet joint trial) demonstrated that an exercise program
with the addition of radiofrequency denervation did not improve outcomes, nor was it cost
effective at any follow-up time point for those with low back pain thought to be originating

from the facet joint.!"”

Treatments that aim to target the specific nociceptive causes of low back pain (e.g., antibiotics,
Zoledronic acid, Denosumab, radiofrequency ablation) require more and higher-quality
research regarding their safety and effectiveness. The general consensus in the literature is that
non-specific low back pain has no identifiable pathoanatomical cause, and for this reason, there
is very limited research investigated specific treatment approaches or treatment responses
based on certain pathoanatomical structures. However, further research to better understand the
pathoanatomical structures and causes and mechanisms driving nociception are needed before
we assess and test interventions targeting specific structures or nociceptive sources. Assessing
and implementing interventions that target a specific nociceptive source or structure prior to
gaining knowledge and understanding of the causes and mechanisms behind the
pathoanatomical structures, is unlikely to clarify nor move this field of research forward. These
research approaches present an opportunity to develop and assess treatments that target a

specific cause of non-specific low back pain.

1.6.7. Possible future interventions with greater and longer lasting effects

In other areas of medicine, advances in effective interventions often follow from a better

understanding of the causes and mechanisms of a condition or disease, however this has proven
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121 Ultimately, the aim of a deeper understanding of the

challenging in the low back pain field.
nociceptive or pathoanatomical causes and mechanisms behind a condition or disease is to
develop interventions targeting such causes. The objective of having a deeper understanding
of the nociceptive or pathoanatomical causes and mechanisms is to then develop interventions
with longer lasting effects and improve long term patient outcomes. There are several

approaches that may be helpful to move the field beyond non-specific interventions for low

back pain to improve patient outcomes.

A greater understanding of the pathoanatomical cause(s) of low back pain may lead to new
management approaches that are able to directly target the specific pathoanatomical and
nociceptive sources contributing to low back pain. For example, rheumatoid arthritis was once
a debilitating condition leading to deformities and joint damage, however, advancements in
understanding pathological mechanisms behind rheumatoid arthritis have led to the
development of more targeted, more effective, and safer treatments radically changing the long

term outcomes with fewer adverse reactions.!?%-124

Future research should place greater attention on investigating the pathoanatomical causes of
low back pain and continue research where some promising findings have emerged. For
example, Modic type 1 changes have been shown to be more prevalent in people with low back
pain®%125 and there is also some evidence suggesting those with Modic type 1 changes have
worse prognosis.'?® However, a better understanding of the aetiology and pathogenesis of
Modic type 1 changes (e.g., infection, inflammation, trauma) may allow researchers to explore
more specific and targeted treatments to improve long term patient outcomes. Advancements
in medical technology and imaging in the future may present new research opportunities to

explore the pathoanatomical and nociceptive causes and mechanisms further and help push the

29



field forward, to move beyond non-specific treatments. However, to utilise these
advancements, we must first have a better understanding of the role that diagnostics in low

back pain has in research, and in clinical practice.

1.7. Aims of thesis

The broad aim of this thesis was to identify and address key knowledge gaps in the diagnosis
of low back pain and the role of a diagnosis in the treatment of low back pain. The knowledge
gaps identified included the misconceptions of the term non-specific low back pain and the
available diagnostic tests to screen for vertebral fracture and identify the causes of non-serious
low back pain. I also identified the lack of research surrounding the prognostic relationship
between imaging tests and low back pain and specific treatments available for low back pain
using classification systems. A variety of different methods were used to address this aim,
including systematic reviews with meta-analysis, Cochrane review, literature review, and a

perspective paper.

The specific aims of this thesis were:
1. Explore the origins of the term non-specific low back pain, the misconceptions of the term,
the impact of the term on research and clinical practice, and provide suggestions for future

research to move the field forward (Chapter Two);

2. Investigate the diagnostic accuracy of red flags (index tests) used to screen for the different

types of vertebral fracture in patients presenting with low back pain (Chapter Three and Four);

3. Investigate determine the diagnostic accuracy of diagnostic index tests to identify the disc,

sacroiliac joint, or facet joint as the source of low back pain (Chapter Five);
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5. Investigate whether magnetic resonance imaging can predict future low back pain (Chapter

Six);

6. A Explore the study level factors that have tested the STarTBack treatment approach for the

management of musculoskeletal (Chapter Seven).
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The term non-specific low back pain (NSLBP) entered
medical literature at least six decades ago [1], but seems
misunderstood by some. Two key misunderstandings are:
using the term NSLBP automatically results in non-specific
treatment; and diagnostic research seeking to identify spe-
cific causes (eg, nociceptive sources and causal mecha-
nisms) of low back pain (LBP) is of no value. Our
perspective considers how these misconceptions may have
arisen, explains how these views can impede progress in
science and delivery of quality clinical care, and suggests
directions for future research.

Misunderstanding the intentions of those who coined the
term NSLBP

In 1956 Shaw and Taylor used the term NSLBP to
describe patients where a specific diagnosis was not possi-
ble even after a full clinical examination supplemented by
imaging and laboratory tests [1]. In 1963 Rowe and Roches-
ter noted that a definitive diagnosis for LBP was often
unable to be established [2]. However, the proponents of
the term were not advocating that each patient with NSLBP
should receive the same treatment. Leaders in the field
argued for the need to individualize care for people with
NSLBP. For example, in 1981 McKenzie proposed a classi-
fication system to individualize care for LBP [3]. In 1987
the orthopedic surgeon Waddell promoted the bio-psycho-
social model as an “approach to both the physical and the
psychosocial problems of each individual patient” to assist
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in delivering individualized care in people with NSLBP [4].
Waddell, however, also pointed to the limitations of the
term NSLBP stating the term “is intellectually and scientifi-
cally inadequate and fails to provide any biological basis
for real understanding” [5].

In more recent times some commentators have argued
against the use of the term NSLBP on the grounds that it
leads to non-specific treatment [5,6]. While this position
ignores the position of those who originally coined the
term, there is some evidence to support their concerns. For
example, many current clinical practice guidelines recom-
mend broad treatment approaches such as exercise, medica-
tion, or manual therapy for patients with NSLBP [7], but
provide very little to no information and guidance on how
to choose between these options and how to individualize
these treatments for patients with NSLBP (eg, type or dose
of exercise).

Misunderstanding NSLBP may have impeded
important research

It is possible that misunderstandings about NSLBP have
influenced the types of LBP research that have occurred.
Our view is that research investigating generic interventions
for NSLBP is more common than research evaluating indi-
vidualized care of NSLBP and causes of LBP. The original
proponents used the term NSLBP to highlight the current
diagnostic challenge, but did not suggest it would remain
impossible for all time to identify causes of LBP or
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Fig. 1. Approaches to direct future research towards individualizing care to move beyond generic treatments for NSLBP.

individualize treatment [4], nor did they suggest that
research into these areas should not be undertaken. For
instance, Waddell’s seminal paper suggested that future
research should “develop a rational basis for choosing the
most effective treatment for individual patients [4].”

Some research effort has been made to individualize care
for people with NSLBP or identify subgroups; however,
most of this work has focused on matching patients with
treatments based on prognostic or other patient factors with-
out considering causes or mechanisms. Stratification systems
(eg, McKenzie, Treatment Based Classification, STarT Back
Tool) initially demonstrated small positive effects, however a
recent review found insufficient evidence to support the use
of these systems compared to non-specific interventions for
NSLBP [8]. There has been limited research aiming to iden-
tify the causes and mechanisms of a patient’s LBP, which
has limited the development and testing of specific treatments
targeting these causes and mechanisms.

Current ability to identify specific nociceptive sources of
pain

The current evidence suggests that we lack clinical tests
to specify the nociceptive source (eg, Modic type 1, annular
fissure, facet joint degeneration) responsible for a patient’s
NSLBP [9], however it needs to be recognized that little
research has been conducted in this field. For example Han-
cock et al.’s 2007 [6] systematic review found only 28 stud-
ies that investigated the disc as source of LBP, 8 studies
investigated the facet joint and 7 studies investigated the
SIJ. Few index tests were investigated in more than one
study and study quality was generally poor. This review [9]
is now over 15 years old and to our knowledge only 2
reviews investigating the sacroiliac joint and only 1 review
investigating the disc as the nociceptive source of LBP
have been published since, with a limited number of addi-
tional primary studies.

The diagnostic usefulness of tests to identify the noci-
ceptive source of LBP in clinical practice, particularly to
guide specific treatment selection and improve treatment
outcomes, currently remains unclear [10]. For example, the
review by Steffens et al. 2016 identified only eight low
quality trials that investigated MRI findings as potential
modifiers of the effect of specific interventions [10]. In no
study was this primary aim or was the intervention a conser-
vative intervention [10]. Some research has attempted to
identify the pathoanatomical causes and mechanisms (eg,
infection, trauma, genetics) of LBP with the intent to
develop specific treatments targeting such causes and

mechanisms. For example, Modic Type 1 changes are a
potential nociceptive source of LBP and efforts have been
made to identify the pathology and causal mechanisms (eg,
bacterial infection, inflammation, and bone marrow
oedema) [11]. Treatments that aim to address these causes
and mechanisms (eg, antibiotics, Zoledronic acid, Denosu-
mab) require much further research regarding their safety
and effectiveness; however, these research approaches pres-
ent an opportunity to develop treatments that target a spe-
cific cause of NSLBP.

Future directions for LBP research

There are several research approaches to help us move
beyond non-specific interventions for NSLBP and hopefully
improve patient’s outcomes. In Fig. 1 we present four possi-
ble approaches for individualizing care for patients with
LBP. Our view is that we need a balanced portfolio of LBP
research; however, we believe there should be greater atten-
tion on research investigating the pathoanatomical basis of
LBP (eg, Modic type 1, annular fissure, facet joint degener-
ation) and identifying the causes and mechanisms (eg,
infection, trauma, genetics) of LBP. Advancements in med-
ical technology and imaging in the future may present new
research opportunities to investigate the pathoanatomical
basis of LBP. A greater understanding of the causes (noci-
ceptive sources and causal mechanisms) will likely lead to
new management approaches that directly target the spe-
cific nociceptive source and/or causal mechanisms contrib-
uting to LBP and its consequent disability and help move
past generic interventions. For example, rheumatoid arthri-
tis was once a debilitating condition leading to deformities
and joint damage, however, advancements in understanding
pathological mechanisms behind rheumatoid arthritis have
led to the development of more targeted treatments. Simul-
taneously, we should also continue investigating the effects
of refining treatments based on causal mediators. Recent
studies have identified causal mediators for individuals
with NSLBP (eg, sleep disturbance, psychological distress,
and central sensitization), which are associated with greater
levels of pain [12]. These causal mediators can be used as
targets to refine treatments specific to the patient (eg, cogni-
tive behavioral therapy). Future high-quality studies identi-
fying groups of patients with common causal mediators
may provide promising opportunities to move away from
generic treatments by refining existing treatments (or
develop new treatments) and better match patients to spe-
cific treatments. Further research is needed to determine if
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these approaches will lead to more individualized treat-
ments and better outcomes.

How can clinicians currently individualize care if they
cannot accurately identify the specific cause of a
patient’s pain?

There are some approaches that may help clinicians indi-
vidualize treatment of NSLBP. The evidence-based practice
model has always suggested that clinicians individualize
care by matching the patient to treatments through consider-
ation of the values and preferences of the patient and clini-
cal expertise of the clinician. Consideration of patient
preferences in a shared decision approach provides one
easy way for clinicians to move beyond generic treatments
and instead offer personalized care [13] for NSLBP. Sys-
tematic reviews have shown shared decision-making
improves patient engagement and may improve patient out-
comes [14].

For a proportion of patients their LBP may not be
explained by a pathoanatomical change in a peripheral
structure and may instead be better explained by central
sensitization. Patients classified as having central sensitiza-
tion, will likely require specific treatments targeting the
mechanisms underlying the hyperexcitability of the central
nervous system [15]. Treatments aim to desensitize the cen-
tral nervous system through approaches such as pharmaco-
logical options, electrotherapy targeting the brain, exercise
therapy, cognitive behavioral therapy, and pain neurosci-
ence education [15]. However more research is needed to
support these treatment approaches for patients presenting
with primary central sensitization.

Clinicians can also individualize care by refining treat-
ments and implementing treatments based on the presenting
clinical features of the patient [16,17]. At present there is
some evidence that personalizing care in this way has merit
[17], but requires more investigation. A recent individual
patient data meta-analysis (n=19 trials; 9,328 participants)
[18] found those with higher levels of disability were more
likely to benefit from psychological treatments. Those who
were younger, had higher levels of disability, and low levels
of psychological distress were more likely to benefit from
passive physical treatments. However, other IPD meta-anal-
yses investigating acupuncture (n=39 trials; 20,827 partici-
pants) [19] and spinal manipulative therapy (n=43 trials;
4,223 participants) [20] for NSLBP did not identify patient
characteristics that identified individuals that would gain
greater benefit from those treatments.

Conclusion

Non-specific low back pain is a term we should use now,
but hopefully not forever, or at least for a smaller propor-
tion of patients as research progresses. The common misun-
derstandings about this term have held back progress in
science and clinical practice for LBP. We argue that we

need a balanced portfolio of LBP research and that research
investigating the pathoanatomical basis and causes and
mechanisms of LBP should be part of this portfolio.
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ABSTRACT

Objectives

This is a protocol for a Cochrane Review (diagnostic). The objectives are as follows:

The objective of this review is to assess the diagnostic accuracy of red flags used to screen for vertebral fracture in patients presenting with
low back pain. Where possible, we will report the results of red flags separately for different types of vertebral fracture as follows.

« Osteoporotic vertebral compression fracture
« Vertebral traumatic fracture
« Vertebral stress fracture

Secondary objectives

The secondary objective of this review is to assess the influence of sources of heterogeneity on the diagnostic accuracy of red flag tests,
if appropriate. In particular, we will assess the healthcare setting (e.g. primary, emergency, or secondary care) and the different types of
vertebral fracture (i.e. osteoporotic vertebral compression fracture, vertebral traumatic fracture, and vertebral stress fracture. We will also
assess mean age at different cut-off thresholds (e.g. > 50 years of age versus > 70 years of age) across different studies, as this has previously
been shown to influence results.
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BACKGROUND

Low back pain continues to be the leading cause for years lived
with disability according to The Global Burden of Disease Study
(Wu 2020). It is estimated that 577 million people experience low
back pain globally, and in 2017 the estimated global years lived with
disability was 64.9 million (Wu 2020). It is widely agreed that low
back pain can bevery disablingand impose an enormous social and
economic burden on the community (Buchbinder 2018). Despite
the disability burden of low back pain, most presentations are not
due to a serious underlying condition (Koes 2006), and can be
managed in primary care without further diagnostic investigation
(Oliveira 2018). However, there is an increasing number of low back
pain presentations to emergency departments for care (Ferreira
2021).

Guidelines recommend that a thorough history and clinical
assessment can be used to identify patients with suspicion of
serious pathology (e.g. cauda equina syndrome, spinal tumours,
cancer) who then require further diagnostic work-up to confirm the
diagnosis. In the primary care setting, between 1% and 5% of all
patients who present with low back pain will have a serious spinal
pathology (Downie 2013; Hartvigsen 2018; Henschke 2009; Williams
2013). The prevalence of serious pathology in patients presenting
to the emergency department is thought to be somewhat higher,
one review reporting between 2.5% to 5.1% (Galliker 2019). In both
settings vertebral fractures are amongst the most common serious
pathologies which a clinician needs to screen for.

The use of red flags with high false-positive rates may contribute
to unnecessary imaging and costs in low back pain management
(Williams 2013). On the other hand, red flags with high false-
negative rates can lead to failure to recognise serious pathology,
resulting in delayed testing and treatment, and may increase
patient morbidity (DePalma 2020).

Target condition being diagnosed

Lumbar vertebral fractures can occur in younger people exposed
to trauma (vertebral traumatic fracture) or overuse (vertebral
stress fracture) and in older people with osteoporosis (osteoporotic
vertebral compression fracture). These different types of vertebral
fractures may have different distinguishing clinical histories and
clinical features, and may require different diagnostic work-up and
management.

Lumbar vertebral stress fractures in younger people are thought
to be secondary to chronic low-grade trauma or repetitive loading,
which generally occurs in sport (Algarni 2015). Lumbar vertebral
traumatic fracture generally results from high-energy trauma
(Lee 2016; Marongiu 2018). Osteoporotic vertebral compression
fractures on the other hand can occur from minor trauma or
without any definitive trauma in osteoporotic older people (Lee
2016). Osteoporotic vertebral fractures are associated with a 2- to
8-fold risk of mortality (Schousboe 2016), and a 5-fold increased
risk of sustaining a further vertebral fracture (Marongiu 2018),
and future hip fracture (Warriner 2011). A systematic review of 14
primary care studies (n = 14,860) found the median prevalence
of vertebral fractures in patients presenting with low back pain
was estimated at 3.6% in primary care and 6.5% in secondary and
tertiary care (Downie 2013).

Index test(s)

The purpose of the index test is screening for potential lumbar
vertebral fracture. In patients presenting with low back pain,
clinical practice guidelines generally recommend assessing for the
following red flags to help identify patients with suspicion of
vertebral fracture: major/significant trauma; use of steroids; > 50
years of age; and obvious structural deformity (Verhagen 2016).

Despite the inclusion of several red flags in guidelines, the
usefulness of red flags to screen for serious pathology, such as
fracture, continues to be debated (Grunau 2017; Underwood 2009).
Several red flags endorsed by previous guidelines have poor or
untested diagnostic accuracy with little information on their utility
for clinical practice (Cook 2018), and are based on evidence from
individual studies (Parreira 2019).

In 2013, our group published a Cochrane Review of eight studies
which had evaluated a total of 29 different types of index tests
used to screen patients presenting with low back pain for vertebral
fracture (Williams 2013). Results from individual studies suggest
many of the endorsed red flags, such as thoracic pain and
neurological deficit, were uninformative because these red flags
had a positive and negative likelihood ratio very close to 1 (Williams
2013). There was also variation between studies in estimates of
the diagnostic accuracy of index tests. For example, for significant
trauma, the sensitivity ranged from 0.25 (95% confidence interval
(Cl) 0.03 to 0.65) to 0.65 (95% Cl 0.44 to 0.83) and the specificity
ranged from 0.90 (95% CI 0.86 to 0.93) to 0.98 (95% CI 0.96 to 0.98).
For corticosteroid use the sensitivity ranged from 0.00 (95% CI 0.00
to 0.23) to 0.25 (95% Cl 0.03 to 0.65), however the test was highly
specific (0.99, 95% Cl 0.98 to 1.00). For older age (> 74 years), the
sensitivity ranged from 0.25 to 0.59 and the specificity ranged from
0.84 t0 0.97. The positive likelihood ratios for the different red flags
were: significant trauma - from 3.42 (95% CI 1.57 to 7.45) to 12.85
(95% Cl 8.58 to 19.24); older age - from 3.69 (95% Cl 3.00 to 4.53) to
9.39 (95% Cl 2.69 to 32.75); and corticosteroid use - from 3.97 (95%
C10.20 to 79.15) to 48.50 (95% Cl 11.46 to 204.98).

Red flags used in isolation had modest diagnostic accuracy,
considering they are required to detect a condition that has a low
prevalence. Combinations of red flags seemed more informative
than red flags used alone. For example age > 64 had a positive
likelihood ratio of 7.13 which increased to 14.59 when combined
with female gender (Williams 2013). One red flag in tertiary care
appeared informative with the positive likelihood ratio high for
contusion/abrasion (31.09, 95% CI 18.25 to 52.96). There was
uncertainty about the value of most red flags, as estimates were
imprecise, there was a lack of operational definition for older
age cut-off points between studies, and most red flags were only
evaluated by one study.

Clinical pathway

Most clinical practice guidelines recommend history and physical
examination to identify patients with a higher likelihood of low
back pain due to vertebral fracture (Oliveira 2018), who require
further diagnostic work up. Different types of vertebral fractures
may require different imaging procedures.

The American College of Radiography (ACR) recommends standard
radiography for initial imaging in patients presenting with low
back pain with a suspicion of osteoporotic vertebral compression
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fracture (Patel 2016). Genant's semi-quantitative assessment and
the algorithm-based qualitative approach are methods used
to classify and confirm the presence of a vertebral fracture
on standard radiographs (Genant 1993; Jiang 2004). Computed
tomography (CT) is recommended over a plain radiograph if there is
suspicion of vertebral traumatic fracture or vertebral stress fracture
(Patel 2016).

Due to concerns of radiation exposure from standard radiography
and CT (Berrington de Gonzalez 2009; Wall 2006), vertebral fracture
assessment (VFA) by dual-energy x-ray absorptiometry (DXA) is a
potential alternative to assess osteoporotic and traumatic vertebral
fractures (Lee 2016). However, there is currently insufficient
evidence to replace standard radiography with VFA due to its
reduced ability to detect lower-grade vertebral fractures (Fuerst
2009; Lee 2016; Lems 2021), reduced image resolution (Bazzocchi
2012; Damiano 2006; Schousboe 2006), and numerous potential
sources of error (Johansson 2020).

Magnetic resonance imaging (MRI) is now preferred over CT in
evaluating patients with suspicion of lumbar stress fracture. MRI
can detect bone marrow oedema early, facilitating early diagnosis
of lumbar stress reaction and fracture without radiation exposure
(Ang 2016; Astur 2015). Given that, most patients presenting with
low back pain with suspicion of lumbar stress fracture tend to
be from younger age groups, MRl may be beneficial as first-line
imaging given its high sensitivity and specificity, and no ionising
radiation exposure (Algarni 2015; Astur 2015; Cheung 2018; Murthy
2012). However, the high cost of MRI and potential increase in
downstream expenditure need to be considered (Jarvik 2003).

Alternative test(s)

Apart from a combination of history taking and physical
examination, there are no alternative screening tests for vertebral
fracture in patients presenting with low back pain. Routinely
imaging all patients is possible but is discouraged in current
guidelines (Oliveira 2018).

Rationale

In light of the recent publication of primary diagnostic studies
(de Schepper 2016; Premkumar 2018), and due to the evolving
guidance for the most appropriate methods to systematically
review studies of diagnostic test accuracy (Deeks 2022; Whiting
2011), we aim to update the previous Cochrane Review (Williams
2013). The results of this review will provide researchers and
clinicians with more clarity in the use of red flags when screening
for vertebral fracture in patients presenting with low back pain.

OBJECTIVES

The objective of this review is to assess the diagnostic accuracy of
red flags used to screen for vertebral fracture in patients presenting
with low back pain. Where possible, we will report the results of red
flags separately for different types of vertebral fracture as follows.

« Osteoporotic vertebral compression fracture
« Vertebral traumatic fracture
« Vertebral stress fracture

Secondary objectives

The secondary objective of this review is to assess the influence
of sources of heterogeneity on the diagnostic accuracy of red flag
tests, if appropriate. In particular, we will assess the healthcare
setting (e.g. primary, emergency, or secondary care) and the
different types of vertebral fracture (i.e. osteoporotic vertebral
compression fracture, vertebral traumatic fracture, and vertebral
stress fracture. We will also assess mean age at different cut-off
thresholds (e.g. > 50 years of age versus > 70 years of age) across
different studies, as this has previously been shown to influence
results.

METHODS

Criteria for considering studies for this review
Types of studies

We will consider primary diagnostic studies if they compare the
results of history taking and/or physical examination findings
(index test) with a reference standard test for the identification
of vertebral fracture in patients presenting with low back pain.
We will include studies that report results of red flags separately
for the different types of vertebral fracture or studies that report
combined results for vertebral fractures. We will include studies
including cross-sectional designs that present sufficient data to
allow estimates of diagnostic accuracy (such as sensitivity and
specificity) to be derived. We will contact authors of abstracts and
conference proceedings for the full text; if the full textis unavailable,
we will exclude such studies.

We will exclude case-control studies (i.e. two-gate studies)
that have included some participants (cases) already diagnosed
with vertebral fracture and some participants (controls) without
vertebral fracture as these types of studies may overestimate both
sensitivity and specificity (Whiting 2013).

We will retrieve and include studies published in all languages. If
necessary, we will organise appropriate translation of potentially
eligible articles.

Participants

We will include studies if they evaluate patients presenting to
primary, secondary or tertiary care for management of low back
pain. We will exclude paediatric populations as presentation, risk
factors, and fracture patterns will likely differ compared to adult
populations.

Index tests

Studies evaluating any aspects of the history and/or physical
examination for patients presenting with low back pain will be
eligible for inclusion. This includes all information regarding:

demographic characteristics (e.g. age, gender);

« clinical and medical history (e.g. pain intensity, previous history
of falls); and

« physical examination results (e.g. tenderness on palpation,
muscle strength testing, or lumbar range of motion).

We will include studies if the diagnostic accuracy of individual red
flags are evaluated in isolation, or as part of a combination (e.g.
female sex, > 70 years of age, significant trauma, and prolonged
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steroid use). We will extract or derive indices of diagnostic
performance from data presented in each primary study for each
red flag or combination of red flags. We will exclude studies where
only a 'clinical diagnosis' or 'global clinician judgement' were used
(without specifying which diagnostic tools were used) as clinical
judgement based on undefined parameters is difficult to interpret.

Target conditions

We will include all studies that investigated patients presenting
with low back pain or for lumbar examination and report
appropriate data to calculate an estimate of the diagnotic accuracy
of the prevalence of vertebral fracture. If possible, we will describe
results separately for different types of vertebral fracture (i.e.
osteoporotic vertebral compression fracture, vertebral traumatic
fracture, and vertebral stress fracture).

Where possible, we will attempt to categorise the different types of
vertebral fractures under the following definitions.

« Osteoporotic vertebral compression fracture: insufficiency
fractures (i.e. a fracture due to normal stresses on an abnormal
bone).

« Vertebral traumatic fracture: any vertebral fracture due to a
trauma mechanism in normal bone (e.g. direct force to the
lumbar spine).

« Vertebral stress fracture: fractures as a result of repetitive
trauma over time (i.e. a fracture due to abnormal stresses on a
normal bone).

Reference standards

Where possible, we will extract the reference standard used to
confirm the different types of vertebral fracture separately. If
studies report sufficient data, we will explore how the different
reference standards impact the diagnostic accuracy of the index
test. For traumatic vertebral fractures, CT will be the preferential
reference test. If CT scan is not available, we will use MRI as the
reference test. If neither are used, we will use whichever imaging
modality is presented as the reference standard. For osteoporotic
vertebral fractures and vertebral stress fractures, MRI will be the
preferential reference test. If MRI is not available, we will use
bone scintigraphy with SPECT as the reference test. If neither are
used, we will use whichever imaging modality is presented as the
reference standard. However, we anticipate that most studies will
not separate reference standards based on the different types of
vertebral fracture.

We will also consider clinical follow-up after the initial consultation
as a weaker reference standard if suspected vertebral fracture was
subsequently confirmed by imaging.

Search methods for identification of studies

Electronic searches

The search strategy will be based upon the Williams 2013 Cochrane
Review and updated in collaboration with a librarian. We will search
relevant databases for eligible diagnostic studies from the Williams
2013 search date onwards. We will search the following databases.

« MEDLINE (Ovid, from 1946) (Appendix 1)
« Embase (Appendix 2)
« CINAHL (Appendix 3)

Searching other resources

We will check the reference lists of all included publications.
Forward citation tracking of the included studies will also be
performed through Web of Science, Scopus, and Google Scholar.
We will send the final list of included studies for review by experts
in the field to minimise the risk of missing any relevant studies.

Data collection and analysis
Selection of studies

Two review authors (CSH, AD) will independently apply the
selection criteria to all studies (titles and abstracts) identified from
the literature search. We will exclude clearly irrelevant studies. Two
review authors (CSH, AD) will retrieve and independently assess
full-text publications using the predefined inclusion criteria. All
disagreements will be resolved by consensus, and other review
authors will be consulted if necessary. We will contact relevant
study authors via email if any study information needs to be
clarified. We will record all excluded studies with reasons for their
exclusion and illustrate the study selection process in a PRISMA
diagram (Mclnnes 2018).

Data extraction and management

Two review authors (CSH, AD) will independently extract the
relevant data from the included studies. This will include data on
the characteristics of the included studies such as:

« participant characteristics;
« type of vertebral fracture, if reported;

« types of index tests and reference standards and their
descriptors;

«+ relevant aspects of the study methods;
« data for the assessment of diagnostic accuracy.

Characteristics of participants (and studies) will include details on:

« healthcare setting, e.g. primary care (medical centre,
physiotherapist, chiropractor), emergency departments,
secondary care (outpatient hospital service, medical hospital
services, specialist services);

« inclusion and exclusion criteria;
« enrolment procedures (consecutive or non-consecutive);

« number of patients (including number eligible and enrolled in
the study);

« number of patients receiving the index test and reference
standard;

« number of patients for whom results are reported in the two-by-
two table;

« reasons for withdrawal;

« patient demographics (age, gender, duration, and history of low
back pain).

Test characteristics will include:

type of index test;
« methods of execution of index tests;
« threshold for positive result on an index test;
« experience and expertise of the assessors;
« type of reference standard;
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« cut-off points for diagnosing vertebral fracture on a reference
standard (e.g. quantitative radiographic measures) where
relevant.

Thresholds for 'positive' results on an index test may vary across
studies and some studies may present the diagnostic performance
of an index test at several different cut-off points (e.g. mean age >
50 years versus mean age > 70 years). This will be displayed on a
Receiver Operating Characteristic (ROC) curve. We will extract all
cut-off points from the included studies.

To assess diagnostic accuracy, we will extract diagnostic two-by-
two tables (true positive, false positive, true negative, and false
negative counts) from the publications or reconstruct them using
information from other relevant parameters (sensitivity, specificity,
or predictive values). If the reported sensitivity, specificity, positive
and negative predictive values do not match the reported two-by-
two table data we will report results based on the raw two-by-
two data. However, if there are large discrepancies in the values
calculated from raw two-by-two data and the values presented in
a study, we will first contact the study authors to seek clarification
of the data. If extracting raw data to produce a two-by-two table
is not possible, we will then use the sensitivity and specificity
values reported. Any discrepancies in calculated two-by two data
and values presented in a study will be discussed with the author
team and will be reported in the manuscript. For eligible studies
where we cannot reconstruct the diagnostic two-by-two tables,
we will present them in the review but will not include them
in the quantitative analysis. Two review authors (CSH, AD) will
independently extract the data to ensure adequate reliability of
collected data. For each study, if possible, we will present in tables
aspects of study design, characteristics of the population, index
test, and reference standard, and type of vertebral fracture. Where
a review author is also an author of one of the primary diagnostic
studies, they will not be involved in the data extraction or quality
rating of that study.

Assessment of methodological quality

Two review authors (CSH, AD) will independently assess the
methodological quality of each study using the QUADAS-2 checklist
(Whiting 2011), as recommended by the Cochrane Handbook for
Systematic Reviews of Diagnostic Test Accuracy (Appendix 4; Deeks
2022). The QUADAS-2 checklist consists of four domains: patient
selection, index test, reference standard, and flow and timing. We
will assess all domains for risk of bias and the three domains for
concerns regarding applicability.

The same review authors will classify each item as 'yes' (adequately
addressed); 'no' (inadequately addressed); or 'unclear' (inadequate
detail presented to allow a judgement to be made). Disagreements
will be resolved by discussion and if necessary, by consulting a third
review author (CGM or MJH).

Statistical analysis and data synthesis

Statistical analysis will follow the approaches outlined in Chapter
10 of the Cochrane Handbook for Systematic Reviews of Diagnostic
Test Accuracy (Deeks 2022). Indices of diagnostic performance will
be extracted or derived from data presented in each primary
study for each red flag or combination of red flags. Sensitivity
and specificity of the index test will be the primary measures
of diagnostic test accuracy, both in text and summary of
findings tables. The summary of findings table will include the

following variables, but not limited to: the review question, patient
population, index test, target condition, reference standard, study
quality, included studies characteristics, sensitivity, specificity,
and likelihood ratios. We will generate diagnostic two-by-two
tables, from which we will calculate and present sensitivities and
specificities for each index test with 95% Cls and present these in
forest plots. We will calculate likelihood ratios for each test and use
these as anindication of clinical usefulness. In addition, we will use
a ROC plot of sensitivity versus 1-specificity to display the data. We
will present results of how different pre-test probability cut-offs and
positive or negative results impact post-test probabilities.

We will use the bivariate random-effects model to compute
summary estimates of sensitivity and specificity. This method
accounts for both within-study and between-study variability and
allows for correlation that may exist between sensitivity and
specificity across studies (Harbord 2007; Reitsma 2005). We will
assume a binomial distribution within studies (Chu 2006), and
we will assume the random effects to be normally distributed
across studies. We will restrict these analyses to studies that show
sufficient clinical homogeneity (e.g. same index test and index test
threshold, and a similar definition of vertebral fracture). We will
present summary estimates with a 95% confidence ellipse (i.e. a
bivariate confidence interval) in ROC space. We will use pooled
estimates of sensitivity and specificity to calculate the positive
and negative likelihood ratios for each index test. We will use SAS
version 9.4 (SAS Institute 2013) and Review Manager 5 software
(Review Manager 2020).

For index tests where the cut-off for test positivity varies across
studies, we will use the Hierarchical Summary ROC (HSROC)
method of Rutter and Gatsonis (Rutter 2001) to estimate a summary
curve which we will display graphically. Where a study has data
for more than one cut-off point, we will use the most commonly
reported cut-off point across studies. We will conduct the HSROC
analyses in SAS (SAS Institute 2013).

Investigations of heterogeneity

Several factors can contribute to the heterogeneity in the diagnostic
accuracy of a test across multiple studies. We will investigate the
potential influences of one study level variable at a time, such
as healthcare setting (i.e. primary care, accident and emergency,
secondary care) and different types of vertebral fracture (i.e.
osteoporotic vertebral compression fracture, vertebral traumatic
fracture, and vertebral stress fracture). We chose the healthcare
setting as the prevalence of vertebral fracture may vary depending
on healthcare setting. We chose different types of vertebral fracture
as the diagnostic accuracy of red flags may vary dependent on
the type of fracture. We will aim to pool results separately for
different healthcare settings and for each of the different types of
vertebral fracture, if data are available. If results of independent
red flags are not reported separately, we will report results as a
combination. Where feasible, we will include study level covariates
(e.g. different types of imaging) in the HSROC analysis models
to investigate sources of heterogeneity. Where appropriate we
will clearly acknowledge any unexplained heterogeneity between
studies in the summary of findings table, as per recommendations
of the Cochrane Handbook for Systematic Reviews of Diagnostic Test
Accuracy (Deeks 2022).
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Sensitivity analyses

We will perform a sensitivity analysis to investigate how individual
QUADAS-2 key domains (i.e. patient selection, index test, reference
standard, and flow and timing) affect accuracy estimates. We
will assess whether estimates of sensitivity and specificity are
affected if studies at high risk of bias in either of the QUADAS-2
domains are removed for the sensitivity analysis. If possible, we
will also assess whether estimates of sensitivity and specificity
for diagnostic accuracy differ for the different types of vertebral
fracture.

Assessment of reporting bias

Tests for publication bias in reviews of diagnostic test accuracy
are not routinely used because study size may be related to test
accuracy for reasons other than publication bias (Deeks 2005).
Therefore, we will not report on this.
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APPENDICES

Appendix 1. MEDLINE search strategy

I. Index test: clinical red flags
1. exp Medical History Taking/
2. exp Physical Examination/
3. exp "Wounds and Injuries"/
4. exp Accidental Falls/

5. exp Accidents/

6. physical examination*.tw,kf
7. history.tw,kf

8. red flag*.tw,kf

9. physical test*.tw,kf

10. trauma*.tw,kf

11. injur*.tw,kf

12. (clinical* adj (diagnosis or sign* or significance or symptom* or parameter* or assessment* or finding* or evaluat* or indication* or
examination®)).tw,kf

13. OR/1-12
I1. Population: low back pain

14. exp Back Pain/
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15. exp Low Back Pain/

16. exp Sciatica/

17. exp Sciatic Neuropathy/
18. dorsalgia*.tw,kf

19. backache*.tw,kf

20. lumbago.tw,kf

21. back disorder*.tw,kf

22. (lumb* adj pain).tw,kf

23. coccyx.tw,kf

24. coccydynia.tw,kf

25. sciatica.tw,kf

26. spondylosis.tw,kf
27.0R/14-26

111. Target condition: vertebral fracture
28. Fractures, Bone/

29. Fractures, Stress/

30. Fractures, Spontaneous/
31. Fractures, Compression/
32. Fractures, Closed/

33. Spinal Injuries/

34. Spinal Diseases/

35. fracture*.tw,kf

36. OR/28-35

IV. Limits and search combination
37.(20120401-20170517).ed
38.(2012-2017).yr

39. OR/38-39

40.13 AND 27 AND 36 AND 40

Appendix 2. Embase search strategy

1. exp Anamnesis/

2. exp Physical Examination/
3. exp Physical Performance/
4. exp Accident/

5. physical examination*.tw,kw

6. history.tw,kw
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7. red flag*.tw,kw

8. physical test*.tw,kw
9. trauma*.tw,kw
10. injur*.tw,kw

11. (clinical* adj (diagnosis or sign* or significance or symptom* or parameter* or assessment* or finding* or evaluat* or indication* or
examination®)).tw,kw

12. OR/1-11

I1. Population: low back pain
13. exp Low back Pain/

14. exp Backache/

15. exp Spondylosis/

16. exp Sciatica/

17. exp Ischialgia/

18. dorsalgia.tw,kw

19. back pain.tw,kw

20. backache.tw,kw

21. lumbago.tw,kw

22. back disorder*.tw,kw

23. (lumb* adj pain).tw,kw

24. spondylosis.tw,kw

25. coccyx.tw,kw

26. coccydynia.tw,kw

27. sciatica.tw,kw

28. OR/13-27

111, Target condition: vertebral fracture
29. exp Fracture/

30. exp Spine Fracture/

31. exp Bone Injury/

32. exp Spine Injury/

33. exp Spine Disease/

34, fracture*.tw,kw
35.0R/29-34

IV. Limits and search combination
36.(20120401-20170517).dd

37.(2012-2017).yr
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38. OR/36-37

39.12 AND 28 AND 35 AND 38
40. limit 39 to embase

Appendix 3. CINAHL search strategy

I. Index test: clinical red flags
1. (MH "Patient History Taking")
2. (MH "Diagnostic Tests, Routine")
3. (MM "Physical Examination")

4. (TX "history" or "red flag*" or "physical examination" or "physical test" or "clinical*" or "diagnosis" or TX "sign" or TX "signs" or
TX "significance" or TX "symptom*" or TX "parameter*" or TX "assessment" or TX "finding*" or TX "evaluat*" or TX "indication*" or TX
"examination*")

5.0R/1-4

Il. Population: low back pain
6. (MH "Back Pain+")

7. (MH "Low Back Pain")

8. (MH "Coccyx")

9. (MH "Sciatica")

10. (MH "Lumbar Vertebrae")
11. (MH "Spondylolisthesis")
12. (MH "Spondylolysis")

13. (TX "back pain")

14. (TX "backache")

15. (TX "dorsalgia")

16. (TX "lumbago")

17. (TX "sciatica")

18. (TX "coccyx")

19. (TX "coccydynia")

20. (TX "back disorder*")

21. (TX "lumbago")

22. lumb* w1l pain

23. lumb* n5 pain

24. lumb* n2 vertebra*
25.OR/11-29

11l. Target condition: vertebral fracture
26. (MH "Fractures, Closed") or (MH "Fractures, Compression+") or (MH "Fractures, Spontaneous") or (MH "Fractures, Stress+")

27. (MH "Spinal Fractures+")
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28. (MH "Spinal Injuries")

29. (MH "Spinal Diseases")

30. (MH "Wounds and Injuries")
31. (TX "fracture*")

32. (TX "trauma")

33. (TX "injury")

34. 0R/26-33

IV. Limits and search combination
35.EM 201204-

36. DT 2012-

37. OR/35-36

38.5AND 25 AND 34 AND 37

Appendix 4. QUADAS-2 tool: Risk of bias and applicability judgements

DOMAIN 1: PATIENT SELECTION

A. Risk of bias

Describe methods of patient selection:

« Was a consecutive or random sample of patients enrolled?

Score ‘yes’ if a consecutive series of patients or a random sample has been selected. Details re-
garding setting, in inclusion and exclusion criteria, and preferably number of patients eligible and
excluded should be given. If a mixed population (e.g. primary and secondary care) is used, the
number of participants from each setting will be presented.

Score ‘no’ if healthy controls are used. If non-response is high and selective, or there is clear evi-
dence of selective sampling, this will be scored 'no".

Score ‘unclear’ if insufficient information is given on the setting, selection criteria, or selection
procedure to make a judgement.

Yes/No/Unclear

« Did the study avoid inappropriate exclusions?

Score ‘yes’ if participants were excluded based on the prespecified exclusion criteria or if the ex-
clusion criteria was clearly appropriate for the study population.

Score ‘no’ if inappropriate exclusion criteria are used such as excluding based on gender, or inap-
propriate selection bias occurs.

Score ‘unclear’ if insufficient information is provided to assess this item.

Yes/No/Unclear

Could the selection of patients have introduced bias?
Score 'low’ if all questions are rated as 'yes'.

Score 'high' if any of the questions is rated as ‘no’.

Risk: Low/High/Unclear
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(Continued)

Score 'unclear if any of the questions are reported as ‘unclear’, then there is an unclear risk of bias
and a judgement will be made on whether or not there is sufficient information to make a decision
about the risk of bias.

B. Concerns regarding applicability

Describe included patients (prior testing, presentation, intended use of index test and setting):

We expect that most of the diagnostic studies will include participations appropriate for the review question and would have used
the index tests described in our inclusion criteria. Many of the index tests are applicable across the different healthcare settings.

Is there concern that the included patients do not match the review question? Concern: Low/High/Unclear
Score 'low concern' if participants meet all inclusion criteria or meet 3 out of the 4 criteria.
Score 'high concern' if participants meet 1 or less of the 4 criteria.

Score ‘unclear’ if insufficient information is provided to assess this item.

DOMAIN 2: INDEX TEST(S) (if more than 1 index test was used, please complete for each test)

A. Risk of bias

Describe the index test and how it was conducted and interpreted:

+ Were the index test results interpreted without knowledge of the results of the reference Yes/No/Unclear
standard?

Score ‘yes’ if the results of the index test are interpreted blind to the results of the reference test or
if the sequence of testing is always the same (i.e. the index test is always performed first, followed
by the reference standard), and consequently the index test is interpreted blind of the reference
standard.

Score ‘no’ if the assessor is aware of the results of the reference standard.

Score ‘unclear’ if insufficient information is given on independent or blind assessment of the refer-
ence standard.

« Ifathreshold was used, was it prespecified? Yes/No/Unclear

Score ‘yes’ if it is clear that a prespecified threshold was used e.g. the authors follow a study proto-
col.

Score ‘no’ if a prespecified threshold was not used or different thresholds were used and not pre-
defined.

Score ‘unclear’ if insufficient information is provided to assess this item.

Could the conduct or interpretation of the index test have introduced bias? Risk: Low/High/Unclear
Score 'low' if all questions are rated as 'yes'.
Score 'high' if any of the questions is rated as ‘no’.

Score 'unclear if any of the questions are reported as ‘unclear’, then there is an unclear risk of bias
and a judgement will be made on whether or not there is enough information to make a decision
about the risk of bias.

B. Concerns regarding applicability

Is there concern that the index test, its conduct, or interpretation differ from the review ques- Concern: Low/High/Unclear
tion?
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(Continued)
Score 'low concerns' if the index text performed is the same as specified in the review question
and was intended to assess vertebral fracture.

Score 'high concerns' if the index test performed does not follow what is specified in the review
question and was not intended to assess vertebral fracture.

Score ‘unclear’ if insufficient information is provided to assess this item.

DOMAIN 3: REFERENCE STANDARD

A. Risk of bias

Describe the reference standard and how it was conducted and interpreted:

« Is the reference standard likely to correctly classify the target condition?

Score ‘yes’ if the following criteria is followed. For traumatic vertebral fractures, CT is preferential-
ly used as the reference test. If CT scan is not available, MRl is used as the reference test. For osteo-
porotic vertebral fractures and vertebral stress fractures, MRl is preferential used as the reference
test. If MRl is not available, bone scintigraphy with SPECT is used as the reference test.

Score ‘no’ if consensus among observers, or an unknown combination of the clinical assessment
(‘clinical judgement') is used as reference standard.

Score as ‘unclear’ if insufficient information is given on the reference standard to make an ade-
quate assessment.

Yes/No/Unclear

« Were the reference standard results interpreted without knowledge of the results of the in-
dex test?

Score ‘yes’ if the results of the reference standard are interpreted blind to the results of the in-
dex tests or if the sequence of testing is always the same (i.e. the reference standard is always per-
formed first, followed by the index test) and consequently, the reference standard is interpreted
blind of the index test.

Score ‘no’ if the assessor is aware of the results of the index test.

Score ‘unclear’ if insufficient information is given on independent or blind assessment of the index
test.

Yes/No/Unclear

Could the reference standard, its conduct, or its interpretation have introduced bias?
Score 'low’ if all questions are rated as 'yes'.
Score 'high' if any of the questions is rated as ‘no’

Score 'unclear if any of the questions are reported as ‘unclear’, then there is an unclear risk of bias
and a judgement will be made on whether or not there is sufficient information to make a decision
about the risk of bias.

Risk: Low/High/Unclear

B. Concerns regarding applicability

Is there concern that the target condition as defined by the reference standard does not
match the review question?

Score 'low' concern if the target condition defined by the reference standard matches the tar-
get condition specified in the review.

Score 'high' concern if the target condition defined by the reference standard does not match
the target condition specified in the review.

Score ‘unclear’ if insufficient information is provided to assess this item.

Concern: Low/High/Unclear
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(Continued)

DOMAIN 4: FLOW AND TIMING

A. Risk of bias

Describe any patients who did not receive the index test(s) and/or reference standard or who were excluded from the 2x2 ta-
ble (refer to flow diagram):

Describe the time interval and any interventions between index test(s) and reference standard:

« Was there an appropriate interval between index test(s) and reference standard? Yes/No/Unclear
Score ‘yes’ if the time period between clinical assessment and the reference standard < 1 week.
Score ‘no’ if the time period between clinical assessment and the reference standard is > 1 week.

Score ‘unclear’ if there is insufficient information on the time period between index tests and ref-
erence standard.

« Did all patients receive the same reference standard? Yes/No/Unclear

Score ‘yes’ if it is clear that all patients receiving the index test are subjected to the same reference
standard.

Score ‘no’ if different reference standards are used or if only some patients are subjected to the
reference standard.

Score ‘unclear’ if insufficient information is provided to assess this item.

+ Were all patients included in the analysis? Yes/No/Unclear
Score ‘yes’ if it is clear that all recruited patients (> 95%) were included in the analysis.

Score ‘no’ if the number of patients recruited differs (> 5% difference) from the number of patients
included for analysis.

Score ‘unclear’ if insufficient information is provided to assess this item.

Could the patient flow have introduced bias? Risk: Low/High/Unclear
Score 'low' if all questions are rated as 'yes"
Score 'high' if any of the questions is rated as ‘no’.

Score 'unclear if any of the questions are reported as ‘unclear’, then there is an unclear risk of bias
and a judgement will be made on whether or not there is sufficient information to make a decision
about the risk of bias.

CT: computed tomography; MRI: magnetic resonance imaging; SPECT: single-photon emission computed tomography.
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ABSTRACT

Background

Low back pain is a common presentation across different healthcare settings. Clinicians need to confidently be able to screen and identify
people presenting with low back pain with a high suspicion of serious or specific pathology (e.g. vertebral fracture). Patients identified
with an increased likelihood of having a serious pathology will likely require additional investigations and specific treatment. Guidelines
recommend a thorough history and clinical assessment to screen for serious pathology as a cause of low back pain. However, the diagnostic
accuracy of recommended red flags (e.g. older age, trauma, corticosteroid use) remains unclear, particularly those used to screen for
vertebral fracture.

Objectives

To assess the diagnostic accuracy of red flags used to screen for vertebral fracture in people presenting with low back pain. Where possible,
we reported results of red flags separately for different types of vertebral fracture (i.e. acute osteoporotic vertebral compression fracture,
vertebral traumatic fracture, vertebral stress fracture, unspecified vertebral fracture).

Search methods

We used standard, extensive Cochrane search methods. The latest search date was 26 July 2022.

Selection criteria

We considered primary diagnostic studies if they compared results of history taking or physical examination (or both) findings (index
test) with a reference standard test (e.g. X-ray, magnetic resonance imaging (MRI), computed tomography (CT), single-photon emission
computerised tomography (SPECT)) for the identification of vertebral fracture in people presenting with low back pain. We included index
tests that were presented individually or as part of a combination of tests.

Red flags to screen for vertebral fracture in people presenting with low back pain (Review) 1
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Data collection and analysis

Two review authors independently extracted data for diagnostic two-by-two tables from the publications or reconstructed them using
information from relevant parameters to calculate sensitivity, specificity, and positive (+LR) and negative (-LR) likelihood ratios with 95%
confidence intervals (Cls). We extracted aspects of study design, characteristics of the population, index test, reference standard, and type
of vertebral fracture. Meta-analysis was not possible due to heterogeneity of studies and index tests, therefore the analysis was descriptive.
We calculated sensitivity, specificity, and LRs for each test and used these as an indication of clinical usefulness. Two review authors
independently conducted risk of bias and applicability assessment using the QUADAS-2 tool.

Main results

Thisreview is an update of a previous Cochrane Review of red flags to screen for vertebral fracture in people with low back pain. We included
14 studies in this review, six based in primary care, five in secondary care, and three in tertiary care. Four studies reported on 'osteoporotic
vertebral fractures', two studies reported on 'vertebral compression fracture', one study reported on 'osteoporotic and traumatic vertebral
fracture', two studies reported on 'vertebral stress fracture', and five studies reported on 'unspecified vertebral fracture'. Risk of bias was
only rated as low in one study for the domains reference standard and flow and timing. The domain patient selection had three studies
and the domain index test had six studies rated at low risk of bias. Meta-analysis was not possible due to heterogeneity of the data. Results
from single studies suggest only a small number of the red flags investigated may be informative.

In the primary healthcare setting, results from single studies suggest 'trauma' demonstrated informative +LRs (range: 1.93 to 12.85) for
'unspecified vertebral fracture' and 'osteoporotic vertebral fracture' (+LR: 6.42, 95% CI 2.94 to 14.02). Results from single studies suggest
'older age' demonstrated informative +LRs for studies in primary care for 'unspecified vertebral fracture' (older age greater than 70 years:
11.19, 95% CI 5.33 to 23.51). Results from single studies suggest 'corticosteroid use' may be an informative red flag in primary care
for 'unspecified vertebral fracture' (+LR range: 3.97, 95% CI 0.20 to 79.15 to 48.50, 95% Cl 11.48 to 204.98) and 'osteoporotic vertebral
fracture' (+LR: 2.46, 95% Cl 1.13 to 5.34); however, diagnostic values varied and Cls were imprecise. Results from a single study suggest
red flags as part of a combination of index tests such as 'older age and female gender' in primary care demonstrated informative +LRs for
'unspecified vertebral fracture' (16.17,95% Cl 4.47 to 58.43).

In the secondary healthcare setting, results from a single study suggest 'trauma' demonstrated informative +LRs for 'unspecified vertebral
fracture' (+LR: 2.18, 95% Cl 1.86 to 2.54) and 'older age' demonstrated informative +LRs for 'osteoporotic vertebral fracture' (older age
greater than 75 years: 2.51, 95% Cl 1.48 to 4.27). Results from a single study suggest red flags as part of a combination of index tests such
as 'older age and trauma' in secondary care demonstrated informative +LRs for 'unspecified vertebral fracture' (+LR: 4.35, 95% Cl 2.92
to 6.48). Results from a single study suggest when '4 of 5 tests' were positive in secondary care, they demonstrated informative +LRs for
'osteoporotic vertebral fracture' (+LR: 9.62,95% Cl 5.88 to 15.73).

In the tertiary care setting, results from a single study suggest 'presence of contusion/abrasion' was informative for 'vertebral compression
fracture' (+LR: 31.09, 95% CI 18.25 to 52.96).

Authors' conclusions

The available evidence suggests that only a few red flags are potentially useful in guiding clinical decisions to further investigate people
suspected to have a vertebral fracture. Most red flags were not useful as screening tools to identify vertebral fracture in people with low
back pain. In primary care, 'older age' was informative for 'unspecified vertebral fracture', and 'trauma' and 'corticosteroid use' were both
informative for 'unspecified vertebral fracture' and 'osteoporotic vertebral fracture'. In secondary care, 'older age' was informative for
'osteoporotic vertebral fracture' and 'trauma' was informative for 'unspecified vertebral fracture'. In tertiary care, 'presence of contusion/
abrasion' was informative for 'vertebral compression fracture'. Combinations of red flags were also informative and may be more useful
than individual tests alone. Unfortunately, the challenge to provide clear guidance on which red flags should be used routinely in clinical
practice remains. Further research with primary studies is needed to improve and consolidate our current recommendations for screening
for vertebral fractures to guide clinical care.

PLAIN LANGUAGE SUMMARY

Use of red flags to screen for vertebral fractures in people with low back pain
Key messages

-Thefour best red flags for vertebral fractures in people with low back pain were corticosteroid use (e.g. medicines that can weaken bones),
older age (e.g. aged above 70 years), trauma (e.g. a fall), and a contusion (bruising) or abrasion (cuts and grazes).

- More research is needed to identify the best red flags or combination of red flags to screen for spinal fractures.
Red flags to screen for spinal fractures

Red flags for spinal fractures are signs and symptoms found by a health professional (e.g. doctor, physiotherapist) during an examination
that warn that something is wrong within the spine (backbone). The accuracy of red flags is important, as low-quality tests can lead to
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incorrect diagnosis and treatment. On the one hand, if the tests are not accurate, people without a spinal fracture (break) may undergo
unnecessary imaging (e.g. X-ray, magnetic resonance imaging that uses radio waves to produce detailed images of the inside of the body).
Some of these imaging methods lead to radiation exposure, extra costs, and added worry for the patient. On the other hand, missing a
spinal fracture will result in a delay in receiving treatment and reduce quality of life. Therefore, identifying the most accurate red flags to
screen for spinal fractures is needed.

What did we want to find out?

We wanted to assess how accurate the red flags used to screen for spinal fracture are in people presenting with low back pain. Where
possible, we reported results of red flags separately for the different types of spinal fracture, such as osteoporotic vertebral compression
fractures (e.g. fractures due to osteoporosis), vertebral traumatic fracture (e.g. due to falls), vertebral stress fracture (e.g. rapid increase in
load on the spine), or unspecified vertebral fracture (e.g. no specific cause reported).

What did we do?

We updated a previous Cochrane Review. We searched for studies that investigated the accuracy of red flags across different healthcare
settings. We included studies that compared results of history taking and physical examination (or both) (known as index tests or red flags)
with different types of imaging (known as the reference standard) to identify spinal fractures in people with low back pain. We also included
studies if they reported on the results of red flags separately for the different types of spinal fractures.

What did we find?

Fourteen studies investigated different red flags used to identify spinal fractures, and most of the red flags were not accurate or useful.
Overall, the four best red flags found were corticosteroid use (e.g. medicines that can weaken bones), person's age (e.g. aged above 70
years), trauma (e.g. a fall), and a contusion (bruising) or abrasion (cuts and grazes).

In the primary healthcare setting (e.g. general practitioners), 'trauma’ as a red flag was best to screen for 'unspecified spinal fracture' and
'osteoporotic spinal fracture'. 'Older age' as a red flag was best to screen for 'unspecified spinal fracture' in primary care. 'Corticosteroid
use' may be useful as a red flag in primary care to screen for 'unspecified spinal fracture' and 'osteoporotic spinal fracture'. Red flags as
part of a combination of index tests such as 'older age and female gender' as a red flag in primary care is best to screen for 'unspecified
spinal fracture'.

In the secondary healthcare setting (e.g. specialists and consultants), 'trauma' as a red flag is best to screen for 'unspecified spinal fracture'
and 'older age' for 'osteoporotic spinal fracture'. Red flags as part of a combination of index tests such as 'older age and trauma' in secondary
care as a red flag is best to screen for 'unspecified spinal fracture'. When 'four of five tests' are positive in secondary care as a red flag, it
may be used to screen for 'osteoporotic spinal fracture".

In the tertiary care setting (e.g. specialised care in a hospital setting), the 'presence of contusion/abrasion' as a red flag was best to screen
for 'spinal compression fracture'.

What are the limitations of the evidence?

Alimitation of our review is that most of the included studies were different in terms of the healthcare setting they were performed in, used
different study designs, or presented data for different types of spinal fracture, which made drawing conclusions difficult. Many of the red
flags investigated were from single studies and few studies investigated the same index tests. There was also little uniform agreement on
the definition of red flags (e.g. for corticosteroids, it was not clear how long and how much was used), which may explain why the accuracy
of some red flags varied from study to study. Some red flags may also affect different types of spinal fractures differently; however, this
was not clearly reported in most cases.

How up to date is this evidence?

The evidence is up to date to July 2022.

Red flags to screen for vertebral fracture in people presenting with low back pain (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Results of potentially useful red flags

Review question: what is the accuracy of red flags to screen for vertebral fracture in people presenting with low back pain or for lumbar examination?

Patient population: people with low back pain or requiring examination of the lumbar spine when presenting to care in primary, secondary, or tertiary settings

Index tests: all relevant features taken during a history or physical examination

Target condition: vertebral fracture

Reference standard: diagnostic imaging (MRI, CT, X-ray, bone scan)

Included studies: 4 prospective cohorts, 4 retrospective chart reviews

Main limitations: small number of studies included; large heterogeneity between studies and index tests precluded pooling of results; descriptive analysis presented; inad-

equate reporting of methods

Population Reference Number of Sensitivity Specificity +LR (95% ClI) -LR (95% ClI)
standard studies with (95% Cl) or (95% Cl) or
high risk range of esti- range of esti-
of bias per mates? mates?
QUADAS-2 do-
main: partic-
ipant selec-
tion/index
test/ reference
standard/flow
and timing
Results: single red flags
Primary care: 1 study Follow-up with 0/0/0/1 0.50 (0.16 to 0.96 (0.94 to 11.19(5.33 to 0.52 (0.26 to
diagnostic 0.84) 0.97) 23.51) 1.05)
No. of participants: 1172 imaging
Index test: age > 70 years
Primary care: 2 studies X-ray, follow-up  0/0/0/1 Range: 0.25- Range: 0.84- Range: 3.69- Range: 0.49-
with diagnostic 0.59 0.97 9.39 0.77

No. of participants: 3179

Index test: age > 74 years

imaging
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Primary care: 3 studies X-ray, follow-up ~ 2/0/2/2 Range: 0.00- Range: 0.93- Range: 2.46- Range: 0.75-
with diagnostic 0.25 0.99 48.50 0.98
No. of participants: 2152 imaging
Index test: history of corticosteroid use
Primary care: 4 studies X-ray, follow-up  2/0/2/2 Range: 0.21- Range: 0.89- Range: 1.93- Range: 0.37-
with diagnostic 0.65 0.98 12.85 0.88
No. of participants: 3023 imaging
Index test: trauma
Secondary care: 1 study Imagingb 0/0/0/0 0.31(0.27to 0.80(0.79to 1.55(1.36to 0.86 (0.82to
0.35) 0.81) 1.76) 0.91)
No. of participants: 9940
Index test: age > 70 years
Secondary care: 1 study X-ray 0/0/0/0 0.25(0.21to 0.89 (0.88 to 2.18 (1.86 to 0.85(0.81 to
0.29) 0.89) 2.54) 0.89)
No. of participants: 9940
Index test: trauma
Tertiary care: 3 studies X-ray 0/1/0/0 Range: 0.07- Range: 0.51- Range: 0.18- Range: 0.12-
1.00 0.60 1.93 1.54
No. of participants: 1142
Index test: trauma
Tertiary care: 1 study X-ray 0/0/0/0 0.85(0.70 to 0.97 (0.95 to 31.09 (18.25to 0.15(0.07 to
0.94) 0.98) 52.96) 0.32)
No. of participants: 552
Index test: contusion/abrasion
Results: combined red flags
Primary care: 2 studies X-ray, follow-up ~ 0/0/0/1 Range: 0.59- Range: 0.79- Range: 2.75- Range: 0.39-
with diagnostic 0.63 0.96 14.58 0.52
No. of participants: 3182 imaging
Index test: female and age > 64 years
Primary care: 2 studies X-ray, follow-up ~ 0/0/0/1 Range: 0.25- Range: 0.90- Range: 4.36- Range: 0.62-
with diagnostic 0.45 0.98 16.17 0.76

No. of participants: 3280

imaging
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Index test: female and age > 74 years

Primary care: 1 study Follow-up with 0/0/0/1 0.63(0.24 to 0.96 (0.95 to 15.48 (8.45 to 0.39 (0.16 to
diagnostic 0.91) 0.97) 28.36) 0.96)

No. of participants: 1172 imaging

Index test: 2/4 red flags positive (Henschke)c

Secondary care: 1 study Imagingb 0/0/0/0 0.05 (not re- 0.99 (not re- 4.35(2.92to 0.96 (0.94 to
ported) ported) 6.48) 0.98)

No. of participants: 9940

Index test: age > 70 and Trauma

Secondary care: 1 study X-ray or CT 0/0/0/1 0.37 (0.22 to 0.96 (0.95 to 9.62 (5.88 to 0.66 (0.52 to
0.54) 0.97) 15.73) 0.84)

No. of participants: 1448

Index test: 4/5 features positive (Roman)d

Tertiary care: 1 study X-ray 0/0/0/0 0.29 (0.04 to 0.98 (0.93 to 14.43 (2.38 to 0.73(0.46 to
0.71) 1.00) 87.64) 1.15)

No. of participants: 108

Index test: trauma and neurological signs

Cl: confidence interval; CT: computed tomography; LR: likelihood ratio; MRI: magnetic resonance imaging.

a Sensitivity and specificity are the point estimate and 95% Cl when only one study investigated an index test and the point estimate range when multiple studies investigated

the same test.
b Imaging type not reported.

¢ Henschke combination: age > 70 years, significant trauma, prolonged corticosteroid use, altered sensation from the trunk down.
d Roman combination: age > 52 years, no leg pain present, body mass index < 23, does not exercise regularly, female gender.
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BACKGROUND

Low back pain continues to be the leading cause for years lived
with disability according to the Global Burden of Disease Study
(Wu 2020). It is estimated that 577 million people experience low
back pain globally, and in 2017 the estimated global years lived
with disability was 64.9 million (Wu 2020). It is widely agreed that
low back pain can be very disabling and impose an enormous
social and economic burden on the community (Buchbinder 2018).
Despite the disability burden of low back pain, it is rare for
presentations to be due to a serious underlying condition (e.g.
cauda equina syndrome, spinal tumours, and cancer) (Hartvigsen
2018). Most presentations can be managed in primary care without
further diagnostic investigation (Oliveira 2018). However, there is
an increasing number of low back pain presentations to emergency
departments (Ferreira 2021).

Guidelines recommend that a thorough history and clinical
assessment be used to identify people with suspicion of serious
pathology who then require further diagnostic work-up to confirm
the diagnosis. In the primary care setting, between 1% and 5% of
all people who present with low back pain will have a serious spinal
pathology (Downie 2014; Hartvigsen 2018; Henschke 2009; Williams
2013). The prevalence of serious pathology in people presenting to
the emergency department is thought to be somewhat higher, one
review reporting figures between 2.5% and 5.1% (Galliker 2019). In
both primary care and emergency department settings vertebral
fractures are amongst the most common serious pathologies which
a clinician needs to screen for.

The use of red flags with high false-positive rates may contribute
to unnecessary imaging and costs in low back pain management
(Williams 2013). In contrast, red flags with high false-negative rates
can lead to failure to recognise serious pathology, resulting in
delayed testing and treatment, and may increase patient morbidity
(DePalma 2020).

Target condition being diagnosed

Lumbar vertebral fractures can include vertebral traumatic
fractures, vertebral stress fractures, and acute osteoporotic
vertebral compression fractures. These three types of vertebral
fractures may have different distinguishing clinical histories and
clinical features, and may require different diagnostic work-up and
management.

Lumbar vertebral stress fractures are thought to be secondary
to chronic low-grade trauma or repetitive loading, which may
occur in sport or training of new military recruits (Algarni 2015).
Lumbar vertebral traumatic fracture generally results from high-
energy trauma (Lee 2016; Marongiu 2018). Osteoporotic vertebral
compression fractures can occur from minor trauma (e.g. fall from
a standing height or less) or without any definitive trauma (e.g.
non-acute fracture) in older people with osteoporosis (Lee 2016).
Osteoporotic vertebral fractures are associated with a two- to eight-
fold risk of mortality (Schousboe 2016), and a five-fold increased
risk of sustaining a further vertebral fracture (Marongiu 2018), and
future hip fracture (Warriner 2011). One systematic review of 14
primary care studies (14,860 adults aged 50 years and older) found
the median prevalence of vertebral fractures in people presenting
with low back pain was estimated at 3.6% in primary care and 6.5%
in secondary and tertiary care (Downie 2014).

Index test(s)

The purpose of the index test is screening for lumbar vertebral
fracture. In people presenting with low back pain, clinical practice
guidelines generally recommend assessing for the following red
flags to help identify people with a greater suspicion of vertebral
fracture: major/significant trauma, use of corticosteroids, greater
than 50 years of age, and obvious structural deformity (Verhagen
2016).

Despite the inclusion of several red flags in guidelines, the
usefulness of red flags to screen for serious pathology, such as
fracture, continues to be debated (Grunau 2017; Underwood 2009).
Several red flags endorsed by previous guidelines have low or
untested diagnostic accuracy with little information on their utility
for clinical practice (e.g. dose and duration of corticosteroid use not
reported) (Cook 2018), or are based on evidence from single studies
only (Parreira 2019).

In 2013, our group published a Cochrane Review of eight studies
which evaluated 29 different index tests used to screen people
presenting with low back pain for vertebral fracture (Williams 2013).
Results from individual studies suggested many of the endorsed
red flags, such as thoracic pain and neurological deficit, were
uninformative because these red flags had both positive (+LR)
and negative (-LR) likelihood ratios very close to 1 (Williams
2013). A +LR or -LR close to 1 indicates that the test does not
substantially increase or decrease the likelihood of a fracture being
present (if positive) or absent (if negative) (Deeks 2004). There was
also variation between studies in the estimates of the diagnostic
accuracy of the index tests. For example, for significant trauma,
the sensitivity ranged from 0.25 (95% confidence interval (Cl) 0.03
to 0.65) to 0.65 (95% CI 0.44 to 0.83) and the specificity ranged
from 0.90 (95% CI 0.86 to 0.93) to 0.98 (95% Cl 0.96 to 0.98). For
corticosteroid use, the sensitivity ranged from 0.00 (95% Cl 0.00
to 0.23) to 0.25 (95% Cl 0.03 to 0.65), however the test was highly
specific (0.99, 95% Cl 0.98 to 1.00). For older age (greater than 74
years), the sensitivity ranged from 0.25 to 0.59 and the specificity
ranged from 0.84 to 0.97. The +LRs for the different red flags were:
significant trauma (from 3.42 (95% Cl 1.57 to 7.45) to 12.85 (95%
Cl 8.58 to 19.24)); older age (from 3.69 (95% CI 3.00 to 4.53) to 9.39
(95% ClI 2.69 to 32.75)); and corticosteroid use (from 3.97 (95% Cl
0.20 to 79.15) to 48.50 (95% Cl 11.46 to 204.98)).

Red flags used in isolation had only modest diagnostic accuracy.
Combinations of red flags seemed more informative than red flags
used alone. For example, age greater than 64 years had a +LR
of 7.13 which increased to 16.17 when combined with female
gender (Williams 2013). However, when combining red flags, the
imprecision of the estimates also increased. One red flag in a
tertiary care setting appeared informative with a high +LR for
contusion/abrasion (31.09, 95% Cl| 18.25 to 52.96). Overall, there
was uncertainty about the value of most red flags, as estimates
were imprecise, there was a lack of agreement for older age cut-off
points between studies and an overall lack of uniform agreement
of definitions of index tests, and most red flags were only evaluated
within a single study.

Clinical pathway

Most clinical practice guidelines recommend history and physical
examination to identify people with a higher likelihood of low
back pain due to vertebral fracture (Oliveira 2018), who require
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further diagnostic work-up. Different types of vertebral fractures
may require different imaging procedures.

The American College of Radiology (ACR) recommends standard
radiography for initial imaging in people presenting with low
back pain with a suspicion of osteoporotic vertebral compression
fracture (Patel 2016). Genant's semi-quantitative assessment and
the algorithm-based qualitative approach are methods used
to classify and confirm the presence of a vertebral fracture
on standard radiographs (Genant 1993; Jiang 2004). Computed
tomography (CT) is recommended over a plain radiograph if there
is suspicion of vertebral traumatic fracture and bone scan with
single-photon emission computerised tomography (SPECT) if there
is suspicion of vertebral stress fracture (Patel 2016).

Due to concerns of radiation exposure from standard radiography
and CT (Berrington de Gonzalez 2009; Wall 2006), vertebral
fracture assessment by dual-energy X-ray absorptiometry (DXA) is
a potential alternative to assess for osteoporotic and traumatic
vertebral fractures (Lee 2016). However, there is currently
insufficient evidence to replace standard radiography with DXA
or CT due to its reduced ability to detect lower-grade vertebral
fractures (Fuerst 2009; Lee 2016; Lems 2021), reduced image
resolution (Bazzocchi 2012; Damiano 2006; Schousboe 2006), and
numerous potential sources of error (Johansson 2020).

Magnetic resonance imaging (MRI) is now preferred over CT in
evaluating people with suspicion of lumbar stress fracture. MRI
can detect bone marrow oedema early, facilitating early diagnosis
of lumbar stress reaction and fracture without radiation exposure
(Ang2016; Astur 2015). Given that, most people presenting with low
back pain with suspicion of lumbar stress fracture tend to be from
younger age groups, MRl may be beneficial as first-line imaging
given its high sensitivity and specificity, and non-ionising radiation
(Algarni 2015; Astur 2015; Cheung 2018; Murthy 2012). However,
the higher cost of MRI and potential increase in downstream
expenditure need to be considered (Jarvik 2003).

Prior test(s)

In this review on index tests to screen for vertebral fracture, no prior
tests are required as the index tests are used in the initial screening
toincrease suspicion of vertebral fracture in people presenting with
low back pain.

Role of index test(s)

Index tests are used as screening tests, that is to rule in vertebral
fracture in order to identify those who may require further
diagnostic testing and specialised care. However, index tests are
also used as screening tests to rule out vertebral fracture in order to
reduce unnecessary imaging, treatments, and costs.

Alternative test(s)

Apart from a combination of history taking and physical
examination, there are no alternative screening tests for vertebral
fracturein people presenting with low back pain. Routinely imaging
all people with low back pain would overburden healthcare
systems and is discouraged in current guidelines (Oliveira 2018).

Rationale

In light of the publication of primary diagnostic studies (de
Schepper 2016; Premkumar 2018), and due to the evolving

guidance for the most appropriate methods to systematically
review studies of diagnostic test accuracy (Deeks 2022; Whiting
2011), we aimed to update the previous Cochrane Review (Williams
2013). The results of this review will provide researchers and
clinicians with more clarity in the use of red flags when screening
for vertebral fracture in people presenting with low back pain in
primary, secondary, and tertiary care settings.

OBJECTIVES

To assess the diagnostic accuracy of red flags used to screen for
vertebral fracture in people presenting with low back pain. Where
possible, we reported results of red flags separately for different
types of vertebral fracture (i.e. acute osteoporotic vertebral
compression fracture, vertebral traumatic fracture, vertebral stress
fracture, unspecified vertebral fracture).

Secondary objectives

To assess the influence of sources of heterogeneity on the
diagnostic accuracy of red flag tests, if appropriate. In particular,
if possible, we explored heterogeneity within the different types of
vertebral fracture (i.e. osteoporotic vertebral compression fracture,
vertebral traumatic fracture, and vertebral stress fracture) due
to factors such as healthcare setting (e.g. primary, emergency,
or secondary care). We also aimed to assess the mean age of
participants in each included study at different cut-off thresholds
(e.g. greater than 50 years of age versus greater than 70 years of
age) across different studies, as this has previously been shown to
influence results.

METHODS

Criteria for considering studies for this review
Types of studies

We considered primary diagnostic studies if they compared the
results of history taking and physical examination (or both) findings
(index test) with a reference standard test for the identification
of vertebral fracture in people presenting with low back pain. We
included studies that reported results of red flags separately for
the different types of vertebral fracture or studies that reported
combined results for vertebral fractures. We included studies of
cross-sectional designs that presented sufficient data to allow
estimates of diagnostic accuracy (such as sensitivity and specificity)
to be derived. We contacted authors of abstracts and conference
proceedings for the full text; if the full text was unavailable, we
excluded such studies.

We excluded studies with participants diagnosed with pathological
vertebral fractures (e.g. malignant fractures). We excluded case-
control studies (i.e. two-gate studies) that had included some
participants (cases) already diagnosed with vertebral fracture and
some participants (controls) without vertebral fracture as these
types of studies may overestimate both sensitivity and specificity
(Whiting 2013).

We retrieved and included studies published in any language.
If necessary, we organised appropriate translation of potentially
eligible articles.
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Participants

We included studies if they evaluated adolescents (from the age
of 15 years and over) or adults presenting to primary, secondary,
or tertiary care for management of low back pain. We excluded
paediatric populations as presentation, risk factors, and fracture
types would likely differ compared to adult populations.

Index tests

Studies evaluating any aspects of the history or physical
examination (or both) for people presenting with low back pain
were eligible for inclusion. This included all information regarding:

« demographic characteristics (e.g. age, gender);

« clinical and medical history (e.g. pain intensity, previous history
of falls, previous or current medication use);

« physical examination results (e.g. tenderness on palpation,
muscle strength testing, or lumbar range of motion).

We included studies if the diagnostic accuracy of individual red
flags was evaluated in isolation, or as part of a combination (e.g.
female sex, greater than 70 years of age, significant trauma, and
prolonged corticosteroid use). We extracted or derived indices
of diagnostic performance from data presented in each primary
study for each red flag or combination of red flags. We excluded
studies that used only a 'clinical diagnosis' or 'global clinician
judgement' (without specifying which diagnostic features were
considered) as the diagnostic accuracy of clinical judgement based
on undefined parameters is difficult to interpret.

Target conditions

We included studies that investigated people presenting with low
back pain or for lumbar examination and reported appropriate
data to calculate an estimate of the diagnostic accuracy of tests for
vertebral fracture. Where possible, we described results separately
for different types of vertebral fracture (i.e. osteoporotic vertebral
compression fracture, vertebral traumatic fracture, and vertebral
stress fracture).

Where possible, we attempted to categorise the different types of
vertebral fractures under the following definitions.

« Acute osteoporotic vertebral compression fracture: insufficiency
fractures (i.e. a fracture due to normal stresses on an abnormal
bone).

« Vertebral traumatic fracture: any vertebral fracture due to a
trauma mechanism in normal bone (e.g. direct force to the
lumbar spine).

« Vertebral stress fracture: fractures as a result of repetitive
trauma over time (i.e. a fracture due to abnormal stresses on a
normal bone).

« Unspecified vertebral fracture: if the type of fractures was not
specified we referred to this as unspecified vertebral fracture.

If it was not possible to differentiate between the different types
of vertebral fractures in the included studies, then we categorised
these fractures as 'unspecified vertebral fractures'.

Reference standards

If studies reported sufficient data, we explored how the different
reference standards impacted the diagnostic accuracy of the index
test. For traumatic vertebral fractures, CT was used as the preferred
reference test. If CT scan was not available, we used MRI as the
reference test. If neither was used, we used whichever imaging
modality was presented as the reference standard (e.g. X-ray). For
osteoporotic vertebral fractures and vertebral stress fractures, we
used MRl as the preferred reference test. If MRl was not available, we
used bone scintigraphy with SPECT as the reference test. If neither
was used, we used whichever imaging modality was presented as
the reference standard (e.g. X-ray). However, we anticipated that
most studies would not separate reference standards based on the
different types of vertebral fracture.

We also considered clinical follow-up after the initial consultation
as a weaker reference standard if suspected vertebral fracture was
subsequently confirmed by imaging.

Search methods for identification of studies
Electronic searches

The search strategy was based upon the Williams 2013 Cochrane
Review and was updated in collaboration with a librarian. Williams
2013 search was run from inception to 7 March 2012. We searched
relevant databases for eligible diagnostic studies from January
2012 to 26 July 2022. We searched the following databases.

+ MEDLINE (Ovid, from 1946) (Appendix 1)
+ Embase (Embase.com; Appendix 2)
« CINAHL (EBSCO; Appendix 3)

Searching other resources

We checked the reference lists of all included publications.
We performed forward citation tracking of the included studies
through Web of Science, Scopus, and Google Scholar. We sent the
final list of included studies for review by experts in the field to
minimise the risk of missing any relevant studies.

Data collection and analysis
Selection of studies

Two review authors (CSH and QC) independently applied the
selection criteria to all studies (titles and abstracts) identified
from the literature search. The two review authors (CSH and
QC) independently excluded clearly irrelevant studies. Two review
authors (CSH and QC) then retrieved and independently assessed
the full-text publications using the predefined inclusion criteria.
We resolved all disagreements through consensus, and consulted
other review authors where necessary. We contacted relevant study
authorsvia emailif any study information needed to be clarified. All
excluded studies are presented with reasons for their exclusion in
the Characteristics of excluded studies table and the study selection
process is presented in the PRISMA-DTA diagram (Mclnnes 2018)
(Figure 1).
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Figure 1. Study flow diagram.
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Data extraction and management

Two review authors (CSH and QC) independently extracted the
relevant data from the included studies. This included data on the
characteristics of the included studies such as:

« participant characteristics;
« type of vertebral fracture;

o types of index tests and reference standards, and their
descriptors;

« relevant aspects of the study methods;
« data for the assessment of diagnostic accuracy.

Characteristics of participants (and studies) included details on:

o healthcare setting (e.g. primary care (medical centre,
physiotherapist, chiropractor), emergency departments;
secondary care (outpatient hospital service, medical hospital
services, specialist services); tertiary care (higher specialised
care in hospital setting));

« inclusion and exclusion criteria;

« enrolment procedures (consecutive or non-consecutive);

« number of participants (including number eligible and enroled
in the study);

« number of participants receiving the index test and reference
standard;

« number of participants for whom results were reported in the
two-by-two table;

« reasons for withdrawal,;

« participant demographics (age, gender, duration, and history of
low back pain).

Test characteristics included details on:

« typeofindex test;

« methods of execution of index tests;

« threshold for positive result on an index test;
« experience and expertise of the assessors;

« type of reference standard;

« cut-off points for diagnosing vertebral fracture on a reference
standard (e.g. quantitative radiographic measures) where
relevant.

Thresholds for 'positive' results on an index test may vary across
studies and some studies may present the diagnostic performance
of an index test at several different cut-off points (e.g. age greater
than 50 years versus age greater than 70 years). This is presented
on a Receiver Operating Characteristic (ROC) curve. We extracted
diagnostic accuracy data for all cut-off points from the included
studies.

To assess diagnostic accuracy, we extracted data for diagnostic two-
by-two tables (true positive, false positive, true negative, and false
negative counts) from the publications or reconstructed them using
information from other relevant parameters (sensitivity, specificity,
or predictive values). If the reported sensitivity, specificity, and
positive and negative predictive values did not match the reported
two-by-two table data we reported results based on the raw
two-by-two data. However, if there were large discrepancies in
the values calculated from raw two-by-two data and the values
presented in a study, we contacted the study authors to seek

clarification of the data. If extracting raw data to produce a
two-by-two table was not possible, we used the sensitivity and
specificity values reported. We discussed any discrepancies in
calculated two-by two data and values presented in a study with
the author team and reported them in the review. For eligible
studies where we could not reconstruct the diagnostic two-by-
two tables, we presented them in the review but did not include
them in the quantitative analysis. Two review authors (CSH and
QC) independently extracted the data to ensure adequate reliability
of collected data. For each study, where possible, we presented in
tables aspects of study design, characteristics of the population,
index test, and reference standards, and type of vertebral fracture. If
areview author was also an author of one of the primary diagnostic
studies, they were not involved in the data extraction or quality
rating of that study.

Assessment of methodological quality

Two review authors (CSH and QC) independently assessed the
methodological quality of each included study using the QUADAS-2
checklist (Whiting 2011), as recommended by the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy
(Appendix 4; Deeks 2022). The QUADAS-2 checklist assessed study
quality for all studies included in the previous review and the
additional studies included in this updated review. We tailored the
QUADAS-2 tool to our review and made one change by removing
"was a case-control design avoided?" as case control studies were
excluded. The QUADAS-2 checklist consists of four domains: patient
selection, index test, reference standard, and flow and timing. We
assessed all four domains for risk of bias and all three domains for
concerns regarding applicability.

The same review authors classified each item as 'yes' (adequately
addressed); 'no' (inadequately addressed); or 'unclear' (inadequate
detail presented to allow a judgement to be made). We resolved
disagreements through discussion and if necessary, consulted a
third review author (CGM or MJH).

Statistical analysis and data synthesis

Statistical analysis followed the approaches outlined in Chapter
10 of the Cochrane Handbook for Systematic Reviews of Diagnostic
Test Accuracy (Deeks 2022). We extracted indices of diagnostic
performance or derived them from data presented in each
primary study for each red flag or combination of red flags.
Sensitivity, specificity, and likelihood ratios (LR) of the index tests
were the primary measures of diagnostic test accuracy, both
in the text and Summary of findings 1. Summary of findings
1 includes the following variables, but was not limited to: the
review question, patient population, index test, target condition,
reference standard, study quality, included studies characteristics,
sensitivity, specificity, and LRs. We generated diagnostic two-by-
two tables, from which we calculated and presented sensitivities
and specificities for each index test with 95% Cls and present these
in forest plots. We calculated LRs for each test and used these as an
indication of clinical informativeness. Likelihood ratios represent
the increase (with a positive test) or decrease (with a negative test)
in likelihood of a person having a vertebral fracture (Deeks 2004).
A +LR greater than 1 indicates that a positive test is associated
with an increase in the likelihood of a vertebral fracture being
present. A negative likelihood ratio (-LR) less than 1 indicates that
a negative test is associated with a decrease in the likelihood of a
vertebral fracture (Deeks 2004). Criteria for clinical informativeness
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of LRs are presented in Table 1. In addition, we presented an
ROC plot of sensitivity versus 1 - specificity to display the data. If
possible, we intended to present results of how different pretest
probability cut-offs and positive or negative results impacted post-
test probabilities.

We intended to use the bivariate random-effects model to
compute summary estimates of sensitivity and specificity. The
planned method accounts for both within-study and between-
study variability, and allows for correlation that may exist between
sensitivity and specificity across studies (Harbord 2007; Reitsma
2005). This approach would have assumed a binomial distribution
within studies (Chu 2006), and we assumed the random effects to be
normally distributed across studies. We intended to restrict these
analyses to studies that showed sufficient clinical homogeneity
(e.g. same index test and index test threshold, and a similar
definition of vertebral fracture). Where possible, we intended to
perform meta-analysis on estimates of sensitivity and specificity to
calculate the +LR and -LR for each index test.

For index tests where the cut-off for test positivity varied across
studies, we intended to use the Hierarchical Summary ROC
(HSROC) method of Rutter and Gatsonis (Rutter 2001) to estimate
a summary curve which we presented graphically if appropriate.
Where a study had data for more than one cut-off point, we
intended to use the most commonly reported cut-off point across
studies. We initially intended to use SAS software for meta-analysis,
however meta-analysis was not possible and instead used Review
Manager 5 for all statistical analysis and data synthesis (Review
Manager 2014).

Investigations of heterogeneity

Several factors can contribute to heterogeneity in the diagnostic
accuracy of a test across multiple studies. Where possible,
we investigated the potential influences of one study level
variable at a time, such as healthcare setting (i.e. primary
care, emergency department, secondary care), different types of
vertebral fracture (i.e. osteoporotic vertebral compression fracture,
vertebral traumatic fracture, and vertebral stress fracture), or
different types of imaging. We chose healthcare setting as the
prevalence of vertebral fracture may vary depending on the
healthcare setting. We chose different types of vertebral fracture
as the diagnostic accuracy of red flags may vary dependent on the
type of fracture. We intended to perform meta-analysis on results
separately for different healthcare settings and for each of the
different types of vertebral fracture if data were available. If results
for an index test were not reported separately for different types
of fractures we reported the results as the diagnostic accuracy for
'unspecified vertebral fracture'.

Where feasible, we intended to include study-level covariates
(e.g. different types of imaging) in the HSROC analysis models to
investigate sources of heterogeneity. Where possible, we clearly
acknowledged any unexplained heterogeneity between studies in
Summary of findings 1, as per recommendations of the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy (Deeks
2022).

Sensitivity analyses

Where possible, we intended to perform a sensitivity analysis to
investigate how individual QUADAS-2 key domains (i.e. patient
selection, index test, reference standard, and flow and timing)

affected accuracy estimates. That is, we aimed to assess whether
estimates of sensitivity and specificity were affected if studies at
high risk of bias in any of the QUADAS-2 domains were removed for
the sensitivity analysis.

Assessment of reporting bias

Tests for publication bias in reviews of diagnostic test accuracy
are not routinely used because study size may be related to test
accuracy for reasons other than publication bias (Deeks 2005).
Therefore, we did not report on this.

RESULTS

Results of the search

Our search identified 5878 records, After removing 196 duplicates,
5682 records remained. Of these, 5629 were deemed clearly
irrelevant based on screening by title and abstract. There were
only two relevant systematic reviews found during the updated
search (Downie 2014; Galliker 2019). We reviewed the reference
lists of both systematic reviews and performed forward citation
searches on the reference lists of all included studies with no
additional studies meeting the inclusion criteria. Of the 53 articles
included for full-text review, we excluded 47 with reasons (five
had no appropriate data available, three did not assess an index
test, four had participants already being diagnosed with vertebral
fracture, 21 investigated an inappropriate population, and 14 had
an inappropriate study design) (see Characteristics of excluded
studies table). Therefore, we included six new studies to add to the
eight studies from the previous review (Williams 2013), resulting in
14 studies included for analysis.

Management of missing information

We contacted the authors of two studies for additional data
or discrepancies (or both) (Premkumar 2018; Therriault 2020).
Therriault 2020 provided some additional data but it was not
suitable for our analyses. After contacting the authors again, they
confirmed they no longer had access to the raw data we needed for
our analysis to calculate the diagnostic accuracy for a combination
of red flags (e.g. male sex, pain with lumbar extension, active pain
worse than resting pain, or a combination of these). Therefore, we
excluded this red flag from our analyses (Therriault 2020).

Description of studies

See Characteristics of included studies table.

Most studies were heterogeneous and did not present data based
on the different vertebral fracture types. Four studies reported on
'osteoporotic vertebral fractures' (prevalence of fracture range; 3%
to 68%) (Enthoven 2016; Jin 2020; Kilic 2021; Roman 2010), and two
studies reported on 'vertebral compression fracture' (prevalence of
fracture: Patrick 1983: 7.2%; Reinus 1998: 11%). One study reported
on 'osteoporotic and traumatic vertebral fractures' (prevalence
of fracture: 4.1%) but did not present data for the individual
fracture types (van den Bosch 2004). Five studies did not
differentiate between the different types of vertebral fracture
and were considered to be reporting on 'unspecified vertebral
fracture' (prevalence of fracture range: 0.68% to 6.5%) (Deyo 1986;
Gibson 1992; Henschke 2009; Premkumar 2018; Scavone 1981).
One study reported on 'early-stage spondylolysis', and defined
spondylolysis as 'the pathogenesis of lumbar spondylolysis is
considered to be a stress fracture' (prevalence of fracture: 52.5%)
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(Sugiura 2021). Another study reported on 'active spondylolysis'
and defined spondylolysis as a 'bone stress injury (stress reaction
or fracture) of the parsinterarticularis' (prevalence of fracture: 22%)
(Therriault 2020). Based on each study's definition of spondylolysis,
they were both categorised as 'vertebral stress fracture' (Sugiura
2021; Therriault 2020). The overall prevalence of vertebral fracture
ranged from 0.68% to 68%; however, the patient sample in
some studies was highly selective which likely explains the high
prevalence of vertebral fracture. The high prevalence rate is
explored further below in 'Findings based on healthcare setting’.

Six studies with 6365 participants were conducted in a primary
healthcare setting (Deyo 1986; Enthoven 2016; Henschke 2009;
Scavone 1981; Therriault 2020; van den Bosch 2004). The median
sample size of the included studies in primary care was 948
(range: 621 to 2007). Of the six studies conducted in primary
care, there were 86 potential red flags. One study presented data
on a combination of red flags (Therriault 2020). Four studies
used X-ray as the reference standard (Deyo 1986; Enthoven 2016;
Scavone 1981; van den Bosch 2004), one study used different
types of imaging methods (e.g. X-ray, MRI, CT, or a combination)
based on the clinician's preference as the reference standard
(Therriault 2020), and therefore not all participants received the
same reference standard, and one study used clinical follow-up as
a reference standard (Henschke 2009).

Five studies with 12,135 participants were conducted in a
secondary healthcare setting (Jin 2020; Kilic 2021; Premkumar
2018; Roman 2010; Sugiura 2021). The median sample size of the
included studiesin secondary care was 510 (range: 101 to 9940). The
five studies in secondary care identified 29 red flags. Two studies
presented data on a combination of red flags (Premkumar 2018;
Roman 2010). Two studies used X-ray as the reference standard
(Kilic2021; Premkumar2018), two studies used MRl as the reference
standard (Jin 2020; Sugiura 2021), and one study used X-ray or
SPECT as the reference standard (Roman 2010).

Three studies with 1259 participants were conducted in a tertiary
healthcare setting (Gibson 1992; Patrick 1983; Reinus 1998). The
median sample size of the studies in tertiary care was 482 (range:
225t0552). The three studies in tertiary care identified 17 red flags.
One study presented data on a combination of red flags (Gibson
1992). All three studies used X-ray as the reference standard.

Methodological quality of included studies

Results of the quality assessment using the QUADAS-2 scale are
presented in Figure 2. Further details on how judgements were
made are presented in the Characteristics of included studies
table. No studies demonstrated low risk of bias across all domains;
however, 10/14 studies demonstrated low concerns regarding
applicability.
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Figure 2. Risk of bias and applicability concerns summary: review authors' judgements about each domain for each
included study
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their presentation that could be considered clinically relevant. For
example, Jin 2020 and Sugiura 2021 excluded people with low back
pain and pain radiating to the limbs which could be considered

For the domain of patient selection, only 3/14 studies
demonstrated low risk of bias. Five of 14 studies demonstrated high
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part of the clinical presentation of people with vertebral fracture
(Kim 2015). However, both studies investigated different types of
vertebral fracture, Jin 2020 included people with 'osteoporotic
vertebral fractures' and Sugiura 2021 included people with 'early-
stage spondylolysis'. Enthoven 2016, Jin 2020, Kilic 2021, and
Sugiura 2021 included specific age cut-offs as part of their inclusion
criteria, potentially excluding people presenting with the target
condition. The main concern in this domain was unclear risk of bias
due to insufficient information regarding inappropriate exclusions
in 6/14 studies. Eleven of 14 studies demonstrated low concerns
regarding applicability and 3/14 studies demonstrated unclear
concerns regarding applicability due to insufficient information
available regarding patient presentation.

Index tests

For the domain of index test, 6/14 studies demonstrated low risk
of bias. Two of 14 studies demonstrated high risk of bias, due to
no prespecified thresholds being used for the index test (Reinus
1998), and index test results being interpreted with the knowledge
of the reference standard result (Therriault 2020). Six of 14 studies
demonstrated unclear risk of bias, as it was unclear if the index
test results were interpreted with or without the knowledge of the
reference standard result. All the included studies demonstrated
low concerns for applicability.

Reference standards

For the domain of reference standard, only 1/14 studies
demonstrated low risk of bias (Jin 2020). Three of 14 studies
demonstrated high risk of bias as the reference standard result
was interpreted with the knowledge of the index test result. Ten
of 14 studies demonstrated unclear risk of bias, as it was unclear
if the reference standard results were interpreted with or without
the knowledge of the index test result. Thirteen of 14 included
studies demonstrated low concerns regarding applicability. One
study demonstrated high concern regarding applicability as they
used clinical follow-up, and we considered this a weaker reference
standard.

Flow and timing

For the domain of flow and timing, only 1/14 studies demonstrated
low risk of bias (Patrick 1983). Five of 14 studies demonstrated high
risk of bias, due to inappropriate interval time between index test
and the reference standard (i.e. six weeks and greater) (Henschke
2009), not all participants included in the final analysis (i.e. 518/582
participants included for analysis) (Jin 2020), not all participants
receiving the same reference test (Roman 2010; Therriault 2020),
and one study for all three reasons listed (Deyo 1986). Eight of 14
included studies demonstrated unclear risk of bias, due to most
studies not reporting clear interval times between index test and
the reference standard.

Overall ratings

In summary, risk of bias was often rated unclear regarding patient
selection, implementation of the index test and reference standard,
and flow and timing. However, the applicability of the included
studies did not demonstrate substantial concerns.

Findings

In total there were 130 potential index tests assessed across 14
studies. Studies used index tests assessing a similar construct but

with slightly different wording/cut-offs (e.g. trauma = significant
trauma, history of trauma, major trauma, direct trauma, or fall;
older age = older age with eight different age cut-offs). There were
18 index tests which were presented as different combinations of
red flags. Few index test descriptions were reported adequately
for clinical use. We attempted to present index test results for the
different types of vertebral fractures (i.e. osteoporotic vertebral
compression fracture, vertebral traumatic fracture, vertebral stress
fracture); however, this was not always possible as only some
studies presented data based on the different types of fractures.
Performing meta-analysis on estimates of test accuracy for this
updated review was not possible due to the heterogeneity of the
index tests presented across the studies, study healthcare setting,
and different vertebral fracture types. Therefore, the findings of this
review are presented descriptively.

Results for all tests are presented in Table 2, Table 3, Table 4, Table
5,and Table 6. Summary of findings 1 describes the performance of
red flags that were potentially useful.

Findings based on healthcare setting
Primary care

Six studies were based in a primary healthcare setting and
investigated 86 different index tests as potential red flags
(Deyo 1986; Enthoven 2016; Henschke 2009; Scavone 1981;
Therriault 2020; van den Bosch 2004). The potential red flags
investigated included components of the history (e.g. age, gender,
mechanism of injury) and physical examination (e.g. palpation,
lumbar range of motion) and are presented below descriptively.
Two studies reported on screening for 'osteoporotic vertebral
fracture' (Enthoven 2016; van den Bosch 2004), one study reported
on 'vertebral stress fracture' (Therriault 2020), and three studies
reported results for 'unspecified vertebral fracture' (Deyo 1986;
Henschke 2009; Scavone 1981). Four of the six studies included
participants across a wide range of ages (0 to 98 years), however,
Therriault 2020 included participants between the ages of 10 and
19 years and Enthoven 2016 only included adults over the age
of 55 years. Any index tests investigated in Enthoven 2016 was in
addition to the age cut-off used for inclusion to their study (i.e. over
55 years). For example, 'trauma' was investigated as a potential
red flag, therefore the index test would be age over 55 years and
'trauma’, not trauma alone.

Four studies investigated 'trauma' as a potential red flag
(unspecified vertebral fracture: three studies, osteoporotic fracture:
one study) (Deyo 1986; Enthoven 2016; Henschke 2009; Scavone
1981). The sensitivity for the index test 'trauma’ for 'unspecified
vertebral fracture' was generally low and varied greatly, ranging
from 0.21 (95% Cl 0.05 to 0.51) to 0.65 (95% Cl 0.44 to 0.83) (Deyo
1986; Henschke 2009; Scavone 1981). However, 'trauma’ was highly
specific in all studies, ranging from 0.90 (95% CI 0.86 to 0.93) to
0.98 (95% CI 0.96 to 0.98). The +LRs ranged from 1.93 (95% ClI
0.67 to 5.53) to 12.85 (95% Cl 8.58 to 19.24) and the -LRs ranged
from 0.36 (95% CI 0.22 to 0.62) to 0.88 (95% Cl 0.67 to 1.17).
Enthoven 2016 investigated 'trauma’ as a red flag for 'osteoporotic
vertebral fracture', but only included people over the age of 55
years; and demonstrated low sensitivity 0.21 (95% CI 0.09 to 0.39)
but high specificity 0.97 (95% CI 0.95 to 0.98). The +LR 6.42 (95%
Cl 2.94 to 14.02) demonstrated informative diagnostic value, but
uninformative -LR (0.82, 95% Cl 0.68 to 0.97).
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Four studies investigated 'older age' as a potential red flag
(unspecified vertebral fracture: two studies, osteoporotic fracture:
two studies), with eight different age cut-offs (Deyo 1986; Enthoven
2016; Henschke 2009; van den Bosch 2004). Diagnostic accuracy
values for the different age cut-offs are presented in Table 2.
The cut-off age of 'age greater than 70 years' demonstrated the
highest diagnostic accuracy for 'unspecified vertebral fracture' with
a sensitivity of 0.50 (95% CI 0.16 to 0.84), specificity of 0.96 (95% CI
0.94 to 0.97), +LR of 11.19 (95% CI 5.33 to 23.51), and -LR of 0.52
(95% ClI 0.26 to 1.05) (Henschke 2009). One study investigated the
'older age' and 'gender’ as part of a combination of red flags, which
demonstrated higher diagnostic accuracy compared to older age
alone. For example, when 'age greater than 74 years' and 'female
gender' were combined, the +LR of a suspected 'unspecified
vertebral fracture' increased from 9.39 (95% CI 2.69 to 32.75) to
16.17 (95% Cl 4.47 to 58.43) (Henschke 2009).

Three studies investigated 'corticosteroid use' as a potential red
flag (unspecified vertebral fracture: two studies, osteoporotic
fracture: one study) (Deyo 1986; Enthoven 2016; Henschke 2009).
The sensitivity for 'corticosteroid use' for 'unspecified vertebral
fracture' was low and ranged from 0.00 (95% CI 0.00 to 0.23) to 0.25
(95% C10.03, 0.65), however demonstrated high specificity, ranging
from 0.99 (95% CI 0.98 to 1.00) to 0.99 (95% CI 0.99 to 1.00) (Deyo
1986; Henschke 2009). The +LR varied greatly, ranging from 3.97
(95% Cl 0.20 to 79.15) to 48.50 (95% Cl 11.46 to 204.98), and the
-LR ranged from 0.75 (95% Cl 0.51 to 1.13) to 0.98 (95% CI 0.89 to
1.07). One study investigated 'corticosteroid use' as a red flag for
'osteoporotic vertebral fracture', but only included people over the
age of 55 years (Enthoven 2016). It demonstrated low sensitivity
(0.18, 95% CI 0.07 to 0.35) but high specificity (0.93, 95% CI 0.90
t0 0.95). The +LR demonstrated informative diagnostic value (2.46,
95% Cl 1.13 to 5.34), but uninformative -LR (0.88, 95% CI 0.75 to
1.04).

Two studies investigated a combination of index tests as red
flags (unspecified vertebral fracture: one study, stress fracture:
one study) (Henschke 2009; Therriault 2020). In Henschke 2009,
the presence of at least two of four red flags (older age, gender,
corticosteroid use, and history of trauma) for the suspicion of a
'unspecified vertebral fracture' demonstrated moderate sensitivity
(0.63,95% C1 0.24 to 0.91) and high specificity (0.96, 95% Cl 0.95 to
0.97). Although there were large +LRs (15.48, 95% Cl 8.45 to 28.36)
when two of the four red flags were present, and for three of the
four red flags present (906.11, 95% Cl 50.37 to 16,299.10), the Cls
were very wide and, therefore, these results should be interpreted
with caution.

Secondary care

Five studies were based in a secondary healthcare setting and
investigated 29 different index tests as potential red flags (Jin 2020;
Kilic 2021; Premkumar 2018; Roman 2010; Sugiura 2021). These
included components of the history (e.g. age, gender, mechanism
of injury) and physical examination (e.g. lumbar range of motion)
and are presented below descriptively. Three studies reported
on screening for 'osteoporotic vertebral fracture' (Jin 2020; Kilic
2021; Roman 2010), one study reported on 'vertebral stress
fracture' (Sugiura 2021), and one study reported on 'unspecified
vertebralfracture' (Premkumar2018). Three of five studiesincluded
age as part of their inclusion criterion and as an index test. Kilic
2021 only included geriatric adults over the age of 65 years. Sugiura
2021 only included adolescents under the age of 18 years. Index

tests investigated in Sugiura 2021 would only apply to the age
cut-off used for inclusion to their study. Jin 2020 only included
postmenopausal women or women over 50 years old and men
over 60 years old or people with a history of prolonged use of a
glucocorticosteroid for three months or more. Participants with
previous vertebral fractures were also included in this study (Jin
2020). Index tests investigated in Jin 2020 would apply to the
participants who fit the 'age' cut-offs and 'corticosteroid use' used
for inclusion to their study.

Three studies investigated 'older age' as a potential red flag
(osteoporotic fracture: two studies, unspecified vertebral fracture:
one study), with five different age cut-offs (Kilic 2021; Premkumar
2018; Roman 2010). Diagnostic accuracy values for the different age
cut-offs are presented in Table 4. The cut-off age of 'age greater
than 74 years' demonstrated the most useful diagnostic accuracy
values for 'osteoporotic vertebral fracture' with a sensitivity of 0.53
(95% CI 0.41 to 0.64), specificity of 0.79 (95% CI 0.67 to 0.88), +LR
of 2.51 (95% Cl 1.48 to 4.27), and -LR of 0.60 (95% CI 0.46 to
0.79) (Kilic 2021). One study investigated 'trauma' as a potential
red flag and demonstrated informative diagnostic accuracy values
for 'unspecified vertebral fracture' with a sensitivity of 0.25 (95%
Cl 0.21 to 0.29), specificity of 0.89 (95% Cl 0.88 to 0.89), +LR of
2.18 (95% Cl 1.86 to 2.54), and -LR of 0.85 (95% Cl 0.81 to 0.89)
(Premkumar 2018). However, when 'older age' and 'trauma' were
investigated as part of a combination of index tests for 'unspecified
vertebral fracture', the diagnostic values increased compared to
'older age' or 'trauma’' alone. For example, when 'older age greater
than 70 years' and trauma were combined, the +LR of a suspected
fracture increased from 1.55 (95% CI 1.36 to 1.76) to 4.35 (95% Cl
2.92 t0 6.48) (Premkumar 2018).

Two studies investigated individual components of the history
(e.g. pain location, pain quality, etc.; Sugiura 2021) and physical
examination (e.g. lumbar range of motion; Jin 2020; Sugiura 2021)
as red flags (osteoporotic fracture; one study, stress fracture; one
study). Jin 2020 investigated a series of dynamic movements
(e.g. moving from lying to sitting) as a red flag for 'osteoporotic
vertebral fracture' This test demonstrated high sensitivity (0.99,
95% ClI 0.97 to 1.00) and moderate specificity (0.68, 95% CI 0.60
to 0.75). The results of this index test should be interpreted with
caution as the index test investigated dynamic movements is a
combination with other 'index tests' used as part of their study
inclusion criteria as mentioned above. The sample of participants
in Jin 2020 was also highly selective which likely explains the
high prevalence of vertebral fracture in this study (i.e. prevalence
of vertebral fracture was 68%). In Sugiura 2021, the only index
test with some diagnostic value was 'pain location' (i.e. pain on
the left or right (or both) side or central pain) as a red flag for
'vertebral stress fracture'. This test demonstrated high sensitivity
(0.89, 95% CI 0.77 to 0.96) and moderate specificity (0.63, 95% CI
0.48 to 0.77). The results of this index test should be interpreted
with caution as the index test investigated (i.e. pain location) is
in combination with 'age of 18 years or younger' which was used
as part of their study inclusion criteria as mentioned above. The
prevalence of a 'vertebral stress fracture' in Sugiura 2021 was
also high (i.e. prevalence of spondylolysis was 53%), however
previous research has shown this population sample is likely to
have a high prevalence of spondylolysis due to their young age and
participation in sporting activities (Selhorst 2019).
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One study investigated eight different index tests as potential red
flags for 'osteoporotic vertebral fracture' (Roman 2010); however,
the diagnostic values of these tests varied greatly. Index tests with
some diagnostic value included body massindex (BMI) less than 23,
decreased pain onsitting, and no leg or buttock pain. The sensitivity
of these three tests ranged from 0.29 (95% CI 0.15 to 0.46) to 0.37
(95% C1 0.22 to 0.54) and the specificity ranged from 0.81 (95% ClI
0.79 to 0.83) to 0.86 (95% Cl 0.84 to 0.88). These three index tests
also demonstrated the largest +LRs; BMI less than 23 (2.22, 95% ClI
1.44 to 3.42), decreased pain on sitting (1.56, 95% CI 0.94 to 2.59),
and no leg or buttock pain (2.24, 95% Cl 1.38 to 3.64). This study
also investigated a combination of index tests (age greater than 52
years, no presence of leg pain, BMI less than 23, does not exercise
regularly, and female gender) and found that having four of the five
positive tests demonstrated a moderate increase in the likelihood
of 'osteoporotic vertebral fracture' (+LR 9.62, 95% CI 5.88 to 15.73).

Tertiary care

Three studies were based in a tertiary healthcare setting and
investigated 17 different index tests as potential red flags (Gibson
1992; Patrick 1983; Reinus 1998). The red flags investigated
included components of the subjective history (e.g. mechanism
of injury) and physical examination (e.g. palpation, neurological
assessment) and are presented below descriptively. Two studies
reported on screening for 'vertebral compression fracture' (Patrick
1983; Reinus 1998), and one study reported on 'unspecified
vertebral fracture' (Gibson 1992).

Three studies investigated 'trauma' as a potential red flag
(compression fracture: two studies, unspecified fracture: one
study) (Gibson 1992; Patrick 1983; Reinus 1998). For 'vertebral
compression fracture' (Patrick 1983; Reinus 1998) and 'unspecified
vertebral fracture' (Gibson 1992), the diagnostic accuracy values
varied greatly across the three studies and, therefore, meta-
analysis was not performed. The sensitivity for the index test
'trauma’ varied greatly from 0.07 (95% CI 0.02 to 0.18) to 1.00 (95%
C10.59 to 1.00) and the specificity ranged from 0.51 (95% CI 0.41 to
0.62) to 0.60 (95% CI 0.56 to 0.65). The +LRs were also inconsistent
ranging from 0.18 (95% CI 0.07 to 0.48) to 1.93 (95% CI 1.48 to 2.52).

Onesstudy investigated a range of index tests including components
of subjective history and physical examination as potential red
flags for 'vertebral compression fracture' (Patrick 1983). This study
demonstrated one index test with some diagnostic value. The
'presence of contusion or abrasion' in an emergency department
setting demonstrated high sensitivity (0.85,95% CI1 0.70 to 0.94) and
specificity (0.97, 95% CI 0.95 to 0.98) indicating some diagnostic
value. The +LR also demonstrated high diagnostic value (31.09,95%
C118.25t052.96). However, these results should be interpreted with
caution as they were from a single study.

DISCUSSION

Summary of main results

This review is an update of a previous Cochrane Review of red
flags to screen for vertebral fracture in people with low back pain
(Williams 2013). Index tests included components of history taking
or physical examination and included studies were in primary,
secondary, and tertiary healthcare settings.

Our review only included six additional studies (total 14)
investigating red flags to screen for vertebral fracture compared

to the previous review. Meta-analysis of studies was not possible
due to heterogeneity of the data and results from single
studies suggested only a few of the red flags investigated
may be informative. In the primary healthcare setting, results
from single studies suggest 'trauma' demonstrated informative
+LRs for ‘'unspecified vertebral fracture' and 'osteoporotic
vertebral fracture. Results from single studies suggest 'older
age' demonstrated informative +LRs for studies in primary care
for 'unspecified vertebral fracture' Results from single studies
suggest 'corticosteroid use' may be an informative red flag in
primary care for 'unspecified vertebral fracture' and 'osteoporotic
vertebral fracture'; however, diagnostic values varied, and Cls
were imprecise. Results from a single study suggest red flags
as part of a combination of index tests such as 'older age and
female gender' in primary care demonstrated informative +LRs
for 'unspecified vertebral fracture' In the secondary healthcare
setting, results from a single study suggest 'trauma’' and 'older age'
demonstrated informative +LRs for 'unspecified vertebral fracture'
and 'osteoporotic vertebral fracture', respectively. Results from a
single study suggest red flags as part of a combination of index tests
such as 'older age and trauma' in secondary care demonstrated
informative +LRs for 'unspecified vertebral fracture'. When four
of five tests were positive in secondary care, they demonstrated
informative +LRs for 'osteoporotic vertebral fracture'. In the tertiary
care setting, results from a single study suggest 'presence of
contusion/abrasion' was informative for 'vertebral compression
fracture'.

Studies included in our review presented data on the current red
flags recommended in guidelines to screen for vertebral fracture
(e.g. osteoporosis, history of trauma, corticosteroid use, older age,
and female gender) (Verhagen 2016). However, only one study
presented data on osteoporosis despite its recommendation in
current guidelines. Trauma, older age, corticosteroid use, and
presence of contusion/abrasion were suggestive of informative
+LRs in our study; however, Cls for corticosteroid use varied greatly.
Results for female gender did not demonstrate any informative
diagnostic values in our study. Current guidelines do not report
on any specific red flags for vertebral stress fracture and only
two studies in our review presented data on this type of fracture
(Sugiura 2021; Therriault 2020).

Acombination of red flags was more informative than red flags used
in isolation. For example, when 'older age' (i.e. age greater than 74
years) and 'female gender' were combined the +LR increased from
9.39 (95% CI 2.69 to 32.75) to 16.17 (95% CI 4.47 to 58.43). When
'older age' (i.e. age greater than 70) and 'trauma' were combined,
the +LR increased from 1.55 (95% Cl 1.36 to 1.76) to 4.35 (95% ClI
2.92 to0 6.48). Another combination of index tests (age greater than
52 years, no presence of leg pain, BMI less than 23, does not exercise
regularly, and female gender) found large +LRs if four of the five
tests were positive (9.62, 95% Cl 5.88 to 15.73). However, these
findings should be interpreted with caution as they were based on
single studies and there was a noticeable lack of available data in
this field. Of the available data in our review, often +LR had wide
Cls and imprecise estimates. Uncertainty in the risk of bias across
the included studies should also be considered when interpreting
results.

Many red flags used to screen for vertebral fracture have high false-
positive rates and are currently based on limited data. Given the
prevalence of serious pathology in primary care (1% to 5%) (Downie
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2014; Hartvigsen 2018; Henschke 2009; Williams 2013), and in
emergency departments (2.5% to 5.1%) (Galliker 2019) is quite low,
the limited evidence makes it challenging for clinicians to identify
vertebral fracturesin people with low back pain. Clinicians also face
the challenges of considering the consequences of unnecessary
imaging and its associated impact on patient outcomes and patient
costs.

Population and healthcare setting

The aim of our review was to identify red flags to assist clinicians
to screen for vertebral fracture in people with low back pain.
Although a few studies reported on the same or similar index
test, many studies provided data based on different healthcare
settings, different vertebral fracture types, or demonstrated large
variability in diagnostic values, making meta-analysis of included
data inappropriate. We included studies from different healthcare
settings; however, based on the results of our review, most red flags
recommended to screen for vertebral fracture as a cause of low
back pain are not well-supported in any healthcare setting due to
the lack of studies in this field and because most red flags identified
have poor diagnostic value or have only been evaluated in single
studies.

There was no clear pattern of differences between the studies
conducted in primary and secondary care in the patient population
and type of vertebral fracture investigated. The primary and
secondary care studies included a mix of patient populations, with
some studies only including older participants (e.g. Enthoven 2016;
Jin 2020; Kilic 2021), and other studies only including younger
populations (e.g. Sugiura 2021; Therriault 2020). Studies in primary
and secondary care also investigated a variety of vertebral fractures
such as 'osteoporotic vertebral fracture!, 'stress fracture', and
'unspecified fracture'. Of the three studies conducted in tertiary
care, two studies investigated 'vertebral compression fracture' and
the patient populations were of similar age ranges across the three
studies. Five of the 14 studies did not specify the type of vertebral
fracture.

In the primary healthcare setting, the risk of bias of the included
studies was not consistent in this domain (i.e. some studies had
a risk of bias that was low, high, or unclear); however, the risk of
bias was consistently unclear across most studies in the secondary
and tertiary healthcare setting. It was evident that in four studies
verification had occurred as in these studies there was a failure to
compare the index tests and reference standards in all participants.
This may have overestimated the accuracy of the index tests
investigated.

Reference standard

Most studies used an adequate reference standard according
to our methodological quality criteria (Appendix 4), except one
study (Henschke 2009). This study demonstrated high concerns of
applicability as clinical follow-up of participants with suspected
vertebral fracture was used as the reference standard. It is possible
that some participants with vertebral fracture in this study may
have been missed, which would affect the estimates of diagnostic
accuracy. Another study used a combination of different types
of imaging methods (e.g. X-ray, MRI, CT, or a combination of
these) based on the clinician's clinical preference as the reference
standard (Therriault 2020). Although all participants received some
form of imaging, not all participants received the same (form of
imaging) reference standard.

Most studies used X-ray as the reference standard, however one
of the main limitations of X-rays is that they are often unable to
identify the acuity of a vertebral fracture (i.e. whether a fracture
is acute or non-acute), whilst MRI has the ability to detect bone
marrow oedema and more accurately distinguish acute versus
chronic fractures (Ang 2016; Astur 2015). However, MRI has its
limitations due to contraindications (e.g. indwelling electrical
devices), feasibility, access, and cost (Kim 2022). CT may be used
for detection of vertebral fractures, but often fails to determine
the acuity or chronicity of fractures because of variability in
fracture morphology, inhomogeneous background bone marrow
attenuation, and different degrees of bone marrow oedema (Kim
2022). Anotherissue is that vertebral fractures such as compression
fractures may often be incidental findings on CT, with some people
being either asymptomatic or having symptoms not severe enough
to seek medical care (Urrutia 2019).

Most studies also did not report on the method of imaging (e.g.
X-ray views used, experience of the radiographer, thresholds for
identifying vertebral fractures, sequences of imaging). Therefore,
the influence of different imaging methods could not be
investigated. All reference standards (e.g. X-ray, MRI, CT scan)
available would likely be similar across all healthcare settings as
these tests could be ordered in primary, secondary, or tertiary
care. Given that all the reference standards are available across all
healthcare settings, this would have little to no impact on concerns
for applicability (i.e. there is low concern for applicability).

Index tests

If red flags have sufficiently high diagnostic accuracy their presence
would indicate that further investigation is necessary to confirm
serious pathology. If red flags are absent, then this should reduce
the clinician's suspicion of serious pathology and negate the need
for patients to undergo further investigation. Unfortunately, the
accuracy of most red flags is low or uncertain (or both) so this use
of red flags to guide diagnostic work-up is challenged.

The results of our review are based on a very small number
of studies and currently do not support most of the red flags
investigated. The sensitivity of most index tests was generally
low, indicating that when vertebral fracture is present, there is a
high number of people with vertebral fracture who will also go
undiagnosed. Most tests also had small-to-modest +LRs and only a
few index tests would increase the suspicion of having a vertebral
fracture above the reported prevalence. In addition, the specificity
of some of the informative index tests (e.g. older age, corticosteroid
use, trauma, contusion/abrasion, a combination of some index
tests) was high suggesting that if these tests are positive, it is likely
that a fracture is present. However, the -LRs of most index tests
in our review were not informative and are unlikely to be useful in
clinical practice. Given the low prevalence of vertebral fracture, the
consequences of being unable to rule out vertebral fractures using
red flags may not be as detrimental as it is unlikely a negative test
will meaningfully lower the probability of fracture any further or
shift the provability of vertebral fracture.

The results of our review suggest some index tests were
informative; however, these results were based on single studies.
Trauma, older age, and corticosteroid use were suggestive of
informative +LRs; however, the estimates were quite imprecise
(e.g. +LRs 48.50, 95% Cl 11.46 to 204.98 for corticosteroid use)
and so should be interpreted with caution. The imprecision is
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likely due to the low number of vertebral fractures identified in
people presenting with low back pain. Recently, The International
Federation of Orthopaedic Manipulative Physical Therapists
(IFOMPT) developed an international framework for red flags
for potential serious spinal pathologies (Finucane 2020). The
recommendations of this framework were in line with the results
of our review that trauma, older age, and corticosteroid use should
increase clinical suspicion of vertebral fracture. The framework
also recommended that history of osteoporosis, female sex, and
previous spinal fracture should increase suspicion of vertebral
fracture. In our review, history of osteoporosis demonstrated some
informativeness (+LR 3.13, 95% Cl 1.90 to 5.15) (Enthoven 2016);
however, we did not find evidence to support the use of female
sex and no studies in our review reported on previous spinal
fracture. Clinicians may have to rely on frameworks such as the
guidelines developed by IFOMPT as a guide for screening for
vertebral fractures as there are currently very little primary data in
this field. This creates challenges for researchers and clinicians to
utilise red flags confidently in clinical practice.

Strengths and weaknesses of the review

A strength of this review is that we used the same search strategy
used by Williams 2013, which was a sensitive and systematic search
performed to include all possible studies. Our search identified
previous systematic reviews on red flags for people presenting
with low back pain (Downie 2014; Galliker 2019), and our search
identified all relevant studies in those reviews.

A limitation of our review is the heterogeneous nature of
the included studies and the paucity of diagnostic research
evaluating red flags to screen for vertebral fracture. There were
many index tests investigated by single studies, but few studies
investigated the same index tests. When multiple studies did
investigate the same index tests there was large variability in
the diagnostic values between studies, which limited our ability
to perform meta-analysis of diagnostic values. There was also
little uniform agreement on the definition of the index tests,
which may explain the diagnostic accuracy of such tests. For
example, dose and duration of corticosteroid use is often not
reported, yet this may influence the risk of certain vertebral
fractures (e.g. osteoporotic vertebral fracture) (Vestergaard 2008).
The acuity of osteoporotic vertebral compression fracture needs
to be considered as prevalence estimates may differ in those with
acute versus non-acute osteoporotic compression fracture. The
studies investigating osteoporotic compression fractures did not
report acuity and identifying the acuity of this type of fracture is
often difficult due to factors such as the imaging modality used,
scoring method used, and population investigated (Lentle 2019;
Oei 2013). Many single studies investigated the same index tests
across different healthcare settings, used different study designs, or
presented diagnostic values for different types of vertebral fracture,
which meant performing meta-analysis for diagnostic accuracy
was not appropriate. Due to the limitations of the available
evidence in our review, it was not possible to investigate the
diagnostic accuracy of index tests or investigate potential sources
of heterogeneity on the diagnostic accuracy of potential red flags.
Some studies also included a highly selective sample and used an
index test as part of both their inclusion criteria and as a red flag.
For example, Enthoven 2016 only included adults over the age of
55 years and investigated trauma as an index test, therefore the
index test investigated would be more akin to age over 55 years and

'trauma’, not trauma alone. Studies that included a highly selective
sample inflate prevalence estimates and this likely explains the
high prevalence of vertebral fracture in those studies and may
also be further influenced by the healthcare setting the study is
performed in and the different types of vertebral fracture.

Two review authors independently performed the risk of bias
assessment for this review using clear guidelines set a priori
to minimise differences in scoring (Appendix 4). Most studies
did not provide enough detail or information to make a clear
decision on bias and were therefore scored at unclear risk of bias
(Figure 2). Future research in this field needs to focus on higher
quality and reporting in areas such as clarifying aspects of patient
selection, standardising reference standards used across studies,
and clarifying the interval time between the index test performed
and the reference standard.

Applicability of findings to the review question

The current literature recommends that routine imaging for low
back pain in clinical practice is not appropriate and should only be
performed in patients where there is suspicion of serious pathology
(Foster 2018). Unfortunately, due to the paucity of new studies
and primary data in index tests to screen for vertebral fracture,
it remains unclear which red flags are useful when screening
for vertebral fracture in people presenting with low back pain.
The limited research in this field may be a factor in the current
high use of imaging in primary care. In our review, there was
a total of 130 individual red flags that were investigated across
14 studies with very few studies investigating the same index
test. Given the large number of index tests available to clinicians,
it is understandable that many clinicians may refer for further
imaging or investigations. Inappropriate or excessive imaging leads
to excessive costs, potentially unnecessary radiation exposure,
and can also lead to negative downstream consequences (i.e.
more invasive procedures, poorer outcomes, etc.) (Jacobs 2020).
However, there are consequences to also not using red flags in
clinical practice with the potential for misdiagnosis of vertebral
fracture, which is further complicated by the low prevalence
of vertebral fracture in primary care. Without robust evidence
clinicians will continue to face the challenge of being selective when
referring patients for further investigations. The results from our
review may guide clinicians when screening for vertebral fracture,
as we found trauma, older age, corticosteroid use, history of
osteoporosis, or a combination of red flags demonstrated some
diagnostic value.

The results from our review support the view that referral for
further investigations in people with suspected vertebral fracture
should be based on a select number of red flags and using
certain combinations of red flags may provide more precise
diagnostic values. Given the overall quality of the current available
evidence and that no meta-analysis of studies was possible,
the recommendations of this review should be interpreted with
caution. Although results from single studies do demonstrate some
red flags may be useful and have the potential to increase clinical
suspicion of vertebral fracture in people presenting with low back
pain, more robust research is needed.
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AUTHORS' CONCLUSIONS

Implications for practice

The available evidence suggests that only a few red flags are
potentially useful in guiding clinical decisions regarding the need
to further investigate people suspected to have a vertebral fracture.
Most red flags are not usefulin increasing the likelihood of vertebral
fracture when present, nor are they useful in decreasing the
likelihood of vertebral fracture when absent. Our review found
a few red flags demonstrated some promise. In primary care,
'older age' was informative for 'unspecified vertebral fracture'
and 'trauma' and 'corticosteroid use' were both informative
for 'unspecified vertebral fracture' and 'osteoporotic vertebral
fracture'. In secondary care, 'older age' was informative for
'osteoporotic vertebral fracture' and 'trauma' was informative
for 'unspecified vertebral fracture'. In tertiary care, 'presence of
contusion/abrasion' was informative for 'vertebral compression
fracture'. Combinations of red flags were also informative and
may be more useful in assisting clinicians with decisions than
individual tests alone. Given the limitations of our review, it is
still challenging to provide clear guidance as to which red flags
should be used routinely in clinical practice. Further research with
studies published in peer-reviewed journals is needed to improve
and consolidate our current recommendations for screening for
vertebral fractures to guide clinical care.

Implications for research

It is clear there is a paucity of primary diagnostic research
in this field as we only found six additional studies since the
previous version of the review (Williams 2013). Future research
should consider which index tests may be clinically relevant based

on the different types of vertebral fracture. There is very little
consistency across studies in the index tests investigated and most
studies do not provide clear details or thresholds for a positive
or negative test. Most red flags investigated in the literature are
individual tests; however, red flags (like many other tests) are rarely
applied individually in clinical practice, yet these tests continue
to be investigated in the research this way. Future studies should
consider investigating combinations of index tests that seem most
clinically appropriate or relevant for the different types of vertebral
fracture. The results from our review highlight that a few promising
index tests may be relevantin clinical practice, hence future studies
should investigate these index tests to validate their use in a clinical
care. Given the prevalence of vertebral fracture presenting as low
back pain is low, primary diagnostic research requires large sample
sizes to produce robust diagnostic accuracy estimates. These
types of studies are challenging to conduct; however, they have
the potential to reduce unnecessary imaging and its associated
costs in a musculoskeletal condition (i.e. low back pain) that has
been challenged with overimaging and its associated downstream
consequences (Jacobs 2020).
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Study characteristics

Patient Sampling

Study design: prospective cohort

Enrolment procedures: consecutive sample
Sample size: 621; 311 received imaging
Inclusion criteria: people presenting with LBP

Exclusion criteria: maximal pain above T12, evidence of urinary
tract disease, women aged <45 years who did not use contracep-
tion and whose last menstrual period occurred > 10 days previous,
and participants of a concurrent study

Patient characteristics and setting

Age group: adolescents and adults (mean 40.5 years; range 15-86)
years

Gender: 293 male, 328 female
Duration of pain: < 1 month: 447, = 1 month: 146, unknown: 28
History of LBP: 289/621

Healthcare setting: walk-in university clinic
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Deyo 1986 (Continued)

Country: USA

Type of vertebral fracture: vertebral fracture; type unclear from
text

Reasons for withdrawal: unclear from text

Index tests

Index tests

« Significant trauma
» Age>50years
« Corticosteroid use

Methods of execution: checklist

Threshold for positive result on index test: presence or absence
of red flags from checklist

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference test(s): vertebral fracture or malignancy on:

o X-ray - anteroposterior and lateral lumbar views

Flow and timing

Timing of index test and reference test: 84% of imaging was ob-
tained on the day of the index visit or within 6 days thereafter.

Comparative

Notes

Prevalence of vertebral fracture: 4.5%

Methodological quality

Item Authors' judge- Risk of bias Applicability con-
ment cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes

Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced bias? High risk

Are there concerns that the included patients and setting Low concern

do not match the review question?

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without knowledge of Yes

the results of the reference standard?

If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test have Low risk

introduced bias?

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

Low concern
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target ~ Yes
condition?

Were the reference standard results interpreted without No
knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpre- High risk
tation have introduced bias?

Are there concerns that the target condition as defined by Low concern
the reference standard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index testand ref-  No
erence standard?

Did all patients receive the same reference standard? No
Were all patients included in the analysis? No
Could the patient flow have introduced bias? High risk

Enthoven 2016

Study characteristics

Patient Sampling Study design: prospective observational cohort
Enrolment procedures: consecutive sample
Sample size: 669

Inclusion criteria: people consulting a GP with a new episode of back
pain

Exclusion criteria: unable to fill out the questionnaires due to cognitive
impairment, were unable to read and write in Dutch, unable to undergo
physical examination (e.g. people using wheelchairs)

Patient characteristics and setting Age group: adults aged > 55 years
Gender: 269 men, 400 women
Duration of pain: > 3 months: 154/669
History of LBP: 87/669
Healthcare setting: primary care: general practice
Country: Netherlands

Type of vertebral fracture: osteoporotic vertebral fracture (30/33); un-
clear from text type of fracture for 3/30 participants
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Reasons for withdrawal: 6 (0.9%) participants were excluded from the
analyses because they moved to another city during the 1-year follow-up
and, due to a change of GP practice, or diagnosis could not be retrieved.

Index tests

Index tests

o Aged=T75years

« Female sex

« Prolonged corticosteroid use
« Trauma

« Osteoporosis

« Sudden decrease in height

o Percussion tenderness of spine
« Severe disability

+ Acute onset of pain

« Back pain intensity score =7
« Osteoarthritis in hip/knee

« Thoracic back pain

Methods of execution: questionnaire and a structured physical examina-
tion of the back

Threshold for positive result on index test: presence or absence of red
flags from questionnaire and physical examination

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

o lumbar or thoracic X-ray

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of osteoporotic vertebral fracture: 4.5%

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en- Yes

rolled?

Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced High risk

bias?

Are there concerns that the included patients and
setting do not match the review question?

Low concern

DOMAIN 2: Index Test (Index Test)
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Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes

If a threshold was used, was it pre-specified?

Yes

Could the conduct or interpretation of the index test
have introduced bias?

Low risk

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

High risk

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear

Did all patients receive the same reference standard?

Yes

Were all patients included in the analysis?

Yes

Could the patient flow have introduced bias?

Unclear risk

Gibson 1992

Study characteristics

Patient Sampling

Study design: prospective cohort
Enrolment procedures: consecutive sample
Sample size: 225, 108 received imaging

Inclusion criteria: people presenting with pain in the lumbar re-
gion of <48 hours' duration

Exclusion criteria: not reported

Patient characteristics and setting

Age group: adolescents and adults (range 16-65 years)
Gender: not reported

Duration of pain: <48 hours
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Gibson 1992 (continued)

History of LBP: not reported
Healthcare setting: accident and emergency department
Country: UK

Type of vertebral fracture: vertebral fracture; type unclear from
text

Reasons for withdrawal: not reported

Index tests

Index tests

« Trauma
« Trauma and neurological signs
« Neurological signs or straight leg raise <40° (or both)

Methods of execution: questionnaire

Threshold for positive result on index test: presence or absence
of red flags from questionnaire

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

« X-ray; no further details

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of vertebral fracture: 6.5%

Methodological quality

Item Authors' judge- Risk of bias Applicability con-
ment cerns
DOMAIN 1: Patient Selection
Was a consecutive or random sample of patients enrolled? Yes
Did the study avoid inappropriate exclusions? Unclear
Could the selection of patients have introduced bias? Unclear risk
Are there concerns that the included patients and setting do Low concern
not match the review question?
DOMAIN 2: Index Test (Index Test)
Were the index test results interpreted without knowledge of Yes
the results of the reference standard?
If a threshold was used, was it pre-specified? Yes
Could the conduct or interpretation of the index test have Low risk
introduced bias?
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Gibson 1992 (continued)

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target

condition?

Yes

Were the reference standard results interpreted without knowl-  Unclear

edge of the results of the index tests?

Could the reference standard, its conduct, or its interpreta- Unclear risk

tion have introduced bias?

Are there concerns that the target condition as defined by Low concern
the reference standard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-  Unclear

ence standard?

Did all patients receive the same reference standard? No

Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? Unclear risk

Henschke 2009

Study characteristics

Patient Sampling

Study design: prospective cohort
Enrolment procedures: consecutive sample
Sample size: 1172

Inclusion criteria: people presenting with acute LBP, with <1 week
since onset

Exclusion criteria: serious pathology diagnosed prior to consultation,
and the serious pathology was considered to be the cause of the cur-
rent episode of LBP

Patient characteristics and setting

Age group: adults (mean age 43.97 years)
Gender: 626 men, 546 women

Duration of pain: < 1 week: 696, 1-2 weeks: 145, 2-3 weeks: 174, 3-4
weeks: 73, 4-5 weeks: 30, 5-6 weeks 54

History of LBP: 888/1172
Healthcare setting: primary care

Country: Australia
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Henschke 2009 (continued)

Type of vertebral fracture: vertebral fracture; type unclear from text

Reasons for withdrawal: all participants completed follow-up

Index tests

Index tests: 25 red flags total - 5 specific to vertebral fracture

+ Age>T70years

« Significant trauma

« Prolonged use of corticosteroids
« Altered sensation

« Clinician diagnosis of fracture

Methods of execution: checklist

Threshold for positive result on index test: presence or absence of
red flags from checklist

Experience and expertise of assessors: unclear from text

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

« clinical follow-up at 12 months with suspected cases confirmed by
imaging studies and specialist review

Flow and timing

Timing of index test and reference test: time between index test and
reference standard was 12 months

Comparative

Notes

Prevalence of vertebral fracture: 0.68%

Methodological quality

Item

Risk of bias Applicability con-

cerns

Authors' judgement

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled?

Yes

Did the study avoid inappropriate exclusions?

Yes

Could the selection of patients have introduced bias?

Low risk

Are there concerns that the included patients and set-
ting do not match the review question?

Low concern

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes

If a threshold was used, was it pre-specified?

Yes

Could the conduct or interpretation of the index test
have introduced bias?

Low risk

Red flags to screen for vertebral fracture in people presenting with low back pain (Review)
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Henschke 2009 (continued)

Are there concerns that the index test, its conduct, or in- Low concern
terpretation differ from the review question?

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-  No

get condition?

Were the reference standard results interpreted without Unclear

knowledge of the results of the index tests?

Could the reference standard, its conduct, or its inter- Unclear risk

pretation have introduced bias?

Are there concerns that the target condition as defined High
by the reference standard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and No

reference standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Yes
Could the patient flow have introduced bias? High risk

Jin 2020

Study characteristics

Patient Sampling

Study design: prospective observational cohort
Enrolment procedures: consecutive sample
Sample size: 510

Inclusion criteria: presented to the spine clinic with chief complaints of LBP who were
postmenopausal women or women over 50 years old and men over 60 years old or
people with a history of prolonged use of a glucocorticosteroid for = 3 months at any
age

Exclusion criteria: back pain with pain radiating to the limbs or night/resting pain;
definite recent high-energy trauma; an established diagnosis of infection, tumour, or
fractures in other medical facilities before presenting to clinic; back pain with dysfunc-
tion of the central or peripheral nervous system; inability to complete the index test
due to a cognitive deficit, mental impairment, or communication dysfunction (e.g. in-
ability to hear or speak); or failure to complete an MRI scan due to any conditions, such
as claustrophobia or artificial pacemaker implantation

Patient characteristics and setting

Age group: women > 50 years or men > 60 years (mean age 70.6 years)
Gender: 113 men, 397 women
Duration of pain: <2 weeks: 219, 2-8 weeks: 138, = 8 weeks: 153

History of LBP: not reported
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Jin 2020 (Continued)

Healthcare setting: hospital spine clinic

Country: China

Type of vertebral fracture: osteoporotic vertebral fracture
Reasons for withdrawal

« 8 participants refused to attempt the first movement because of cardiac insufficiency
(2) and severe back pain (6)

+ MRI not performed in 56 participants for individual reasons

8 participants with inconclusive or inconsistent MRI results were excluded from the
analysis because of a suspicious malignancy/infection based on MRI

Index tests

Index tests

« Physical examination test (Back Pain-Inducing Test)
« Motion of lying to supine, rolling over, sitting up

Methods of execution: physical examination
Threshold for positive result on index test
Defined as positive:

« participants reporting back pain occurring during any movement or
« participants not being able to perform any of the 3 movements due to back pain

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

« MRIscan with short-tau inversion recovery (STIR) sequencing of the whole spine using
a 1.5-Tesla system. Diagnoses were made by combining T1-weighted images (T1WIs),
T2-weighted images (T2WIs), and STIR images in the sagittal plane.

Flow and timing

Timing of index test and reference test: index test and reference standard both com-
pleted within 3 days.

Comparative

Notes

Prevalence of vertebral fracture: 68%

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns
DOMAIN 1: Patient Selection
Was a consecutive or random sample of Yes
patients enrolled?
Did the study avoid inappropriate exclu- No
sions?
Could the selection of patients have in- High risk
troduced bias?
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Jin 2020 (Continued)

Are there concerns that the included pa- Low concern
tients and setting do not match the re-
view question?

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted Yes
without knowledge of the results of the ref-
erence standard?

If a threshold was used, was it pre-speci- Yes
fied?

Could the conduct or interpretation of Low risk
the index test have introduced bias?

Are there concerns that the index test, Low concern
its conduct, or interpretation differ from
the review question?

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-  Yes
ly classify the target condition?

Were the reference standard results inter- Yes
preted without knowledge of the results of
the index tests?

Could the reference standard, its con- Low risk
duct, or its interpretation have intro-
duced bias?

Are there concerns that the target con- Low concern
dition as defined by the reference stan-
dard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between  Yes
index test and reference standard?

Did all patients receive the same reference  Yes
standard?

Were all patients included in the analysis? No

Could the patient flow have introduced High risk
bias?
Kilic 2021
Study characteristics
Patient Sampling Study design: retrospective cohort
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Kilic 2021 (continued)

Enrolment procedures: unclear from text
Sample size: 136

Inclusion criteria: records of the people admitted to physical thera-
py and rehabilitation polyclinic with complaints of back pain

Exclusion criteria: those whose data could not be accessed; and his-
tory of rheumatological disease, malignancy, and trauma

Patient characteristics and setting Age group: adults (mean age 73.9 years)
Gender: 17 men, 119 women
Duration of pain: not reported
History of LBP: not reported

Healthcare setting: hospital (physiotherapy and rehabilitation poly-
clinic)

Country: Turkey

Type of vertebral fracture: spontaneous osteoporosis vertebral
fracture

Reasons for withdrawal: all participants included in analysis

Index tests Index tests

o Aged=T75years
o Aged 65-75 years

Methods of execution: hospital records system

Threshold for positive result on index test: aged = 75 years and
aged 65-75 years

Experience and expertise of assessors: not reported

Target condition and reference standard(s) Reference test(s): vertebral fracture on:

« radiograph; presence of fractures in participants; T4-L5 in lateral
spinal radiographs anterior, middle, or posterior heights in inter-
vertebrae by semi-quantitative method or lateral height in = 1 ver-
tebra between T4 and L5

Flow and timing Timing of index test and reference test: unclear from text

Comparative

Notes Prevalence of vertebral fracture: 54.4%

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear
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Kilic 2021 (continued)

Did the study avoid inappropriate exclusions?

No

Could the selection of patients have introduced bias?

High risk

Are there concerns that the included patients and setting
do not match the review question?

Unclear

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear

If a threshold was used, was it pre-specified?

Yes

Could the conduct or interpretation of the index test have
introduced bias?

Unclear risk

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

Unclear risk

Are there concerns that the target condition as defined by
the reference standard does not match the question?

Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear

Did all patients receive the same reference standard?

Yes

Were all patients included in the analysis?

Yes

Could the patient flow have introduced bias?

Unclear risk

Patrick 1983

Study characteristics

Patient Sampling

Study design: retrospective chart review

Enrolment procedures: consecutive sample, reason for patient
presentation not clear

Sample size: 552
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Patrick 1983 (continued)

Inclusion criteria: lumbar spine series ordered in the emergency
departments were enroled

Exclusion criteria: unclear from text

Patient characteristics and setting Age group: children to adults (range 6-95 years)
Gender: 296 male, 256 female
Duration of pain: unclear from text
History of LBP: unclear from text

Healthcare setting: accident and emergency department and uni-
versity hospital medical centre

Country: USA
Type of vertebral fracture: vertebral compression fracture

Reasons for withdrawal: all participants included in analysis

Index tests Index tests

« Trauma

« Tenderness

« LBP with radiation or hip pain, or both
* Spasm

« Sensory deficit

« Motor deficit

« Tendon reflex abnormality

« Positive straight leg raise

« Contusion/abrasion

o Multiple findings

Methods of execution: hospital records system

Threshold for positive result on index test: presence or absence
of red flags from checklist

Experience and expertise of assessors: not reported

Target condition and reference standard(s) Reference test(s): vertebral fracture on:

« X-ray; not further defined

Flow and timing Timing of index test and reference standard: index test and refer-
ence standard performed at time of admission

Comparative

Notes Prevalence of vertebral fracture: 7.2%

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection
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Patrick 1983 (continued)

Was a consecutive or random sample of patients enrolled? Unclear

Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced bias? Unclear risk

Are there concerns that the included patients and setting Unclear

do not match the review question?

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without knowledge of Unclear
the results of the reference standard?

If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index test have Unclear risk
introduced bias?

Are there concerns that the index test, its conduct, or in- Low concern
terpretation differ from the review question?

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target  Yes
condition?

Were the reference standard results interpreted without Unclear
knowledge of the results of the index tests?

Could the reference standard, its conduct, or its interpre- Unclear risk
tation have introduced bias?

Are there concerns that the target condition as defined by Low concern
the reference standard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-  Yes
erence standard?

Did all patients receive the same reference standard? Yes

Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? Low risk
Premkumar 2018

Study characteristics

Patient Sampling Study design: retrospective cohort

Enrolment procedures: consecutive sample

Sample size: 9940
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Premkumar 2018 (Continued)

Inclusion criteria: people who presented as a new patient with a
chief complaint of LBP with or without leg pain

Exclusion criteria: chief complaint of deformity rather than pain,
chief complaint of neck pain

Patient characteristics and setting Age group: adults (mean age 56.8 years)
Gender: 5102 men, 4838 women
Duration of pain: not reported
History of LBP: not reported
Healthcare setting: academic multidisciplinary spine centre
Country: USA

Type of vertebral fracture: vertebral fracture; type unclear from
text

Reasons for withdrawal: all participants included in analysis

Index tests Index tests

» Age>50years

« Age>T70years

« Trauma

« Combination 1: trauma and age > 50 years
« Combination 2: trauma and age > 70 years

Methods of execution: questionnaire

Threshold for positive result on index test: presence or absence
of red flags from questionnaire

Experience and expertise of assessors: fellowship trained spine
surgeons

Target condition and reference standard(s) Reference test(s): vertebral fracture on:

« imaging; type of imaging not specified. Diagnostic information
was drawn directly from the physician entry and was corroborat-
ed by imaging reports.

Flow and timing Timing of index test and reference test: unclear from text

Comparative

Notes Prevalence of vertebral fracture: 5.6%

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes
Did the study avoid inappropriate exclusions? Yes
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Premkumar 2018 (Continued)

Could the selection of patients have introduced bias?

Low risk

Are there concerns that the included patients and setting
do not match the review question?

Low concern

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear

If a threshold was used, was it pre-specified?

Yes

Could the conduct or interpretation of the index test have
introduced bias?

Unclear risk

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target

condition?

Yes

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

Unclear risk

Are there concerns that the target condition as defined by
the reference standard does not match the question?

Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear

Did all patients receive the same reference standard?

Unclear

Were all patients included in the analysis?

Yes

Could the patient flow have introduced bias?

Unclear risk

Reinus 1998

Study characteristics

Patient Sampling

Study design: prospective cohort
Enrolment procedures: unclear from text
Sample size: 482

Inclusion criteria: all patients receiving lumbosacral radiographs
in a 14-month period
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Reinus 1998 (continued)

Exclusion criteria: unclear from text

Patient characteristics and setting

Age group: adolescents and adults (range 17-98 years)
Gender: 168 male, 314 female

Duration of pain: unclear from text

History of LBP: unclear from text

Healthcare setting: accident and emergency department
Country: USA

Type of vertebral fracture: vertebral compression fracture

Reasons for withdrawal: unclear from text

Index tests

Index test(s)

« Trauma
» Neurological deficit
« Trauma or neoplasm (indeterminate age fracture)

Methods of execution: questionnaire

Threshold for positive result on index test: presence or absence
of red flags from questionnaire

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

« X-ray - lumbosacral anteroposterior, lateral, bilateral posterior
oblique, and coned down radiological views lumbar views

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of fracture: 11%

Methodological quality

Item Authors' judge- Risk of bias Applicability con-
ment cerns
DOMAIN 1: Patient Selection
Was a consecutive or random sample of patients enrolled? Unclear
Did the study avoid inappropriate exclusions? Unclear
Could the selection of patients have introduced bias? Unclear risk
Are there concerns that the included patients and setting do Low concern
not match the review question?
DOMAIN 2: Index Test (Index Test)
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Reinus 1998 (continued)

Were the index test results interpreted without knowledge of Yes

the results of the reference standard?

If a threshold was used, was it pre-specified? No

Could the conduct or interpretation of the index test have High risk
introduced bias?

Are there concerns that the index test, its conduct, or inter- Low concern
pretation differ from the review question?

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target Yes

condition?

Were the reference standard results interpreted without knowl-  Unclear

edge of the results of the index tests?

Could the reference standard, its conduct, or its interpreta- Unclear risk
tion have introduced bias?

Are there concerns that the target condition as defined by Low concern
the reference standard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer- ~ Unclear

ence standard?

Did all patients receive the same reference standard? Yes

Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? Unclear risk

Roman 2010

Study characteristics

Patient Sampling

Study design: retrospective chart review

Enrolment procedures: consecutive sample

Sample size: 1448

Inclusion criteria: all patients with a lumbar-related disorder

Exclusion criteria: unclear from text

Patient characteristics and setting

Age group: adults
Gender: 587 men, 861 women
Duration of pain: not reported

History of LBP: not reported
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Roman 2010 (Continued)

Healthcare setting: university; Department of Surgery
Country: USA

Type of vertebral fracture: osteoporotic vertebral compression
fracture

Reasons for withdrawal: all participants included in analysis

Index tests

Index tests

+ Gender

+ Age

« BMI

« Gait abnormality

+ Regular exercise

« Sitting pain

+ Osteoarthritis

» Legor buttock pain
« Multiple signs

Methods of execution: clinical examination

Threshold for positive result on index test: presence or absence
of red flags from during physical examination

Experience and expertise of assessors: 2 assessors (4 and 22
years' experience)

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

« standard radiograph or CT; assessing sagittal alignment, verte-
bral body compression, and spinal canal dimensions

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of vertebral fracture: 3%

Methodological quality

Item Authors' judge- Risk of bias Applicability con-
ment cerns
DOMAIN 1: Patient Selection
Was a consecutive or random sample of patients enrolled? Yes
Did the study avoid inappropriate exclusions? Unclear
Could the selection of patients have introduced bias? Unclear risk
Are there concerns that the included patients and setting do Low concern
not match the review question?
DOMAIN 2: Index Test (Index Test)
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Roman 2010 (Continued)

Were the index test results interpreted without knowledge of Unclear

the results of the reference standard?

If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test have Unclear risk
introduced bias?

Are there concerns that the index test, its conduct, or inter- Low concern
pretation differ from the review question?

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target Yes

condition?

Were the reference standard results interpreted without knowl-  Unclear

edge of the results of the index tests?

Could the reference standard, its conduct, or its interpreta- Unclear risk
tion have introduced bias?

Are there concerns that the target condition as defined by Low concern
the reference standard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer- ~ Unclear

ence standard?

Did all patients receive the same reference standard? No

Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? High risk

Scavone 1981

Study characteristics

Patient Sampling

Study design: retrospective chart review
Enrolment procedures: unclear from text
Sample size: 871

Inclusion criteria: people with lumbar spine X-ray

Exclusion criteria: unclear from text

Patient characteristics and setting

Age group: unclear from text
Gender: unclear from text
Duration of pain: unclear from text

History of LBP: unclear from text
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Scavone 1981 (Continued)

Healthcare setting: university teaching hospital medical centre
Country: USA
Type of vertebral fracture: vertebral fracture; unclear from text

Reasons for withdrawal: unclear from text; history for 57 patients
could not be obtained

Index tests

Index tests

« Major trauma

« Minortrauma

« Tenderness

« LBP with radiation

« Hip/leg pain

« Muscle spasm

« Neurological deficits

« Sciatica

« Abnormal physical examination

Methods of execution: chart

Threshold for positive result on index test: presence or absence
of red flags from chart

Experience and expertise of assessors: unclear from text

Target condition and reference standard(s)

Reference test(s): vertebral fracture on

« AP and lateral X-ray views

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of vertebral fracture: 3%

Methodological quality

Item Authors' judge- Risk of bias Applicability con-
ment cerns
DOMAIN 1: Patient Selection
Was a consecutive or random sample of patients enrolled? Unclear
Did the study avoid inappropriate exclusions? Unclear
Could the selection of patients have introduced bias? Unclear risk
Are there concerns that the included patients and setting do Unclear
not match the review question?
DOMAIN 2: Index Test (Index Test)
Were the index test results interpreted without knowledge of Yes
the results of the reference standard?
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Scavone 1981 (Continued)

If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index test have Unclear risk
introduced bias?

Are there concerns that the index test, its conduct, or inter- Low concern
pretation differ from the review question?

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target Yes
condition?

Were the reference standard results interpreted without knowl-  Unclear
edge of the results of the index tests?

Could the reference standard, its conduct, or its interpreta- Unclear risk
tion have introduced bias?

Are there concerns that the target condition as defined by Low concern
the reference standard does not match the question?

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-  Unclear
ence standard?

Did all patients receive the same reference standard? Yes
Were all patients included in the analysis? Unclear
Could the patient flow have introduced bias? Unclear risk

Sugiura 2021

Study characteristics

Patient Sampling Study design: retrospective comparative cohort study
Enrolment procedures: consecutive sample
Sample size: 101
Inclusion criteria: adolescent presenting for rehabilitation within 1 month of
acute LBP
Exclusion criteria: participants with lower extremity symptoms (to exclude
the possibility of radicular back pain), clear spondylolysis or spondylolisthesis
based on plain radiography findings, and other spinal disorders based on MRI
findings

Patient characteristics and setting Age group: adolescents aged < 18 years (mean age 14.4 years; range 10-18
years)
Gender: 74 male, 27 female
Duration of pain: <1 month
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Sugiura 2021 (Continued)

History of LBP: not reported

Healthcare setting: unclear from text

Country: Japan

Type of vertebral fracture: early-stage spondylolysis; vertebral stress fracture

Reasons for withdrawal: unclear from text; participants missing from analy-
sis

Index tests

Index tests

« Gender

« Participation in sports activities

« Presence or absence of LBP during lumbar spine extension in a standing po-
sition (the hyperextension test)

« Presence or absence of LBP during lumbar spine flexion in a standing posi-
tion (the hyperflexion test)

« Pain quality (sharp or dull)
« Pain extent (categorised as a fingertip-sized or palm-sized area)
« Pain location (pain on the left or right side (or both) or central pain centre)

Methods of execution: physical examination

Threshold for positive result on index test: presence or absence of red flags
during physical examination

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference tests: vertebral fracture on:

« MRI; the diagnosis was made when the lumbar spine pedicle showed high
signalintensity on fat saturation T2-weighted images and low signal intensity
on T1-weighted images

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of vertebral fracture: 52.5%

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns
DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients Yes

enrolled?

Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced High risk

bias?

Are there concerns that the included patients
and setting do not match the review question?

Low concern
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Sugiura 2021 (Continued)
DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Unclear

If a threshold was used, was it pre-specified?

Yes

Could the conduct or interpretation of the index
test have introduced bias?

Unclear risk

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Unclear

Could the reference standard, its conduct, or its
interpretation have introduced bias?

Unclear risk

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear

Did all patients receive the same reference stan-
dard?

Yes

Were all patients included in the analysis?

Yes

Could the patient flow have introduced bias?

Unclear risk

Therriault 2020

Study characteristics

Patient Sampling

Study design: retrospective case series

Enrolment procedures: consecutive sample

Sample size: 1025

Inclusion criteria: people with a primary complaint of LBP

Exclusion criteria: person did not participate in an organised sport, defined
as physical activity with formal practice or competition = 2 times per week, or
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Therriault 2020 (continued)

diagnosis of spondylolysis was not substantiated by imaging. Any patient with-
out a report of LBP was removed from the potential patient list.

Patient characteristics and setting

Age group: adolescents (mean age 15 years)

Gender: 455 male, 570 female

Duration of pain: mean duration 19.5 weeks

History of LBP: 253/1025 participants

Healthcare setting: sports medicine department at a large children's hospital
Country: USA

Type of vertebral fracture: active spondylolysis (vertebral stress fracture)

Reasons for withdrawal: all participants included in analysis

Index tests

Index tests

« Physical examination and history

* Sex

« Previous history of LBP

« Painatrest

« Pain reported with lumbar extension
« Pain reported with lumbar flexion

« Painreported with lumbar rotation

« Pain reported with lumbar lateral flexion
« Radicular symptoms reported

« Numbness or tingling reported

« Single-leg Hyperextension Test

« Vertebral tenderness

Methods of execution: physical examination and history

Threshold for positive result on index test: presence or absence of red flags
during physical examination and history

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

« anteroposterior and standing lateral radiographs; if radiographs did not
identify a spondylolytic injury and the physician suspected this diagnosis fur-
ther imaging was performed;

« MRI;or

« SPECT.

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of vertebral fracture: 22%

Methodological quality

Item

Authors' judgement Risk of bias Applicability concerns
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DOMAIN 1: Patient Selection

Cochrane Database of Systematic Reviews

Was a consecutive or random sample of patients
enrolled?

Yes

Did the study avoid inappropriate exclusions?

Yes

Could the selection of patients have introduced
bias?

Low risk

Are there concerns that the included patients
and setting do not match the review question?

Low concern

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without

knowledge of the results of the reference standard?

No

If a threshold was used, was it pre-specified?

Yes

Could the conduct or interpretation of the index
test have introduced bias?

High risk

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes

Were the reference standard results interpreted

without knowledge of the results of the index tests?

No

Could the reference standard, its conduct, or its
interpretation have introduced bias?

High risk

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear

Did all patients receive the same reference stan-
dard?

No

Were all patients included in the analysis?

Yes

Could the patient flow have introduced bias?

High risk
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Study characteristics

Patient Sampling

Study design: retrospective chart review
Enrolment procedures: random sample
Sample size: 2007

Inclusion criteria: people with full radiographic and demographic
details

Exclusion criteria: unclear from text

Patient characteristics and setting

Age group: adolescents and adults (range 0 to > 75 years) (age
range as reported by study authors)

Gender: 845 male, 1162 female
Duration of pain: not reported
History of LBP: not reported
Healthcare setting: hospital setting
Country: UK

Type of vertebral fracture: osteoporotic and traumatic fracture;
data not differentiated for different type of fracture

Reasons for withdrawal: not reported

Index tests

Index tests

+ Age
« Gender

Methods of execution: hospital records system

Threshold for positive result on index test: presence or absence
of red flags from hospital record system

Experience and expertise of assessors: not reported

Target condition and reference standard(s)

Reference test(s): vertebral fracture on:

« X-ray; not further defined

Flow and timing

Timing of index test and reference test: unclear from text

Comparative

Notes

Prevalence of vertebral fracture: 4.1%

Methodological quality

Item Authors' judge- Risk of bias Applicability con-
ment cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes
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van den Bosch 2004 (continued)

Did the study avoid inappropriate exclusions?

Unclear

Could the selection of patients have introduced bias?

Unclear risk

Are there concerns that the included patients and setting do
not match the review question?

Low concern

DOMAIN 2: Index Test (Index Test)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes

If a threshold was used, was it pre-specified?

Yes

Could the conduct or interpretation of the index test have
introduced bias?

Low risk

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

Unclear risk

Are there concerns that the target condition as defined by
the reference standard does not match the question?

Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear

Did all patients receive the same reference standard?

Yes

Were all patients included in the analysis?

Yes

Could the patient flow have introduced bias?

Unclear risk

AP: anterior-posterior; BMI: body mass index; CT: computed tomography; GP: general practitioner; LBP: low back pain; MRI: magnetic
resonance imaging; SPECT: single-photon emission computerised tomography.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Althoff 2017

Inappropriate population sample investigated

Baleanu 2020

Inappropriate population sample investigated
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Study Reason for exclusion

Bian 2022 People already diagnosed with vertebral fracture
Borgen 2020 Inappropriate population sample investigated
Bottai 2016 People already diagnosed with vertebral fracture
Cheung 2018 Inappropriate study design

Clark 2017 Inappropriate study design

Della-Giustina 2013

Inappropriate study design

Della-Giustina 2015

Inappropriate study design

Durham 1995

Inappropriate population sample investigated

Enoki 2022

Inappropriate population sample investigated

Finucane 2020

Inappropriate study design

Frankel 1994

Inappropriate population sample investigated

Gaddikeri 2018

No index test assessed

Galliker 2019

Wrong study design

Gazzola 2015

Inappropriate population sample investigated

Gestring 2002

Inappropriate population sample investigated

Gill 2013 Inappropriate population sample investigated
Hiett 2014 No appropriate data available

Holmes 2003 Inappropriate population sample investigated
Hsu 2003 Inappropriate population sample investigated

Johannesdottir 2021

Inappropriate study design

Johansson 2018

Inappropriate population sample investigated

Kendler 2016

Inappropriate study design

Khera 2022 No appropriate data available

Kherad 2015 Inappropriate population sample investigated
Korner 2014 Inappropriate study design

Kuru 2014 Inappropriate population sample investigated
Manji 2022 People already diagnosed with vertebral fracture

Mazziotti 2016

Inappropriate population sample investigated
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Study

Reason for exclusion

Min 2017

Inappropriate study design

Mizukami 2014

No index test assessed

Moretti 2019

Inappropriate population sample investigated

Padlina 2017

Inappropriate population sample investigated

Pressney 2014

Inappropriate study design

Rajakulasingam 2022

Inappropriate population sample investigated

Rapala 2012

No appropriate data available

Reito 2018

No appropriate data available

Rudman 2019

Inappropriate population sample investigated

Sakai 2016

Inappropriate population sample investigated

Samuels 1993

Inappropriate population sample investigated

Scaturro 2020

No appropriate data available

Shah 2021

Inappropriate population sample investigated

Soto-Subiabre 2020

People already diagnosed with vertebral fracture

St Jeor 2020 Inappropriate population sample investigated
Sucato 2012 Inappropriate study design
Terakado 2017 No index test assessed

Terregino 1995

Inappropriate population sample investigated

Trout 2015

Inappropriate study design

Upadhye 2016

Inappropriate study design

van der Jagt-Willems 2012

Inappropriate population sample investigated

Yoshimura 2017

Inappropriate population sample investigated

Zong 2016

Inappropriate population sample investigated

Zorin 2020

Inappropriate population sample investigated

LBP: low back pain.

DATA

Presented below are all the data for all of the tests entered into the review.

Red flags to screen for vertebral fracture in people presenting with low back pain (Review)
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

128

57



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Table Tests. Data tables by test

Test No. of studies No. of participants
1 Age > 50 years 3 11423
2 Age > 54 years 2 3179
3 Age>52years 1 1449
4 Age > 64 years 2 3179
5Age>T70years 2 11112
6 Age > 74 years 2 3179
7 Female gender 5 5250
8 Female > 54 years 2 3179
9 Female > 64 years 2 3182
10 Female > 74 years 2 3280
11 Trauma 8 14105
12 Corticosteroid use 3 2152
130A 2 2117
14 No regular exercise 1 1448
15 Sensation change 4 3620
16 Motor deficit 2 1424
17 DTR abnormality 2 1423
18 Neurological signs 2 590
19 SLR 1 552
20 Tenderness 3 2427
21 Spasm 2 1423
22 Contusion/abrasion 1 552
23 Sciatica 2 1896
24 Hip/leg pain 1 871
25 Absence of buttock/leg pain 1 1448
26 BMI <23 1 1448
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Test No. of studies No. of participants
27 Decreased pain on sitting 1 1448
28 No gait abnormality 1 1448
29 Trauma and neurological signs 1 108
30 Multiple findings 1 552
31 Henschke rule 1 sign positive 1 1172
32 Henschke rule 2 positive signs 1 1172
33 Henschke rule 3 positive signs 1 1172
341 of 5 positive - Roman Cluster 1 1449
352 of 5 positive - Roman Cluster 1 1449
36 3 of 5 positive - Roman Cluster 1 1448
37 4 of 5 positive - Roman Cluster 1 1448
38 5 of 5 positive - Roman Cluster 1 1448
39 Age =75 years 2 805
40 Osteoporosis 1 669
41 Percussion tenderness of spine 1 669
42 Sudden decrease in height 1 669
43 Severe disability 1 669
44 Acute onset of pain 1 669
45 Back pain score =7 1 669
46 Thoracic back pain 1 669
47 BPIT 1 510
48 Age 65-T5 years 1 136
49 Participation in sports 1 100
50 Hyperextension 2 1111
51 Hyperflexion 2 1109
52 Sharp pain 1 82
53 Pain extent (fingertip size) 1 96
54 Pain location 1 99
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Test No. of studies No. of participants
55 Previous history of LBP 1 1025

56 Waking night pain 1 1025

57 Lumbar rotation 1 1010

58 Lumbar lateral flexion 1 1012

59 Single leg hyperextension 1 989

60 2 of 3 negative - Therriault cluster 0 0

61 2 of 3 positive - Therriault cluster 0 0

62 3 of 3 negative - Therriault cluster 0 0

Test 1. Age>50years

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Deyo 1986 11 108 3 189 0.79 [0.49, 0.95] 0.64 [0.58, 0.69] _— -
Henschke 2009 5 395 3 769 0.63[0.24, 0.91] 0.66 [0.63, 0.69] _ = -
Premkumar 2018 410 6300 144 3086 0.74[0.70, 0.78] 0.33[0.32, 0.34] - "

Test 2. Age > 54 years

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 5 283 3 881 0.63[0.24, 0.91] 0.76 [0.73, 0.78] - S— -
van den Bosch 2004 69 932 14 992 0.83 [0.73, 0.90] 0.52 [0.49, 0.54] - -

0 02 04 06 08 10 02 04 06 08 1

Test3. Age>52years

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 36 867 2 544 0.95 [0.82, 0.99] 0.39[0.36, 0.41] e -

0 02 04 06 08 10 02 04 06 08 1

Test 4. Age > 64 years

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 5 102 3 1062 0.63 [0.24, 0.91] 0.91[0.89, 0.93] _ = n
van den Bosch 2004 65 613 18 1311 0.78[0.68, 0.87] 0.68 [0.66, 0.70] P ™
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Test5. Age>T70years

Study TP FP FN TN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 4 52 4 1112 0.50 [0.16, 0.84] 0.96 [0.94, 0.97] JE—— 0
Premkumar 2018 171 1875 383 7511 0.31[0.27, 0.35] 0.80 [0.79, 0.81] — 0

0 02 04 06 08 10 02 04 06 08 1

Test 6. Age>T4years

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 2 31 6 1133 0.25[0.03, 0.65] 097[0.96,098] — g n
van den Bosch 2004 49 308 34 1616 0.59 [0.48, 0.70] 0.84[0.82, 0.86] — -

0 02 04 06 08 10 02 04 06 08 1

Test 7. Female gender

Study P FP  FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 2 378 11 258 0.67 [0.48, 0.82] 0.41[0.37, 0.44] —— =

Roman 2010 34 832 4 578 0.89 [0.75, 0.97] 0.41[0.38, 0.44] — O

Sugiura 2021 10 17 43 31 0.19 [0.09, 0.32] 0.65 [0.49, 0.78] —_ —
Therriault 2020 97 473 131 324 0.43 [0.36, 0.49] 0.41 [0.37, 0.44] — =

van den Bosch 2004 60 1101 23 823 0.72 [0.61, 0.82] 0.43 [0.41, 0.45] — O

Test 8. Female > 54 years

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 5 135 3 1029 0.63 [0.24, 0.91] 0.88 [0.86, 0.90] _ = n

van den Bosch 2004 52 600 31 1324 0.63[0.51, 0.73] 0.69[0.67, 0.71] — -

Test 9. Female > 64 years

Study TP FP FN TN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 5 50 3 1117 0.63[0.24, 0.91] 0.96 [0.94, 0.97] J——— -
van den Bosch 2004 49 413 34 1511 0.59 [0.48, 0.70] 0.79[0.77, 0.80] — 0

Test 10. Female > 74 years

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 2 18 6 1146 0.25[0.03, 0.65] 0.98[0.98, 0.99] J — ™
van den Bosch 2004 37 207 46 1818 0.45 [0.34, 0.56] 0.90 [0.88, 0.91] R ™

0 02 04 06 08 10 02 04 06 08 1
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Test11. Trauma
Study P FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Deyo 1986 3 33 11 264 0.21[0.05, 0.51] 0.89[0.85, 0.92] [ — -
Enthoven 2016 7 21 26 615 0.21 [0.09, 0.39] 0.97 [0.95, 0.98] e n
Gibson 1992 7 49 0 52 1.00 [0.59, 1.00] 0.51[0.41, 0.62] [ .
Henschke 2009 2 29 6 1135 0.25[0.03, 0.65] 0.98 [0.96, 0.98] P — ™
Patrick 1983 32 231 8 281 0.80 [0.64, 0.91] 0.55 [0.50, 0.59] R — -
Premkumar 2018 137 1067 417 8319 0.25[0.21, 0.29] 0.89 [0.88, 0.89] - .
Reinus 1998 4 169 51 258 0.07 [0.02, 0.18] 0.60[0.56,0.65] _m -
Scavone 1981 17 43 9 802 0.65[0.44, 0.83] 0.95[0.93, 0.96] [ — ™
0 02 04 06 08 10 02 04 06 08 1
Test 12. Corticosteroid use
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Deyo 1986 0 2 14 295 0.00 [0.00, 0.23] 0.99[0.98,1.00] p—— »
Enthoven 2016 6 47 27 589 0.18[0.07, 0.35] 0.93[0.90, 0.95] — . -
Henschke 2009 2 6 6 1158 0.25[0.03, 0.65] 0.99 [0.99, 1.00] _—- "
0 02 04 06 08 10 02 04 06 08 1
Test 13. OA
Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 5 194 28 442 0.15[0.05, 0.32] 0.69 [0.66, 0.73] S -
Roman 2010 19 671 19 739 0.50 [0.33, 0.67] 0.52 [0.50, 0.55] - = -
0 02 04 06 08 10 02 04 06 08 1
Test 14. No regular exercise
Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 31 785 7 625 0.82 [0.66, 0.92] 0.44[0.42, 0.47] . -
0 02 04 06 08 10 02 04 06 08 1
Test 15. Sensation change
Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 0 19 8 1145 0.00 [0.00, 0.37] 0.98[0.97,0.99] p»——M ™
Patrick 1983 1 9 39 503 0.03 [0.00, 0.13] 0.98[0.97,0.99] @m— ™
Scavone 1981 7 103 19 742 0.27 [0.12, 0.48] 0.88[0.85, 0.90] PR — -
Therriault 2020 28 142 200 655 0.12[0.08, 0.17] 0.82[0.79, 0.85] - -
0 02 04 06 08 10 02 04 06 08 1
Test 16. Motor deficit
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Patrick 1983 1 4 40 508 0.02 [0.00, 0.13] 0.99[0.98,1.00] m— n
Scavone 1981 6 89 20 756 0.23[0.09, 0.44] 0.89[0.87, 0.91] P T -
0 02 04 06 08 1 0 02 04 06 08 1
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Test 17. DTR abnormality

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Patrick 1983 3 25 37 487 0.07 [0.02, 0.20] 0.95[0.93,097] _m— a
Scavone 1981 3 90 23 755 0.12 [0.02, 0.30] 0.89[0.87,091] _g -

0 02 04 06 08 1 0 02 04 06 08 1

Test 18. Neurological signs

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Gibson 1992 2 12 5 89 0.29 [0.04, 0.71] 0.88[0.80,094] g =
Reinus 1998 3 34 52 393 0.05[0.01, 0.15] 0.92[0.89,0.94] -g— O

0 02 04 06 08 1 0 02 04 06 08 1

Test19. SLR

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Patrick 1983 7 88 33 424 0.17 [0.07, 0.33] 0.83[0.79, 0.86] . -

0 02 04 06 08 10 02 04 06 08 1

Test 20. Tenderness
Study TP FP FN TN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Patrick 1983 29 211 11 301 0.72 [0.56, 0.85] 0.59 [0.54, 0.63] . -
Scavone 1981 13 225 13 620 0.50 [0.30, 0.70] 0.73[0.70, 0.76] . e -
Therriault 2020 29 120 195 660 0.13[0.09, 0.18] 0.85 [0.82, 0.87]
0 02 04 06 08 10 02 04 06 08 1
Test21. Spasm

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Patrick 1983 10 87 30 425 0.25[0.13, 0.41] 0.83[0.79, 0.86] e -
Scavone 1981 3 78 23 767 0.12 [0.02, 0.30] 0.91[0.89,0.93] _g -

0 02 04 06 08 1 0 02 04 06 08 1

Test 22. Contusion/abrasion

Study TP FP FN N Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Patrick 1983 34 14 6 498 0.85 [0.70, 0.94] 0.97 [0.95, 0.98] = n

0 02 04 06 08 10 02 04 06 08 1

Test 23. Sciatica
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Scavone 1981 1 77 25 768 0.04 [0.00, 0.20] 0.91[0.89,0.93] -
Therriault 2020 6 11 222 786 0.03 [0.01, 0.06] 0.99[0.98,0.99] m .
0 02 04 06 08 10 02 04 06 08 1
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Test 24. Hip/leg pain

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Scavone 1981 0o 73 26 772 0.00 [0.00, 0.13] 0.91[0.89,0.93] p— ™

0 02 04 06 08 10 02 04 06 08 1

Test 25. Absence of buttock/leg pain

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 12 199 26 1211 0.32[0.18, 0.49] 0.86 [0.84, 0.88] — . ™

0 02 04 06 08 10 02 04 06 08 1

Test26. BMI<23

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 14 234 24 1176 0.37[0.22, 0.54] 0.83[0.81, 0.85] —- -

0 02 04 06 08 10 02 04 06 08 1

Test 27. Decreased pain on sitting

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 1 262 27 1148 0.29 [0.15, 0.46] 0.81[0.79, 0.83] R n

0 02 04 06 08 10 02 04 06 08 1

Test 28. No gait abnormality

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 25 1086 13 324 0.66 [0.49, 0.80] 0.23[0.21, 0.25] [ — -

0 02 04 06 08 10 02 04 06 08 1

Test 29. Trauma and neurological signs

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Gibson 1992 2 2 5 99 0.29[0.04, 0.71] 0.98 [0.93, 1.00] — -
0 02 04 06 08 10 02 04 06 08 1

Test 30. Multiple findings

Study TP FP FN TN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Patrick 1983 17 106 23 406 0.42[0.27, 0.59] 0.79 [0.76, 0.83] R — -
0 02 04 06 08 10 02 04 06 08 1

Test 31. Henschke rule 1 sign positive

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 7 582 1 582 0.88 [0.47, 1.00] 0.50 [0.47, 0.53] R — -

0 02 04 06 08 10 02 04 06 08 1
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Test 32. Henschke rule 2 positive signs

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 5 47 3 1117 0.63[0.24,0.91] 0.96 [0.95, 0.97] S 0
0 02 04 06 08 10 02 04 06 08 1
Test 33. Henschke rule 3 positive signs
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Henschke 2009 3 0 5 1164 0.38 [0.09, 0.76] 1.00 [1.00, 1.00] S .
0 02 04 06 08 10 02 04 06 08 1
Test 34. 1 of 5 positive - Roman Cluster
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 37 1324 1 87 0.97 [0.86, 1.00] 0.06 [0.05, 0.08] — o
0 02 04 06 08 10 02 04 06 08 1

Test 35. 2 of 5 positive - Roman Cluster

Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 36 933 2 478 0.95[0.82, 0.99] 0.34[0.31, 0.36] — = -

0 02 04 06 08 10 02 04 06 08 1

Test 36. 3 of 5 positive - Roman Cluster

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 29 440 9 970 0.76 [0.60, 0.89] 0.69 [0.66, 0.71] — -
0 02 04 06 08 10 02 04 06 08 1

Test 37. 4 of 5 positive - Roman Cluster

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 14 54 24 1356 0.37[0.22, 0.54] 0.96 [0.95, 0.97] — n
0 02 04 06 08 10 02 04 06 08 1
Test 38. 5 of 5 positive - Roman Cluster
Study TP FP FN N Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Roman 2010 1 5 36 1406 0.03 [0.00, 0.14] 1.00[0.99, 1.00] m— ¥
0 02 04 06 08 1 0 02 04 06 08 1
Test 39. Age =75 years
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 15 94 18 542 0.45[0.28, 0.64] 0.85[0.82, 0.88] - = -
Kilic 2021 39 13 35 49 0.53[0.41, 0.64] 0.79 [0.67, 0.88] — - .
0 02 04 06 08 10 02 04 06 08 1
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Test 40. Osteoporosis
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 12 74 21 562 0.36 [0.20, 0.55] 0.88 [0.86, 0.91] . -
0 02 04 06 08 10 02 04 06 08 1
Test 41. Percussion tenderness of spine
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 7 120 26 516 0.21[0.09, 0.39] 0.81[0.78, 0.84] . =
0 02 04 06 08 10 02 04 06 08 1
Test 42. Sudden decrease in height
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 3 20 30 616 0.09 [0.02, 0.24] 0.97[0.95,098] _g -
0 02 04 06 08 10 02 04 06 08 1
Test 43. Severe disability
Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 9 76 24 560 0.27 [0.13, 0.46] 0.88 [0.85, 0.90] P -
0 02 04 06 08 10 02 04 06 08 1
Test 44. Acute onset of pain
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 10 222 23 414 0.30[0.16, 0.49] 0.65 [0.61, 0.69] — . -
0 02 04 06 08 10 02 04 06 08 1
Test 45. Back painscore=7
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 22 233 11 403 0.67 [0.48, 0.82] 0.63 [0.59, 0.67] o -
0 02 04 06 08 10 02 04 06 08 1
Test 46. Thoracic back pain
Study TP FP FN TN  Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Enthoven 2016 14 138 19 498 0.42[0.25, 0.61] 0.78 [0.75, 0.81] e =
0 02 04 06 08 10 02 04 06 08 1
Test 47. BPIT
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Jin2020 342 53 3 112 0.99 [0.97, 1.00] 0.68 [0.60, 0.75] - I
0 02 04 06 08 10 02 04 06 08 1
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Test 48. Age 65-75 years
Study TP FP FN 1IN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

Kilic 2021 35 49 39 13 0.47 [0.36, 0.59] 0.21[0.12, 0.33] J—

T —

0 02 04 06 08 1

02 04 06 08

1
Test 49. Participation in sports
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Sugiura 2021 53 45 0 2 1.00 [0.93, 1.00] 0.04[0.01, 0.15] o =
0 02 04 06 08 10 02 04 06 08 1
Test 50. Hyperextension
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Sugiura 2021 41 43 1 4 0.79 [0.65, 0.89] 0.09 [0.02, 0.20] . -
Therriault 2020 200 542 28 242 0.88 [0.83, 0.92] 0.31[0.28, 0.34] - =
0 02 04 06 08 02 04 06 08 1
Test 51. Hyperflexion
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Sugiura 2021 25 37 26 10 0.49 [0.35, 0.63] 0.21[0.11, 0.36] J— —
Therriault 2020 66 204 161 580 0.29[0.23, 0.35] 0.74[0.71,077) - . . . . = .
0 02 04 06 08 02 04 06 08 1
Test 52. Sharp pain
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Sugiura 2021 32 20 12 18 0.73 [0.57, 0.85] 0.47 [0.31, 0.64] J—— N —
0 02 04 06 08 10 02 04 06 08 1
Test 53. Pain extent (fingertip size)
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Sugiura 2021 29 13 21 33 0.58 [0.43, 0.72] 0.72[0.57, 0.84] — P
0 02 04 06 08 10 02 04 06 08 1
Test 54. Pain location
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Sugiura 2021 47 17 6 29 0.89 [0.77, 0.96] 0.63 [0.48, 0.77] — T
0 02 04 06 08 10 02 04 06 08 1
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Test 55. Previous history of LBP

Study TP FP FN TN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Therriault 2020 55 198 173 599 0.24[0.19, 0.30] 0.75[0.72, 0.78] - -

0 02 04 06 08 10 02 04 06 08 1

Test 56. Waking night pain

Study TP FP FN TN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Therriault 2020 50 182 178 615 0.22[0.17, 0.28] 0.77 [0.74, 0.80] - -

0 02 04 06 08 10 02 04 06 08 1

Test 57. Lumbar rotation

Study TP FP FN TN Sensitivity (95% CI)  Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Therriault 2020 29 104 198 679 0.13[0.09, 0.18] 0.87 [0.84, 0.89] - -

0 02 04 06 08 1 0 02 04 06 08

=

Test 58. Lumbar lateral flexion

Study TP FP FN N Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Therriault 2020 45 135 183 649 0.20 [0.15, 0.26] 0.83[0.80, 0.85] - -

0 02 04 06 08 10 02 04 06 08 1

Test 59. Single leg hyperextension

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Therriault 2020 216 545 12 216 0.95[0.91, 0.97] 0.280.25, 0.32] - -

0 02 04 06 08 10 02 04 06 08 1

Test 60. 2 of 3 negative - Therriault cluster

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
0 02 04 06 08 10 02 04 06 08 1

Test 61. 2 of 3 positive - Therriault cluster

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
0 02 04 06 08 1 0 02 04 06 08 1

Test 62. 3 of 3 negative - Therriault cluster

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
0 02 04 06 08 10 02 04 06 08 1
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Table 1. Criteria for study-specific judgement of the informativeness of tests based on positive likelihood ratios

Test result (Deeks 2004; Jaeschke 1994)

Interpretation

Upper bound of confidence interval <2

Uninformative test

Lower bound of confidence interval spans 1 but upper bound > 2

Indeterminate result because we have an impre-
cise estimate of the test accuracy

Point estimate in the range 2-5 and lower bound of confidence interval is> 1.0

Smallincrease in likelihood of fracture

Point estimate in the range 5-10 and lower bound of confidence interval is > 1.0

Moderate increase in likelihood of fracture

Point estimate > 10 and lower bound of confidence intervalis> 1.0

Large increase in likelihood of fracture

Table 2. Results of all red flags taken during a history in primary care

Study Index test Reference  Sample Prevalence +LR (95% ClI) -LR (95% CI)
standard size

Deyo 1986 Age > 50 years X-ray 621 0.045 2.16 (1.58 t0 2.95) 0.34(0.12t0 0.92)

Henschke 2009  Age>50 years Follow-up/ 1178 0.007 1.84(1.07to0 3.17) 0.57(0.23 t0 1.39)
imaging

van den Bosch Age > 54 years X-ray 2100 0.041 1.72 (1.54to0 1.91) 0.33(0.20 to 0.53)

2004

Henschke 2009 Age > 54 years Follow-up/ 1178 0.007 2.57 (1.49t0 4.44) 0.50(0.2t0 1.21)
imaging

van den Bosch Age > 64 years X-ray 2100 0.041 2.46 (2.16 t0 2.8) 0.32(0.21t0 0.48)

2004

Henschke 2009 Age > 64 years Follow-up/ 1178 0.007 7.13 (4.04 to 12.59) 0.41(0.17 to 1.01)
imaging

Henschke 2009  Age>T70 years Follow-up/ 1178 0.007 11.19(5.33 t0 23.51) 0.52 (0.26 to 1.05)
imaging

van den Bosch Age > T4 years X-ray 2100 0.041 3.69 (3.00 to 4.53) 0.49 (0.38 t0 0.63)

2004

Henschke 2009  Age > 74 years Follow-up/ 1178 0.007 9.39 (2.69 to 32.75) 0.77 (0.52 to 1.15)
imaging

Enthoven 2016  Age =75 years X-ray 669 0.045 3.08 (2.03 to 4.67) 0.64 (0.47 to 0.88)

van den Bosch Female gender X-ray 2100 0.041 1.26 (1.10 to 1.45) 0.65 (0.46 t0 0.92)

2004

Enthoven 2016 Female gender X-ray 669 0.045 1.12 (0.87 to 1.44) 0.82 (0.50 to 1.34)

Therriault 2020  Female gender X-ray, MRI, 1025 0.22 0.72 (0.61 to 0.84) 1.41(1.23t0 1.63)
or SPECT
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Table 2. Results of all red flags taken during a history in primary care (continued)

van den Bosch Female>54years  X-ray 2100 0.041 2.01(1.68 to 2.40) 0.54 (0.41t0 0.72)
2004
Henschke 2009  Female>54years  Follow-up/ 1178 0.007 5.39 (3.08 t0 9.43) 0.42 (0.17 to 1.04)
imaging
van den Bosch Female>64years  X-ray 2100 0.041 2.75(2.26 t0 3.35) 0.52 (0.40 to 0.68)
2004
Henschke 2009  Female>64years  Follow-up/ 1178 0.007 14.59 (8.00 to 26.61) 0.39 (0.16 to 0.96)
imaging
van den Bosch Female>T74years  X-ray 2100 0.041 4,14 (3.17 to 5.44) 0.62 (0.51t0 0.75)
2004
Henschke 2009  Female>74years  Follow-up/ 1178 0.007 16.17 (4.47 t0 58.43) 0.76 (0.51to 1.14)
imaging
Deyo 1986 Significant trauma  X-ray 621 0.045 1.93 (0.67 to 5.53) 0.88(0.67 to 1.17)
Henschke 2009  Significanttrauma  Follow-up/ 1178 0.007 10.03 (2.87 to 35.13) 0.77 (0.52 to 1.15)
imaging
Scavone 1981 Significant trauma  X-ray 871 0.030 12.85 (8.58 to 19.24) 0.36 (0.22t0 0.62)
Enthoven 2016 Trauma X-ray 669 0.045 6.42 (2.94 to 14.02) 0.82 (0.68 t0 0.97)
Deyo 1986 Corticosteroid use  X-ray 621 0.045 3.97 (0.20 to 79.15) 0.98 (0.89 to 1.07)
Enthoven 2016 Prolonged corti- X-ray 669 0.045 2.46(1.13t05.34) 0.88 (0.75to0 1.04)
costeroid use
Henschke 2009 Prolonged corti- Follow-up/ 1178 0.007 48.50 (11.46 to 204.98) 0.75(0.51to 1.13)
costeroid use imaging
Enthoven 2016 Osteoporosis X-ray 669 0.045 3.13(1.90 to 5.15) 0.72 (0.56 t0 0.93)
Enthoven 2016  Acute onset of X-ray 669 0.045 0.87 (0.52t0 1.47) 1.07 (0.85to0 1.35)
pain
Enthoven 2016 Back painintensi-  X-ray 669 0.045 1.82(1.40t0 2.37) 0.53 (0.32t0 0.86)
ty score=7
Therriault 2020 Previous history of ~ X-ray, MRI, 1025 0.22 0.97 (0.75to 1.26) 1.01(0.93t01.10)
LBP or SPECT
Therriault 2020  Waking night pain ~ X-ray, MR, 1025 0.22 0.96 (0.73to 1.27) 1.01 (0.94 to 1.09)
or SPECT
Enthoven 2016 Osteoarthritisin X-ray 669 0.045 0.50 (0.22to 1.12) 1.22 (1.05to0 1.42)
hip/knee
Enthoven 2016  Thoracic back X-ray 669 0.045 1.96 (1.28 t0 2.99) 0.74 (0.55 to 0.99)

pain

+LR: positive likelihood ratio; -LR: negative likelihood ratio; Cl: confidence interval; MRI: magnetic resonance imaging; SPECT: single-
photon emission computerised tomography.
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Table 3. Results of all red flags taken during a physical examination in primary care

Study Index test Reference Sample Prevalence +LR(95% Cl) -LR (95% ClI)
standard size

Henschke Altered sensation Follow-up/ 1178 0.007 3.32(0.22 t0 50.86) 0.96 (0.82 to 1.13)

2009 (from trunk down) imaging

Scavone 1981  Sensation change X-ray 871 0.030 2.21(1.14 to 4.27) 0.83(0.66 to 1.05)

Scavone 1981  Motor deficit X-ray 871 0.030 2.19 (1.06 to 4.54) 0.86 (0.70 to 1.06)

Scavone 1981  DTR abnormality X-ray 871 0.030 1.08 (0.37t0 3.18) 0.99 (0.86 to 1.14)

Scavone 1981  Tenderness X-ray 871 0.030 0.70 (0.25t0 1.97) 1.11(0.87t0 1.41)

Scavone 1981  Spasm X-ray 871 0.030 1.25(0.42 t0 3.70) 0.98 (0.85t0 1.12)

Scavone 1981  Sciatica X-ray 871 0.030 0.42 (0.06 to 2.91) 1.06 (0.98 to 1.15)

Scavone 1981  Hip/leg pain X-ray 871 0.030 0.21 (0.01 to 3.35) 1.08 (1.02 to 1.14)

Enthoven Severe disability X-ray 669 0.045 2.28 (1.26to 4.14) 0.83(0.67 to 1.02)

2016

Enthoven Percussion tender- X-ray 669 0.045 1.12 (0.57t0 2.21) 0.97 (0.81to 1.16)

2016 ness of spine

Enthoven Sudden decreasein  X-ray 669 0.045 2.89(0.90 t0 9.24) 0.94 (0.84 to 1.05)

2016 height

Therriault Radicular symp- X-ray, MRl,or 1025 0.22 1.91(0.71t0 5.10) 0.99 (0.97 to 1.01)

2020 toms SPECT

Therriault Numbness or tin- X-ray, MRI, or 1025 0.22 0.69 (0.47 to 1.01) 1.07 (1.01to 1.13)

2020 gling SPECT

Therriault Lumbar extension X-ray, MRI, or 1025 0.22 1.27 (1.19t0 1.36) 0.40 (0.28 t0 0.57)

2020 SPECT

Therriault Lumbar flexion X-ray, MRI, or 1025 0.22 1.12(0.88t0 1.41) 0.96 (0.87 to 1.05)

2020 SPECT

Therriault Lumbar rotation X-ray, MRI, or 1025 0.22 0.96 (0.66 to 1.41) 1.01 (0.95to0 1.07)

2020 SPECT

Therriault Lumbar lateral flex-  X-ray, MRI, or 1025 0.22 1.15(0.85to 1.55) 0.97 (0.90 to 1.04)

2020 ion SPECT

Therriault Single-leg hyperex-  X-ray, MRI, or 1025 0.22 1.32(1.25t0 1.40) 0.19(0.11t0 0.33)

2020 tension test SPECT

Therriault Vertebral tender- X-ray, MRI, or 1025 0.22 0.84 (0.58 to 1.23) 1.03 (0.97 to 1.09)

2020 ness SPECT

+LR: positive likelihood ratio; —LR: negative likelihood ratio; Cl: confidence interval; DTR: deep tendon reflex; MRI: magnetic resonance
imaging; SPECT: single-photon emission computerised tomography.
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Table 4. Results of all red flags in secondary care

Study Index test Reference Sample Prevalence +LR(95% Cl) -LR (95% ClI)
standard size

Roman 2010  Age>52years X-ray or CT 1448 0.026 1.52(1.42 t0 1.68) 0.14 (0.04 to 0.53)

Premkumar Age > 50 years Imagingd 9940 0.056 1.10(1.05t0 1.16) 0.79(0.69 t0 0.91)

2018

Premkumar Age > 70 years Imagingd 9940 0.056 1.55(1.36t0 1.76) 0.86 (0.82t0 0.91)

2018

Kilic 2021 Age 65-75 years X-ray 136 0.544 0.60 (0.46 t0 0.79) 2.51(1.48t04.27)

Kilic 2021 Age = 75 years X-ray 136 0.544 2.51(1.48t04.27) 0.60 (0.46 t0 0.79)

Roman 2010  Female gender X-ray or CT 1448 0.026 1.51(1.35t0 1.71) 0.26 (0.10 to 0.65)

Sugiura2021  Female gender MRI 101 0.525 0.53(0.27 to 1.05) 1.26 (0.98 to 1.61)

Roman 2010  Concomitant os- X-ray or CT 1448 0.026 1.05(0.76 to 1.45) 0.95 (0.69 to 1.32)
teoarthritis

Roman 2010  Noregular exer- X-ray or CT 1448 0.026 1.47 (1.25t0 1.75) 0.42(0.21t0 0.81)
cise

Roman 2010  Absence of leg or X-ray or CT 1448 0.026 2.24 (1.38 to0 3.64) 0.80 (0.64 to 0.99)
buttock pain

Roman 2010  BMI<23 X-ray or CT 1448 0.026 2.22(1.44t03.42) 0.76 (0.59 t0 0.97)

Roman 2010  Decreased painon  X-ray or CT 1448 0.026 1.56 (0.94 t0 2.59) 0.87 (0.71 to 1.07)
sitting

Roman 2010  No gait abnormal-  X-ray or CT 1448 0.026 0.85 (0.68 to 1.08) 1.49 (0.95to 2.34)
ity

Jin 2020 BPIT MRI 510 0.68 3.09 (2.47 to 3.85) 0.01 (0.00 to 0.04)

Premkumar Trauma Imagingd 9940 0.056 2.18 (1.86 to 2.54) 0.85(0.81t0 0.89)

2018

Sugiura 2021  Participation in MRI 101 0.525 1.05(0.97to0 1.12) 0.18 (0.01to0 3.61)
sports activities

Sugiura2021  Lumbar hyperex- MRI 101 0.525 0.86 (0.73 to 1.02) 2.49 (0.85t0 7.28)
tension

Sugiura2021  Lumbar hyperflex-  MRI 101 0.525 0.62 (0.45t0 0.86) 2.40(1.30t0 4.42)
ion

Sugiura2021  Pain quality MRI 101 0.525 1.38 (0.97 to0 1.96) 0.58 (0.32t0 1.04)

Sugiura2021  Pain extent MRI 101 0.525 2.05(1.22t0 3.44) 0.59 (0.40 to 0.85)

Sugiura2021  Pain location MRI 101 0.525 2.40 (1.63 to 3.54) 0.18 (0.08 to 0.39)
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@1maging type not reported.
+LR: positive likelihood ratio; —LR: negative likelihood ratio; BMI: body mass index; BPIT: Back Pain-Inducing Test; Cl: confidence interval;
CT: computed tomography; MRI: magnetic resonance imaging.

Table 5. Results of red flags in tertiary care

Study Index test Reference Sample Prevalence +LR -LR
standard size
Gibson 1992 History of direct trau- X-ray 225 0.06 1.93 (1.48 to 2.52) 0.12 (0.01 to 1.79)
ma
Patrick 1983 Presenting history of X-ray 552 0.07 1.77(1.48t0 2.13) 0.36 (0.20 to 0.68)
trauma
Reinus 1998 History of trauma (fall) ~ X-ray 482 0.11 0.18 (0.07 to 0.48) 1.54(1.38t0 1.71)
Patrick 1983 Sensory deficit X-ray 552 0.07 1.42 (0.19 t0 10.95) 0.99 (0.94 to 1.04)
Patrick 1983 Motor deficit X-ray 552 0.07 1.39 (0.08 to 25.38) 0.98 (0.96 to 1.03)
Patrick 1983 DTR abnormality X-ray 552 0.07 1.54 (0.49 to 4.87) 0.97 (0.89 to 1.06)
Gibson 1992 Neurological signs or X-ray 225 0.06 2.40 (0.67 to 8.70) 0.81(0.51to 1.30)
SLR <40°, or both
Reinus 1998 Any motor or sensory X-ray 482 0.11 0.69 (0.22 t0 2.17) 1.03(0.96to 1.10)
dysfunctiona
Patrick 1983 Positive SLR X-ray 552 0.07 1.02 (0.51 to 2.05) 1.00 (0.86to 1.16)
Patrick 1983 Tenderness X-ray 552 0.07 1.76 (1.42t0 2.19) 0.47 (0.28 t0 0.78)
Patrick 1983  Spasm X-ray 552 0.07 1.47 (0.83 to 2.60) 0.90 (0.75 to 1.09)
Patrick 1983  Contusion/abrasion X-ray 552 0.07 31.09 (18.25t052.96)  0.15(0.07 to 0.32)

@ Weakness, numbness, or paraesthesia present on testing or questioning

+LR: positive likelihood ratio; —LR: negative likelihood ratio; Cl: confidence interval; SLR: straight leg raise.

Table 6. Results of combined red flags in primary, secondary, and tertiary care

Study Index test Reference Sample Prevalence +LR -LR
standard size

Premkumar Age>50yearsandtrau-  Imaging? 9940 0.056 2.54 (2.05 to 3.16) 0.90 (0.87 t0 0.94)
2018 ma

Premkumar Age>T0yearsandtrau-  Imagingd? 9940 0.056 4.35(2.92 to0 6.48) 0.96 (0.94 to 0.98)
2018 ma

Gibson 1992 Trauma and neurologi-  X-ray 225 0.06 14.43 (2.38t0 87.64) 0.73 (0.46 t0 1.15)

cal signs
Patrick 1983 Multiple findings X-ray 552 0.07 2.01 (1.35t0 2.99) 0.73 (0.56 to 0.96)
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Table 6. Results of combined red flags in primary, secondary, and tertiary care (continued)

Henschke 1 of 4 red flags +ve Follow-up/ 1178 0.007 1.75(1.34 t0 2.29) 0.25(0.04 to 1.57)
2009 imaging

Henschke 2 of 4 red flags +ve Follow-up/ 1178 0.007 15.48 (8.45t028.36) 0.39 (0.16 to 0.96)
2009 imaging

Henschke 3 of 4 red flags +ve Follow-up/ 1178 0.007 906.11 (50.37 to 0.61(0.36t0 1.03)
2009 imaging 16,299.11)

Roman 2010  1of5red flags +ve X-ray or CT 1448 0.026 1.04 (0.98 to 1.10) 0.43 (0.06 to 2.98)
Roman 2010 2 of 5red flags +ve X-ray or CT 1448 0.026 1.43 (1.32t0 1.56) 0.16 (0.04 to 0.60)
Roman 2010 3 of 5red flags +ve X-ray or CT 1448 0.026 2.45 (2.02 t0 2.97) 0.34(0.19t0 0.61)
Roman 2010 4 of 5red flags +ve X-ray or CT 1448 0.026 9.62 (5.88 to 15.73) 0.66 (0.52 to 0.84)
Roman 2010 5 of 5red flags +ve X-ray or CT 1448 0.026 7.63(0.91t0 63.67) 0.98 (0.93t0 1.03)

dlmaging type not reported.
+LR: positive likelihood ratio; —LR: negative likelihood ratio; CT: computed tomography.

APPENDICES

Appendix 1. MEDLINE search strategy

I. Index test: clinical red flags
1. exp Medical History Taking/
2. exp Physical Examination/
3. exp "Wounds and Injuries"/
4. exp Accidental Falls/

5. exp Accidents/

6. physical examination*.tw,kf
7. history.tw,kf

8. red flag*.tw,kf

9. physical test*.tw,kf

10. trauma*.tw,kf

11. injur*.tw,kf

12. (clinical* adj (diagnosis or sign* or significance or symptom™ or parameter* or assessment* or finding* or evaluat* or indication* or
examination*)).tw,kf

13. OR/1-12
1. Population: low back pain
14. exp Back Pain/

15. exp Low Back Pain/
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16. exp Sciatica/

17. exp Sciatic Neuropathy/
18. dorsalgia*.tw,kf

19. backache*.tw,kf

20. lumbago.tw,kf

21. back disorder*.tw,kf

22. (lumb* adj pain).tw,kf

23. coccyx.tw,kf

24. coccydynia.tw,kf

25. sciatica.tw,kf

26. spondylosis.tw,kf
27.0R/14-26

11l. Target condition: vertebral fracture
28. Fractures, Bone/

29. Fractures, Stress/

30. Fractures, Spontaneous/
31. Fractures, Compression/
32. Fractures, Closed/

33. Spinal Injuries/

34. Spinal Diseases/

35. fracture*.tw,kf

36. OR/28-35

IV. Limits and search combination
37.(20120401-20220726).ed
38. (2012-2022).yr
39.OR/38-39

40.13 AND 27 AND 36 AND 40

Appendix 2. Embase search strategy

1. exp Anamnesis/

2. exp Physical Examination/
3. exp Physical Performance/
4. exp Accident/

5. physical examination™.tw,kw
6. history.tw,kw

7. red flag*.tw,kw
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8. physical test™.tw,kw

9. trauma*.tw,kw
10. injur*.tw,kw

11. (clinical* adj (diagnosis or sign* or significance or symptom* or parameter* or assessment* or finding* or evaluat* or indication* or
examination®)).tw,kw

12. OR/1-11

11. Population: low back pain
13. exp Low back Pain/
14. exp Backache/

15. exp Spondylosis/

16. exp Sciatica/

17. exp Ischialgia/

18. dorsalgia.tw,kw

19. back pain.tw,kw

20. backache.tw,kw

21. lumbago.tw,kw

22. back disorder*.tw,kw
23. (lumb* adj pain).tw,kw
24. spondylosis.tw,kw

25. coccyx.tw,kw

26. coccydynia.tw,kw

27. sciatica.tw,kw

28. OR/13-27

I. Target condition: vertebral fracture
29. exp Fracture/

30. exp Spine Fracture/

31. exp Bone Injury/

32. exp Spine Injury/

33. exp Spine Disease/

34, fracture*.tw,kw

35. OR/29-34

IV. Limits and search combination
36.(20120401-20220726).dd
37.(2012-2022).yr

38. OR/36-37
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39.12 AND 28 AND 35 AND 38

40. limit 39 to embase

Appendix 3. CINAHL search strategy

I. Index test: clinical red flags
1. (MH "Patient History Taking")
2. (MH "Diagnostic Tests, Routine")
3. (MM "Physical Examination")

4. (TX "history" or "red flag*" or "physical examination" or "physical test" or "clinical*" or "diagnosis" or TX "sign" or TX "signs" or
TX "significance" or TX "symptom*" or TX "parameter*" or TX "assessment" or TX "finding*" or TX "evaluat*" or TX "indication*" or TX
"examination*")

* 11

5.0R/1-4

1. Population: low back pain
6. (MH "Back Pain+")

7. (MH "Low Back Pain")

8. (MH "Coccyx")

9. (MH "Sciatica")

10. (MH "Lumbar Vertebrae")
11. (MH "Spondylolisthesis")
12. (MH "Spondylolysis")

13. (TX "back pain")

14. (TX "backache")

15. (TX "dorsalgia")

16. (TX "lumbago")

17. (TX "sciatica")

18. (TX "coccyx")

19. (TX "coccydynia")

20. (TX "back disorder*")

21. (TX "lumbago")

22. lumb* w1l pain

23. lumb* n5 pain

24. lumb* n2 vertebra*
25.0R/11-29

11l. Target condition: vertebral fracture
26. (MH "Fractures, Closed") or (MH "Fractures, Compression+") or (MH "Fractures, Spontaneous") or (MH "Fractures, Stress+")
27. (MH "Spinal Fractures+")

28. (MH "Spinal Injuries")
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29. (MH "Spinal Diseases")

30. (MH "Wounds and Injuries")
31. (TX "fracture*")

32. (TX "trauma")

33. (TX "injury")

34.0R/26-33

IV. Limits and search combination
35. EM 201204-

36.DT 2012-

37.0R/35-36

38.5AND 25 AND 34 AND 37

Appendix 4. QUADAS-2 tool: risk of bias and applicability judgements

DOMAIN 1: PATIENT SELECTION

A. Risk of bias

Describe methods of patient selection

« Was a consecutive or random sample of patients enrolled?

Score 'yes' if a consecutive series of patients or a random sample has been selected. Details re-
garding setting, in inclusion and exclusion criteria, and preferably number of patients eligible and
excluded should be given. If a mixed population (e.g. primary and secondary care) is used, the
number of participants from each setting will be presented.

Score 'no' if healthy controls are used. If non-response is high and selective, or there is clear evi-
dence of selective sampling, this will be scored 'no".

Score 'unclear' if insufficient information is given on the setting, selection criteria, or selection
procedure to make a judgement.

Yes/No/Unclear

+ Did the study avoid inappropriate exclusions?

Score 'yes' if participants were excluded based on the prespecified exclusion criteria or if the ex-
clusion criteria was clearly appropriate for the study population.

Score 'no' if inappropriate exclusion criteria are used such as excluding based on gender, or inap-
propriate selection bias occurs.

Score 'unclear' if insufficient information is provided to assess this item.

Yes/No/Unclear

+ Could the selection of patients have introduced bias?
Score 'low' if all questions are rated as 'yes'
Score 'high' if any of the questions is rated as 'no".

Score 'unclear if any of the questions are reported as 'unclear', then there is an unclear risk of bias
and a judgement will be made on whether or not there is sufficient information to make a decision
about the risk of bias.

Risk: Low/High/Unclear
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(Continued)

B. Concerns regarding applicability

« Describe included patients (prior testing, presentation, intended use of index test and setting)

We expect that most of the diagnostic studies will include participations appropriate for the review question and would have used
the index tests described in our inclusion criteria. Many of the index tests are applicable across the different healthcare settings.

« Isthere concern that the included patients do not match the review question? Concern: Low/High/Unclear
Score 'low concern' if participants meet all inclusion criteria or meet 3 out of the 4 criteria.
Score 'high concern' if participants meet 1 or less of the 4 criteria.

Score 'unclear' if insufficient information is provided to assess this item.

DOMAIN 2: INDEX TEST(S) (if more than 1 index test was used, please complete for each test)

A. Risk of bias

Describe the index test and how it was conducted and interpreted:

+ Were the index test results interpreted without knowledge of the results of the reference Yes/No/Unclear
standard?

Score 'yes' if the results of the index test are interpreted blind to the results of the reference test or
if the sequence of testing is always the same (i.e. the index test is always performed first, followed
by the reference standard), and consequently the index test is interpreted blind of the reference
standard.

Score 'no' if the assessor is aware of the results of the reference standard.

Score 'unclear' if insufficient information is given on independent or blind assessment of the refer-
ence standard.

« If athreshold was used, was it prespecified? Yes/No/Unclear

Score 'yes' if it is clear that a prespecified threshold was used e.g. the authors follow a study proto-
col.

Score 'no’' if a prespecified threshold was not used or different thresholds were used and not pre-
defined.

Score 'unclear' if insufficient information is provided to assess this item.

« Could the conduct or interpretation of the index test have introduced bias? Risk: Low/High/Unclear
Score 'low’ if all questions are rated as 'yes'.
Score 'high' if any of the questions is rated as 'no".

Score 'unclear' if any of the questions are reported as 'unclear’, then there is an unclear risk of
bias and a judgement will be made on whether or not there is enough information to make a deci-
sion about the risk of bias.

B. Concerns regarding applicability

« Is there concern that the index test, its conduct, or interpretation differ from the review Concern: Low/High/Unclear
question?

Score 'low concerns' if the index text performed is the same as specified in the review question
and was intended to assess vertebral fracture.
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(Continued)
Score 'high concerns' if the index test performed does not follow what is specified in the review
question and was not intended to assess vertebral fracture.

Score 'unclear' if insufficient information is provided to assess this item.

DOMAIN 3: REFERENCE STANDARD

A. Risk of bias

Describe the reference standard and how it was conducted and interpreted:

+ Isthe reference standard likely to correctly classify the target condition?

Score 'yes' if the following criteria is followed. For traumatic vertebral fractures, CT is preferential-
ly used as the reference test. If CT scan is not available, MRl is used as the reference test. For osteo-
porotic vertebral fractures and vertebral stress fractures, MRI is preferential used as the reference
test. If MRl is not available, bone scintigraphy with SPECT is used as the reference test.

Score 'no' if consensus among observers, or an unknown combination of the clinical assessment
(‘clinical judgement') is used as reference standard.

Score as 'unclear’ if insufficient information is given on the reference standard to make an ade-
quate assessment.

Yes/No/Unclear

« Were the reference standard results interpreted without knowledge of the results of the in-
dex test?

Score 'yes' if the results of the reference standard are interpreted blind to the results of the in-
dex tests or if the sequence of testing is always the same (i.e. the reference standard is always per-
formed first, followed by the index test) and consequently, the reference standard is interpreted
blind of the index test.

Score 'no' if the assessor is aware of the results of the index test.

Score 'unclear’ if insufficient information is given on independent or blind assessment of the index
test.

Yes/No/Unclear

« Could the reference standard, its conduct, or its interpretation have introduced bias?
Score 'low' if all questions are rated as 'yes"
Score 'high' if any of the questions is rated as 'no".

Score 'unclear' if any of the questions are reported as 'unclear’, then there is an unclear risk of
bias and a judgement will be made on whether or not there is sufficient information to make a deci-
sion about the risk of bias.

Risk: Low/High/Unclear

B. Concerns regarding applicability

« Is there concern that the target condition as defined by the reference standard does not
match the review question?

Score 'low' concern if the target condition defined by the reference standard matches the target
condition specified in the review.

Score 'high' concern if the target condition defined by the reference standard does not match the
target condition specified in the review.

Score 'unclear' if insufficient information is provided to assess this item.

Concern: Low/High/Unclear

DOMAIN 4: FLOW AND TIMING
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(Continued)

A. Risk of bias

Describe any patients who did not receive the index test(s) and/or reference standard or who were excluded from the 2x2 ta-
ble (refer to flow diagram)

Describe the time interval and any interventions between index test(s) and reference standard:

+ Was there an appropriate interval between index test(s) and reference standard? Yes/No/Unclear
Score 'yes' if the time period between clinical assessment and the reference standard < 1 week.
Score 'no' if the time period between clinical assessment and the reference standard is > 1 week.

Score 'unclear' if there is insufficient information on the time period between index tests and ref-
erence standard.

« Did all patients receive the same reference standard? Yes/No/Unclear

Score 'yes' if it is clear that all patients receiving the index test are subjected to the same reference
standard.

Score 'no' if different reference standards are used or if only some patients are subjected to the
reference standard.

Score 'unclear' if insufficient information is provided to assess this item.

« Were all patients included in the analysis? Yes/No/Unclear
Score 'yes' if it is clear that all recruited patients (> 95%) were included in the analysis.

Score 'no' if the number of patients recruited differs (> 5% difference) from the number of patients
included for analysis.

Score 'unclear' if insufficient information is provided to assess this item.

« Could the patient flow have introduced bias? Risk: Low/High/Unclear
Score 'low' if all questions are rated as 'yes'.
Score 'high' if any of the questions is rated as 'no".

Score 'unclear' if any of the questions are reported as 'unclear’, then there is an unclear risk of
bias and a judgement will be made on whether or not there is sufficient information to make a deci-
sion about the risk of bias.

CT: computed tomography; MRI: magnetic resonance imaging; SPECT: single-photon emission computed tomography.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In our protocol, we planned to investigate study level covariates in the HSROC analysis to explore heterogeneity but were unable due to
a lack of data.

We planned to present results based on the different types of vertebral fracture; however, due to a lack of data this was not feasible. We
instead presented our results based on the different healthcare settings and presented the results separately for different vertebral fracture
types where available, within each healthcare setting.
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We also planned to perform a sensitivity analysis to assess whether diagnostic accuracy differs based on study quality (risk of bias) or the
different types of vertebral fracture on study quality but were unable to due to a lack of data. We were unable to perform a sensitivity
analysis due to a lack of data.

We planned to use SAS software for meta-analysis; however, meta-analysis was not possible and instead used Review Manager 5 for all
statistical analyses and data syntheses (Review Manager 2014).

Weintended to present results of how different pretest probability cut-offs and positive or negative results impacted post-test probabilities;
however, we were unable to due to a lack of data.

INDEX TERMS

Medical Subject Headings (MeSH)

Adrenal Cortex Hormones; *Contusions; *Fractures, Compression [diagnosis] [diagnostic imaging]; *Fractures, Stress; *Low Back Pain
[diagnosis] [etiology]; *Spinal Fractures [diagnosis] [diagnostic imaging]

MeSH check words

Aged; Female; Humans
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Summary eClinicalMedicine
Background The accuracy of diagnostic tests available in primary care to identify the disc, sacroiliac joint, and facet 2023;59: 101960

joint as the source of low back pain is uncertain. Published Online xxx
https://doi.org/10.

1016/j.eclinm.2023.

Methods Systematic review of diagnostic tests available in primary care. MEDLINE, CINAHL, and EMBASE were 101960

searched between March 2006 and 25th January 2023. Pairs of reviewers independently screened all studies, extracted
data, and assessed risk of bias using QUADAS-2. Pooling was performed for homogenous studies. Positive likelihood
ratios (+LR) >2 and negative likelihood ratios (-LR) <0.5 were considered informative. This review is registered with
PROSPERO (CRD42020169828).

Findings We included 62 studies: 35 investigated the disc, 14 the facet joint, 11 the sacroiliac joint, and 2 investigated
all three structures in patients with persistent low back pain. For risk of bias, the domain ‘reference standard’ scored
worst, however approximately half the studies were of low risk of bias for every other domain. For the disc, pooling
demonstrated MRI findings of disc degeneration and annular fissure resulted in informative +LRs: 2.53 (95% CI:
1.57-4.07) and 2.88 (95% CI: 2.02-4.10) and -LRs: 0.15 (95% CI: 0.09-0.24) and 0.24 (95% CI: 0.10-0.55) respec-
tively. Pooled results for Modic type 1, Modic type 2, and HIZ on MRI, and centralisation phenomenon yielded
informative +LRs: 10.00 (95% CI: 4.20-23.82), 8.03 (95% CI: 3.23-19.97), 3.10 (95% CI: 2.27-4.25), and 3.06 (95% CI:
1.44-6.50) respectively, but uninformative —-LRs: 0.84 (95% CI: 0.74-0.96), 0.88 (95% CI: 0.80-0.96), 0.61 (95% CI:
0.48-0.77), and 0.66 (95% CI: 0.52-0.84) respectively. For the facet joint, pooling demonstrated facet joint uptake on
SPECT resulted in informative +LRs: 2.80 (95% CI: 1.82-4.31) and —LRs: 0.44 (95% CI: 0.25-0.77). For the sacroiliac
joint, a combination of pain provocation tests and absence of midline low back pain resulted in informative +LRs of
2.41 (95% CI: 1.89-3.07) and 2.44 (95% CI: 1.50-3.98) and —LRs of 0.35 (95% CI: 0.12-1.01) and 0.31 (95% CI:
0.21-0.47) respectively. Radionuclide imaging yielded an informative +LR 7.33 (95% CI: 1.42-37.80) but an
uninformative LR 0.74 (95% CI: 0.41-1.34).

Interpretation There are informative diagnostic tests for the disc, sacroiliac joint, and facet joint (only one test). The
evidence suggests a diagnosis may be possible for some patients with low back pain, potentially guiding targeted and
specific treatment approaches.

Funding There was no funding for this study.
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Research in context

Evidence before this study

Our previous review conducted in 2007 found relatively few
studies had investigated the diagnostic accuracy of tests to
identify the disc, facet joint or sacroiliac joint as the source of
low back pain. Pooling was limited due to heterogeneity
between studies and poor study quality. The diagnostic
accuracy of index tests was unclear.

Added value of this study

In this new study a greater number of studies were able to be
pooled, resolving some uncertainty about diagnostic accuracy.
Considering an informative diagnostic test as one with a
likelihood ratio >2.0 or <0.5; there were informative tests for

Introduction

Low back pain is a very common condition, and most
people will experience low back pain in their life. For
example, the one year incidence of experiencing a first
ever episode of low back pain is approximately 6.3%-
15.4%, with estimates for the one year incidence of any
episode of low back pain being as high as 36%.! The one
month prevalence of low back pain is estimated to be
23.2% in the general population.! The prevalence of low
back pain also increases with age,” by 80 years old, the
prevalence estimates are as high as 40% in males and
35% in females.> Low back pain is a symptom and is
typically defined as pain between the bottom ribs and
the buttock creases.’

Currently, most clinical practice guidelines recom-
mend broad treatment approaches such as exercise,
medication, or manual therapy for patients with
NSLBP* however these interventions typically have
small average effects® and there is little to no informa-
tion and guidance provided on how to individualise
these treatments for patients with low back pain.
Despite the enormous burden of low back pain, the
approach to move the field forward remains unclear.
One view is that a diagnosis may lead to the develop-
ment of more specific and targeted treatments.

A diagnosis, however, is controversial in the low back
pain field. The dominant view* is that for 90% of pa-
tients with low back pain (LBP) the pain cannot be
attributed to a specific pathology or structure; and these
patients should be classified as having non-specific low
back pain. An alternate position is that subclassification
of non-specific low back pain is possible, by using fea-
tures from the clinical presentation, clinical assessment,
and diagnostic imaging to identify a nociceptive source.®
The latter approach would allow more precise ap-
proaches to the management of low back pain that target
an underlying pathology.

The disc, facet joint, and sacroiliac joint (SI]) are
potential sources of low back pain.” Most reference
standards used to identify the source of low back pain,

the disc, sacroiliac joint, and the facet joint. The review
provides evidence that a diagnosis may be possible for some
patients with low back pain, potentially guiding clinical
management.

Implications of all the available evidence

Our study identifies tests available to primary care clinicians to
identify the disc and sacroiliac joint as the source of low back
pain and creates opportunities for more targeted and specific
treatment approaches. Future research should investigate if
this targeted approach provides better outcomes than
generic, symptomatic treatment of low back pain.

such as invasive disc provocation procedures or diag-
nostic blocks, are neither suitable nor available for
routine use in primary care. Therefore, there is interest
in identifying simpler diagnostic tests to help identify
the nociceptive source of low back pain. Our previous
2007 systematic review’ identified relatively few studies
that had investigated the diagnostic accuracy of tests to
identify the source of low back pain, limiting the ability
to pool results. The systematic review did find that some
tests such as MRI evidence of a high intensity zone and
disc degeneration, and centralisation phenomenon (i.e.,
repeated end-range movements that result in distal pain
originating from the spine progressively moving to-
wards a central location)® increased (when present) or
decreased (when absent) the likelihood of the disc being
the source of low back pain.” A combination of sacroiliac
joint provocation tests also modestly increased (when
positive) or decreased (when negative) the likelihood of
the sacroiliac joint being the source of LBP.” No index
tests for the facet joint were found to be informative.’

The previous review has been highly cited, however
it is now over 15 years old.” Additional primary studies
investigating the diagnostic tests for the disc, facet joint,
and sacroiliac joint have since been published and are
likely to enable more pooling of results and greater
confidence in the findings. Therefore, an update of this
review was performed to determine the accuracy of
diagnostic tests for the disc, sacroiliac joint, or facet joint
as the source of low back pain.

Methods

The systematic review protocol was pre-specified and
registered on PROSPERO (CRD42020169828): https://
www.crd.york.ac.uk/prospero/display_record.php?ID=C
RD42020169828. The current review protocol was
registered with PROSPERO (CRD42015029729). Its
reporting followed the guidelines of the Preferred
Reporting Items of Systematic Reviews and Meta-
analyses (PRISMA).
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Search strategy

MEDLINE, CINAHL, and EMBASE were searched for
the period between March 2006 and 25th January 2023
with the search strategy used in the Hancock et al., 2007
review.” The complete search strategies from all data-
bases are presented in Supplementary Appendix S1. We
also screened reference lists of included studies. For-
ward citation searching was also performed. We
included studies in all languages.

Eligibility criteria
Studies were required to meet the following criteria
(also used in the previous review’) to be eligible.

i) Included participants with low back pain without
serious pathology such as cancer, infection, or
fracture

ii) used a reference standard test advocated by the

International Association for the Study of Pain."

These were: discography for discogenic pain

(with a minimum of two levels tested per patient),

intra-articular local anaesthetic blocks for SIJ pain,

and either intra-articular blocks or medial branch
blocks for facet joint pain

Assessed at least one index test available to primary

care clinicians

iv) Presented a 2 x 2 contingency table, or data
allowing development of contingency table(s).

i)

One review author (SwS) excluded clearly irrelevant
titles. Two review authors (SwS, AT, or SaS) indepen-
dently screened abstracts to exclude irrelevant studies.
Two reviewers (SwS, AT, SaS, or CSH) then indepen-
dently reviewed full texts for eligibility based on the
inclusion criteria. Studies in languages other than En-
glish were screened by a researcher fluent in the
appropriate language. Disagreements were resolved
through discussion and a third reviewer (CGM or MJH).

Data and statistical analysis

Two review authors independently extracted data into
the data extraction form. Any disagreements or dis-
crepancies in the data extraction were resolved through
discussion and a third reviewer (CGM or MJH) if
necessary. This form was used to record study popula-
tion, hypothesised nociceptive/tissue source of low back
pain, index tests, sensitivity, specificity, the positive
(+LR) and negative (-LR) likelihood ratios and 95%
confidence intervals (95% CI). We prioritised using raw
data when available to calculate the sensitivity,
specificity, +LR, —-LR, and 95% Cls.

Two review authors (SwS, AT, SaS, or CH) used the
Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) scale' independently to rate risk of bias.
This tool evaluates four domains such as patient selec-
tion; index test; reference standard; and flow and

www.thelancet.com Vol 59 May, 2023

timing."" Each author independently rated the risk of bias
in each of the four domains (guided by signalling ques-
tions). Further details on the decision-making process of
study quality are presented in Supplementary Appendix
S5. Any disagreements were resolved through discus-
sion and a third reviewer (CGM or MJH).

Following data extraction, data were pooled when-
ever possible using random effects models. The soft-
ware used for meta-analysis and to calculate
sensitivities, specificities, and likelihood ratios from raw
data (2 x 2 tables) was Meta-DiSc v1.4. Due to limited
data for most index tests, pooling was not always
possible, and results of individual tests were also pre-
sented descriptively.

Potential publication bias was assessed post-hoc us-
ing the midas command® in Stata version 17/BE. To
evaluate potential publication bias, funnel plots were
explored, and Deeks Funnel Plot Asymmetry Test was
used to explore funnel plot asymmetry. Publication bias
was deemed statistically significant if the p value was
<0.05. As per the Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy Version 2.0, 2022
(Chapter 11.5.5) we only assessed for publication bias if
ten or more studies were included in the analysis for a
single test."

For index tests scored as either positive or negative
we calculated the sensitivity, specificity, and likelihood
ratios. We also presented post-test probabilities using
standard methods with the “95% confidence interval for
post-test probability determined with point estimate of
pre-test probability and the 95% confidence interval of
the likelihood ratio.”’* For index tests with different
thresholds to score as positive or negative, these results
are presented descriptively to show the estimates of
sensitivities and specificities for each test cut-off.

We focused on likelihood ratios in our results;
however, sensitivity and specificity are presented in
Table 1 and Supplementary Appendix S6. We consid-
ered the index test to be informative if the positive
likelihood ratios (+LR) were >2 and negative likelihood
ratios (—LR) were <0.5.%°°

We pre-specified that we would examine the effect of
employing stricter reference standards.”’ The stricter
reference standards were:”'

i) Discogenic pain studies: discography with a
concordant pain provocation score of 6 out of 10 or
greater and an adjacent pain-free control disc;

ii) Facet joint pain studies: greater than or equal to

80% pain relief with double blocks (using a placebo

control or comparator local anaesthetic) to account

for concurrent pain generators;

Sacroiliac joint pain studies: greater than or equal

to 50% pain relief with double blocks (using a

placebo control or comparator local anaesthetic) to

account for concurrent pain generators.

i)
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Index test

Studies/total sample

Sensitivity (95% Cl)

Specificity (95% Cl) +LR (95% Cl) -LR (95% Cl)

Disc

Disc degeneration (Grade )
Heterogeneity (I%)

"Disc degeneration (Grade >4)'%'%*
Heterogeneity (I°)

lelg 29

Heterogeneity (I%)

Annular fissure”>?>3%32
Heterogeneity 3
Modic type'®242>33
Heterogeneity (I°)
Modic type!®2>34

Heterogeneity 3

“Centralisation phenomenon®*3>=’
Heterogeneity (I°)

Sl)

Radionuclide imaging (bone scan)
Heterogeneity ®)

“Gaenslen’s test***
Heterogeneity (I°)

Sacral thrust test**+43
Heterogeneity (I%)

“Thigh thrust test****
Heterogeneity (I°)

“Compression test**3
Heterogeneity (I%)

“Patrick’s test (FABER test)***>*4
Heterogeneity ®)

“Distraction test**3
Heterogeneity (I°)

“Gillet's test****

Heterogeneity (I%)

“Absence of midline LBP>*°
Heterogeneity (I°)

“3 or more positive Sl
pain provocation tests

Heterogeneity (1)
Facet joint

Uptake on SPECT
Heterogeneity ®)

All magnetic resonance imaging (MRI) findings (index tests) are compared to the absence of the respected MRI finding unless indicated. No index tests based on imaging were able to be pooled for Facet
joint. Al index tests are based on MRI unless indicated. "MRI finding index compared to disc degeneration (Grade <3), SIj = Sacroiliac joint, LR = likelihood ratio, HIZ = high intensity zone, FABER = Flexion

4/381 91.0 (85.7-94.7)
50.1%

3/288 70.7 (60.7-79.4)
84.7%

12/1817 50.1 (46.7-53.4)
95.4%

5/920 61.2 (56.3-66.0)
96.0%

4/803 12.9 (9.7-16.6)
91.0%

3/706 12.0 (8.9-15.9)
773%

4/218 41.2 (33.2-49.6)
79.9%

38,39 2/82 227 (11.5-37.8)

81.4%

4/213 47.9 (38.7-57.2)
72.3%

3/168 57.3 (45.9-68.2)
42.5%

5/415 54.1 (48.1-60.1)
74.6%

2/83 48.6 (31.9-65.6)
56.0%

3/319 76.4 (70.2-81.8)
80.3%

2/82 41.7 (25.5-59.2)
0.0%

2/134 67.5 (56.4-77.3)
97.5%

2/226 24.6 (14.1-37.8)
80.2%

6/276 80.5 (72.0-87.4)

37,41,43,46-48

0.0%

3/121 72.6 (59.1-83.6)

31.1%

abduction external rotation, SPECT = single photon emission computed tomography.

61.3 (54.2-68.0) 2.53 (1.57-4.07) 0.15 (0.09-0.24)

82.7% 83.4% 0.0%

66.7 (59.5-73.3) 2.20 (1.61-3.01) 0.37 (0.19-0.73)
87.7% 44.4% 59.9%

86.2 (83.9-88.4) 3.10 (2.27-4.25) 0.61 (0.48-0.77)
65.6% 63.6% 92.2%

73.8 (69.8-77.5) 2.88 (2.02-4.10) 0.24 (0.10-0.55)
94.3% 79.5% 90.3%

98.7 (97.0-99.5) 10.00 (4.20-23.82) 0.84 (0.74-0.96)
0.0% 0.0% 89.2%

98.6 (96.7-99.5) 8.03 (3.23-19.97) 0.88 (0.80-0.96)
0.0% 0.0% 65.8%

85.9 (75.6-93.0) 3.06 (1.44-6.50) 0.66 (0.52-0.84)
66.1% 10.8% 57.9%

96.1 (84.4-99.7) 7.33 (1.42-37.8) 074 (0.41-134)

0.0% 0.0% 80.2%

47.9 (37.5-58.4) 0.85 (0.56-1.28) 1.12 (0.77-1.62)
73.3% 46.5% 34.3%

48.8 (37.9-59.9) 1.13 (0.73-1.75) 0.87 (0.52-1.44)
84.1% 59.7% 47.7%

53.7 (44.9-62.3) 1.13 (0.83-1.55) 0.91 (0.67-1.22)
31.0% 42.5% 42.1%

717 (56.5-84.0) 1.79 (1.03-3.11) 0.74 (0.52-1.05)
0.0% 0.0% 0.0%

32.3 (23.3-42.5) 1.05 (0.69-1.60) 0.86 (0.30-2.48)
55.0% 80.7% 84.9%

80.4 (66.1-90.6) 2.18 (1.08-4.38) 0.73 (0.54-0.99)
0.0% 0.0% 0.0%

45.5 (31.2-60.2) 1.01 (0.80-1.28) 1.08 (0.75-1.55)
89.2% 23.8% 0.0%

34.3 (27.2-42.0) 2.41 (1.89-3.07) 0.35 (0.12-1.01)
0.0% 0.0% 75.6%
68.1 (60.4-75.2) 2.44 (1.50-3.98) 0.31 (0.21-0.47)

69.1% 76.6% 0.0%

723 (59.8-82.7) 2.80 (1.82-4.31) 0.44 (0.25-0.77)
0.0% 0.0% 7.0%

Table 1: Pooled diagnostic values of index tests.

We also performed sensitivity analyses post-hoc to
examine the effect of study quality (risk of bias) on our
findings. We conducted separate sensitivity analyses for
each of the four risk of bias domains of the QUADAS-2
scale, each time removing studies at high risk of bias for
that domain.

Role of the funding source

There was no funding for this study. The corresponding
authors had full access to all the data in the study and had
final responsibility for the decision to submit for publication.

Results

After removing duplicates (n = 1093) our search iden-
tified 3562 citations. Of these, 2964 were deemed clearly
irrelevant based on screening by title and a further 496
studies were excluded based on title and abstract. An
additional 23 potentially relevant studies were found by
contacting experts in the field and relevant citations
were provided to search for the additional studies.
Following full-text review by two independent authors,
21 new studies and the 41 studies from the previous
review were included for analysis (total 62 studies)
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(Fig. 1). Excluded studies and primary reasons for
exclusion are presented in Supplementary Appendix S2.

Six authors'®**>* were contacted for additional data
and/or discrepancies, with one author'® able to provide
additional data.

The results of the quality assessment using the
QUADAS-2" scale are presented in Supplementary
Appendix S3 Fig. 2 (studies reporting on the disc) and
Fig. 3(studies reporting on the SIJ and facet). The
domain which scored worst was ‘reference standard’
where only 17 studies (27%) demonstrated low risk of
bias. Low risk of bias scores in the remaining domains
were as follows: patient selection (26/62 studies; 42%),
index test (34/62 studies; 55%), and flow and timing
(30/62 studies; 48%). Seventeen of the 62 (27%) studies
demonstrated low concerns for applicability across all
domains. Low concerns of applicability scores in the

remaining domains were as follows: patient selection
(33/62 studies; 53%), index test (54/62 studies; 87%),
and reference standard (31/62 studies; 50%). Further
details regarding scoring of the domains are presented
in Supplementary Appendix S4 and S5.

Of the 62 included studies, > #5276 35
studieg!s-0s25455590100-687270 investigated the disc, 14
studies® 5002657071 jnvestigated the facet joint and 11
studies®®#*#46-4555 the sacroiliac joint. Two studies®”*
investigated all three sources. Studies investigated
from 1 to 40 index tests. Sample sizes of the 62 included
studies ranged from 15 to 736 (median: 55) and they
were conducted in 13 countries. Forty-five studies were
conducted in tertiary care, 3 studies in secondary care,
and 14 studies were not clear on the healthcare setting.
No studies were conducted in primary care. All studies
included patients with persistent LBP. The estimated

[ Identification of studies via databases and registers ]

Records removed before screening:
Duplicate records removed
(n=1093)

Records excluded

\4

(n = 2964)

Records excluded

A 4

(n = 496)

Records excluded: (n = 104)
Did not assess at least one index test

c
2 Records identified from:
3 Databases (n = 4655)
= e Medline (n = 1705)
S e EMBASE (n=1777)
= e CINAHL (n=1173)
\ 4
Records screened (Title)
(n = 3562)
= Records screened (Abstract)
£ (n = 598)
s Records found from experts in
S the field (n=23)
(7]
A 4
Reports assessed for eligibility
(n =125)
= Studies included in review
S (n=62):
S Hancock et al 2007 (n = 41)
= New studies (n = 21)

A 4

(n=21)

Inappropriate population sample (n = 8)
Did not include a reference standard as
per study protocol (n = 40)

No appropriate 2x2 table or usable data
presented (n = 28)

Not appropriate study design (n = 6)
Duplicate study (n = 1)

Fig. 1: Study selection.
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prevalence of pain originating from discs, facet joints,
and the sacroiliac joint (according to a positive reference
test) across all studies demonstrated a median of 46%
(IQR: 26%) for discogenic pain, 53% (IQR: 7%) for
sacroiliac joint pain, and 42% (IQR: 20%) for facet joint
pain. The characteristics of the 60 studies are provided
in Table 2.

The pooled results are provided in Table 1 and
Supplementary ~ Appendix S7. Table 1 and
Supplementary Appendix S7 also includes heterogeneity
statistics (I%) for the pooled results. Results for individ-
ual studies are provided in Supplementary Appendix Sé6.

Results for index tests for discogenic pain studies that
could be pooled across at least two studies are presented
below. All MRI studies investigating discogenic pain
calculated diagnostic accuracy at the level of the disc,
while studies investigating centralisation always calcu-
lated diagnostic accuracy at the level of the patient.

Ten studies'"*2#2°°254% investigated MRI evidence of
disc degeneration. Five studies”" used the Pfirrmann
scale® and seven studies measured disc degeneration,
four using disc nuclear signal®>*”? and three using
disc height.”*>** Only studies investigating disc degen-
eration using the Pfirrmann scale (i.e., > grade 3 or >
grade 4) were pooled for the main analysis.

For studies measuring disc degeneration using the
Pfirrmann scale, we were able to pool four studies
investigating disc degeneration with a threshold of >
grade 3"'® and three studies investigating disc
degeneration with a threshold of > grade 4!
(Table 1). Pooling demonstrated informative +LRs
(2.53; 95% CI: 1.57-4.07, I* = 83.4% and 2.20; 95% CI:
1.61-3.01, I* = 44.4% for > grade 3 and > grade 4
respectively) and -LRs (0.15; 95% CI: 0.09-0.24,
I? = 0.0%) and 0.37; 95% CI: 0.19-0.73, T* = 59.9%
respectively) (Table 1).

Fourteen studies'®*>**** investigated MRI evidence of
a high intensity zone (HIZ) and we were able to pool 12
studies’®”  (Table 1). Pooling demonstrated
informative +LRs (3.10; 95% CI: 2.27-4.25, I* = 63.6%),
but uninformative —LRs (0.61; 95% CI: 0.48-0.77,
I = 92.2%) (Table 1).

Six studies??****>7* investigated the MRI evidence of
an annular fissure and we were able to pool five
studieg?>*****>  (Table 1). Pooling demonstrated
informative +LRs (2.88; 95% CI: 2.02-4.10, I* = 79.5%)
and —LRs (0.24; 95% CI: 0.10-0.55, I* = 90.3%) (Table 1).

Four studies''**** investigated MRI evidence of Type
1 Modic changes and we were able to pool all 4 studies
(Table 1). Pooling demonstrated informative +LRs (10.0;
95% CI: 4.20-23.82, I” = 0.0%), but uninformative ~LRs
(0.84; 95% CI: 0.74-0.96, 1> = 89.2%) (Table 1).

Three studies>'** investigated MRI evidence of Type
2 Modic changes and we were able to pool all 3 studies
(Table 1). Pooling demonstrated informative +LRs (8.03;
95% CI: 3.23-19.97, 1% = 0.0%), but uninformative —LRs
(0.88; 95% CI: 0.88-0.96, I> = 65.8%) (Table 1).

Four studies’*” investigated the centralisation
phenomenon to identify discogenic pain and we were
able to pool all four studies (Table 1). Pooling demon-
strated informative +LRs (3.06; 95% CI: 1.44-6.50,
I> = 10.8%), but uninformative —LRs (0.66; 95% CI:
0.52-0.84, I” = 57.9%) (Table 1).

Index tests for sacroiliac joint pain studies that could
be pooled across at least 2 studies are presented below.
Index tests investigated included a range of pain prov-
ocation tests (clinical examination) and bone scan.

Two studies** investigated radionuclide imaging
(i.e., bone scan) to identify the sacroiliac joint as a
source of low back pain and we were able to pool both
studies. Pooling demonstrated informative +LRs (7.33;
95% CI: 1.42-37.8, I* = 0.0%), but uninformative —LRs
(0.74; 95% CI: 0.41-1.34, 1> = 80.29) (Table 1).

For clinical examination-based index tests to identify
the sacroiliac joint our meta-analysis demonstrated
informative +LR for the distraction test"* (2.18; 95% CI
1.08-4.38, I? = 0.0%), but uninformative —LR (0.73; 95%
CI: 0.54-0.99, I* = 0.0%). Absence of midline low back
pain** demonstrated informative +LR (2.41 95% CI;
1.89-3.07, I? = 0.0%) and -LR 0.35 (95% CI: 0.12-1.01,
I> = 75.6%). Pooling for all other index tests for the
sacroiliac joint demonstrated that no test in isolation
provided informative +LRs and -LRs (Table 1). Seven
studies?”*+*#=* investigated a composite of pain provo-
cation tests (3 or more positive sacroiliac joint provoca-
tion tests) and we were able to pool six studies.?” 34
Pooling demonstrated informative +LRs (2.44; 95% CL:
1.50-3.98, I* = 76.6%) and -LRs (0.31; 95% CI:
0.21-0.47, 1> = 0.0%) (Table 1).

Index tests for facet joint pain studies evaluated in
two or more individual studies are presented below.
Only one index test for the facet joint was able to be
pooled. The remaining index tests are presented in
Supplementary Appendix S6. Index tests presented
below include imaging tests (SPECT—single-photon
emission computed tomography), Revel’s criteria (5 or
more of 7 clinical characteristics: age >65, pain relieved
by recumbency, pain not exacerbated by coughing, pain
not exacerbated by extension/rotation, pain not exacer-
bated by forward flexion, pain not exacerbated by hy-
perextension, pain not worse with rising), paraspinal
pain, midline spinal pain. Index tests investigated in
single studies included a range of clinical examination
findings, and clinical prediction rules (Supplementary
Appendix S6).

Four studies’**®”” investigated evidence of facet
joint uptake on SPECT and we were able to pool three
studies®***””  (Table 1). Pooling demonstrated
informative +LRs (2.80; 95% CI: 1.82-4.31, I* = 0.0%)
and —LRs (0.44; 95% CI: 0.25-0.77, I = 7.0%) (Table 1).

Studies investigating Revel’s criteria were not pooled
due to heterogeneity in diagnostic values between
studies.®***7*”! The diagnostic accuracy of Revel’s criteria
was inconsistent.”*”°”"  Two studies’’' found
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Study Country Tissue Sample Healthcare setting/Study population Index tests
conducted source size
April et al., 1992 Australia Disc 41 Tertiary care: patients with LBP + leg pain for >3/12 referred for MRI
both MRI and discography.
Akgun et al., 2022 Turkey Facet joint 51 Tertiary care: patients with LBP, who underwent single-level SPECT
facet injection
Bartynski et al., 2023 USA Disc 44 Tertiary care: patients with chronic LBP and referred for MRI
discography
Braithwaite et al., 1998 UK Disc 58 Tertiary care: patients with chronic LBP + leg pain who MRI
underwent MRI and discography prior to spinal fusion
Carragee et al.,, 2002 USA Disc 25 Tertiary care: patients with mild persistent LBP NOT seeking MRI
treatment
Carrera et al., 1980 USA Facet joint 48 Not clear: patients with buttock pain + lumbar or lower T
extremity symptoms referred for diagnostic injections
Chelala et al., 2019* USA Disc 736 Tertiary care: patients referred for a discogram were potential MRI
surgical candidates or candidates for minimally invasive
procedures.
DePalma et al., 2011 USA Disc, facet 160 Tertiary care: patients with LBP that was either recalcitrant to Clinical examination
joint, Sl) spine-focused physical therapy, oral analgesics, or oral anti-
inflammatory medications.
Donelson et al., 1997 USA Disc 63 Tertiary care: patients with chronic LBP + lower extremity pain Clinical examination
referred for discography. All patients had one or more positive
MRI levels.
Dreyfuss et al., 1996 USA Sl 120 Tertiary care: patients presenting to private pain management Clinical examination
centre, with chronic LBP + lower extremity pain.
Eskander et al., 2015 USA Sl 22 Tertiary care: patients with unilateral LBP + radiation to lower Clinical examination,
extremity for >2/12. Fluoroscopic exam
Freiermuth et al., 2015 Switzerland Facet joint 29 Tertiary care: patients with LBP >3/12 referred to pain relief unit. SPECT/CT
Gornet et al., 2019 USA Disc 139 Tertiary care: patients with LBP who underwent both MRS and MRS
discography.
Hanna et al.,, 2013 Sweden Disc 35 Tertiary care: patients with LBP >6/12 that failed conservative MRI
therapy and referred for preoperative lumbar discography
Helbig et al., 1988 USA Facet joint 22 Tertiary care: patients who underwent lumbar facet joint Clinical examination,
injection for LBP and leg pain radiograph
Holder et al., 1995 USA Facet joint 19 Tertiary care: patients referred with a diagnosis of possible facet SPECT
syndrome
Horton et al., 1992 USA Disc 25 Tertiary care: patients being considered for operative MRI
intervention who underwent MRI and discography.
Ito et al., 1998 USA Disc 39 Not clear: patients with chronic LBP studied with MRI and MRI
discography
Kang et al., 2009 South Korea/USA Disc 62 Tertiary care: patients with severe LBP that was likely to be disc MRI
related + radiation to lower limb extremity.
Koh et al., 2011 South Korea Facet joint 33 Not clear: patients with chronic LBP >6/12. SPECT
Kokkonen et al., 2002 Finland Disc 36 Tertiary care: patients admitted to hospital because of chronic MRI
LBP of unclear but suspected discogenic origin.
Lam et al., 2000 UK Disc 73 Tertiary care: patients considered for spinal fusion. All patients MRI
had at least one positive HIZ
Laslett et al., 2003 USA Sl 200 Tertiary care: patients presenting to private pain management Clinical examination
centre, with chronic LBP + lower extremity pain.
Laslett et al., 2004 USA Facet joint 116 Tertiary care: patients with chronic LBP + lower extremity Clinical examination
symptoms referred to diagnostic radiology practice.
Laslett et al., 2005a USA Disc 83 Tertiary care: patients with chronic LBP + leg pain and abnormal Clinical examination
MRI referred to diagnostic injections
Laslett et al., 2005b USA NJ] 32 Tertiary care: patients with unilateral LBP + posterior thigh pain Clinical examination
for more than 7 weeks. All patients had tenderness over Sij joint
line.
Laslett et al., 2006a USA Disc 216 Tertiary care: patients with persistent LBP + radiation to lower Clinical examination
limb extremity referred to a private radiology practice
specializing in the diagnosis of spinal pain.
Laslett et al., 2006b USA Facet joint 151 Tertiary care: patients with persistent LBP + radiation to lower Clinical examination

limb extremity referred to a private radiology practice
specializing in the diagnosis of spinal pain.

(Table 2 continues on next page)
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candidates for surgery and had abnormal MRI.

Study Country Tissue Sample Healthcare setting/Study population Index tests
conducted source size
(Continued from previous page)
Lei et al., 2008 UK Disc 55 Tertiary care: patients with disabling LBP that were likely to be MRI
disc related. Candidates for spinal surgery also included.
Lewinnek et al., 1986 USA Facet joint 21 Not clear: patients with LBP Clinical examination
Lim et al., 2005 South Korea Disc 47 Not clear: patients with chronic LBP who underwent both MRI
discography and MRI. Disc degeneration but no neural
compression on MRI.
Maigne et al., 1998 France Sl 42 Tertiary care: patients with LBP >3/12 referred for facet injection. Radionuclide image
40 patients with LBP but not true sciatica
86 chronic LBP patients referred for facet joint blocks
10 patients with LBP + leg pain
Manchikanti et al., 1999 USA Facet joint 120 Secondary care: patients presenting to private pain management Clinical examination
centre, with chronic LBP + lower extremity pain.
Manchikanti et al., 2000 USA Facet joint 200 Secondary care: patients presenting to private pain management Clinical examination
centre, with chronic LBP + lower extremity pain.
Mekhail 2021 USA Sl 199 Tertiary care: patients with LBP evaluated by diagnostic SlJ Clinical examination
injections
Milette et al., 1990 Canada Disc 100 Not clear: patients with subjective complaints suggestive of HNP T
but no neurological deficits.
Nejati 2020 Iran Sl 48 Secondary care: patients with LBP or buttock pain with or Clinical examination
without lower extremity pain
O'Neill et al.,, 2008 Canada Disc 143 Tertiary care: patients with LBP >6/12. No neurologic deficits, no MRI
previous surgery, and had an MRI.
Ohnmeiss et al., 1999 USA Disc 187 Not clear: patients with LBP + lower extremity pain who Clinical examination
underwent discography.
Osti et al., 1992 Australia Disc 33 Tertiary care: patients investigated for LBP MRI
Parker et al., 1996 USA Disc 15 Tertiary care: patients with chronic LBP + leg pain referred for MRI
MRI and discography prior to surgery.
Revel et al., 1992 France Facet joint 60 Not clear: patients with chronic LBP below L5, over one Sl + leg Clinical examination
pain referred for diagnostic injections.
Revel et al., 1998 France Facet joint 42 Tertiary care: patients with LBP >3/12 referred for facet injection. Clinical examination
40 patients with LBP but not true sciatica
86 chronic LBP patients referred for facet joint blocks
10 patients with LBP = leg pain
Ricketson et al., 1996 USA Disc 29 Not clear: patients with LBP + radicular symptoms who MRI
underwent both MRI and discography.
Saifuddin et al., 1998 UK Disc 58 Tertiary care: patients with chronic non-radicular LBP who MRI
underwent both MRI and discography before possible spinal
fusion
Schellhas et al., 1996 USA Disc 63 Not clear: patients who underwent MRI and Discography for LBP MRI
and had at least one positive HIZ level
Schneider et al., 2020 USA NJ] 39 Tertiary care: patients referred for SIJ injection Clinical examination
Simmons et al., 1991 USA Disc 164 Not clear: patients with LBP + radicular symptoms MRI
Slipman et al., 1996 USA M| 50 Tertiary care: patients referred to spine centre with LBP + leg Radionuclide image
pain. Positive physical examination on at least 3 SIJ tests.
Smith et al.,, 1998 USA Disc 55 Tertiary care: patients who underwent both lumbar discography MRI
and MRI.
Stanford et al., 2010 Canada NJ] 34 Not clear: patients with LBP that was refractory to non-invasive Clinical examination
conservative spine treatment for >6/12
Stojanovic et al., 2010 USA Facet joint 119 Not clear: patients with chronic LBP unresponsive to MRI
conservative therapy
van der Wurff et al., 2006 Netherlands NJ] 85 Tertiary care: patients referred for SI) blocks, with pain principally Clinical examination
below L5
Vanharanta et al., 1988 USA Disc 107 Not clear: patients with LBP where "discography was indicated” Plain radiograph
and plain radiograph had been previously performed.
Vanharanta et al., 1998 USA Disc 78 Tertiary care: patients with chronic LBP + leg pain, who MRI, vibration
underwent MRI and discography
Waldrop et al., 2021 USA Disc 736 Tertiary care: patients referred for lumbar spine discography MRI
Weishaupt et al., 2001 Switzerland Disc 50 Tertiary care: patients with severe chronic LBP who were MRI

(Table 2 continues on next page)
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Study Country Tissue Sample Healthcare setting/Study population Index tests
conducted source size

(Continued from previous page)

Yoshida et al., 2002 Japan Disc 23 Tertiary care: patients with chronic LBP and leg pain who MRI
underwent both MRI and discography.

Young et al., 2003 USA Disc, Sl), Facet joint 81 Tertiary care: patients with chronic lumbopelvic pain referred for Clinical examination
diagnostic injections.

Yrjama et al., 1994 Finland Disc 57 Tertiary care: patients with LBP Vibration

Yrjama et al., 1996 Finland Disc 38 Tertiary care: patients with LBP mostly for several years Ultrasound, vibration

Yrjama et al., 1997 Finland Disc 33 Tertiary care: patients with chronic LBP mostly for many years MRI, vibration

SIJ = sacroiliac joint; LBP = low back pain; MRI = magnetic resonance imaging; MRS = magnetic resonance spectroscopy; CT = computed tomography; SPECT = single-photon emission computerized
tomography; HIZ = high intensity zone; HNP = herniated nucleus pulposus; USA = United Stated of America; UK = United Kingdom. *Most index tests in this study™ were excluded as this study only
reported the presence or absence of the “worst” disc feature present. For example, if a disc presented with disc degeneration and disc herniation then that disc was categorised as disc herniation only.

Table 2: Individual study characteristics.

informative +LRs and -LRs and two other studies®***
found uninformative +LRs and —LRs (Supplementary
Appendix S6). None of the seven individual items
comprising Revels criteria produced informative +LRs
and -LRs in more than one study (Supplementary
Appendix S6). Para-spinal pain and midline spinal
pain both had uninformative +LRs and -LRs
(Supplementary Appendix S6).

We also pre-planned sensitivity analysis to investi-
gate the influence of the reference test quality on esti-
mates of the diagnostic accuracy of index tests, by
limiting the studies to those meeting our higher
threshold for the reference test quality.

Five studies?*?*?*?* investigating HIZ met our
criteria for a higher quality reference standard. When
pooling only these studies?*?"***** the results demon-
strated slightly higher informativeness for the +LRs
(3.54; 95% CI: 2.03-6.20) compared to when pooling all
studies regardless of the reference standard quality
(+LR: 3.10; 95% CI: 2.27-4.25) (Table 1). The
pooled —LR (0.48; 95% CI: 0.28-0.81) met our cut-off for
informativeness unlike when all studies were pooled
regardless of reference standard quality (-LR: 0.61; 95%
CI: 0.48-0.77) (Supplementary Appendix S8).

Two studies**® investigating a combination of
sacroiliac joint pain provocation tests met our criteria
for a higher quality reference standard. When pooling
only these studies’** the results demonstrated higher
informativeness for the +LR (4.09; 95% CI: 2.53-6.60)
compared to when pooling all studies regardless of
reference standard quality (+LR 2.44; 95% CI:
1.50-3.98) (Table 1). The pooled -LR (0.17; 95% CI:
0.08-0.39) met our cut-off for informativeness unlike
when all studies were pooled irrespective of reference
standard quality (-LR 0.31; 95% CI: 0.21-0.47)
(Supplementary Appendix S8). However, these results
should be interpreted with caution due to the small
number of studies.

We also performed sensitivity analyses post-hoc to
examine the influence of risk of bias quality on

www.thelancet.com Vol 59 May, 2023

estimates of the diagnostic accuracy of index tests by
excluding studies with high risk of bias in each of the
four domains of the QUADAS-2 scale. For a combina-
tion of sacroiliac pain provocation tests, removing
studies of high risk of bias for the domain ‘patient se-
lection’ reduced the +LR from 2.44 (95% CI: 1.50-3.98)
to 1.69 (95% CI: 0.98-2.90) and for ‘reference standard’
increased the +LR from 2.44 (95% CI: 1.50-3.98) to 3.06
(95% CI: 1.75-5.33). For HIZ and the remaining do-
mains for combination of sacroiliac joint pain provoca-
tion tests, the removal of studies with high risk of bias
had little to no effect on the diagnostic accuracy values.
Further details are presented in Supplementary
Appendix S8.

Only one index test had more than ten studies in the
meta-analysis to explore publication bias. No publication
bias was found for the meta-analysis of the index test
‘MRI evidence of high intensity zone’ (12 studies) based
on Deeks test (p = 0.53).

Discussion

We located 60 studies investigating the diagnostic ac-
curacy of tests to identify the source of low back pain. To
our knowledge this is the most comprehensive analysis
of diagnostic tests for low back pain to date. Most
studies focussed on the disc (35 studies) with fewer
studies considering the facet joint (14 studies) or the
sacroiliac joint (11 studies). We found evidence that
some index tests had informative +LRs and —LRs for the
disc and sacroiliac joint, and the facet joint. In studies of
people with persistent pain, MRI findings of disc
degeneration, HIZ, annular fissure, Modic type 1,
Modic type 2, and uptake of facet joint on SPECT
increased the likelihood of the disc being a nociceptive
source of low back pain. The only informative physical
examination-based index tests were a positive central-
isation phenomenon to identify discogenic pain, and the
absence of midline low back pain and a combination of
sacroiliac joint pain provocation tests to identify sacro-
iliac joint pain.
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In the previous review, MRI evidence of a high in-
tensity zone and disc degeneration, and centralisation
phenomenon were found to be informative to identify
the disc as the source of low back pain and a combi-
nation of sacroiliac joint provocation tests were found to
be informative to identify the SIJ as the source of low
back pain.” The results of our review reinforced the re-
sults of the previous review as a larger number of
studies were able to be pooled. The previous review
found there was no informative index tests to identify
the facet joint as the source of low back pain, however
the results of our review found that facet joint uptake on
SPECT was informative.

Strengths of this study include using a sensitive
search strategy and following a strict pre-specified pro-
tocol. Another strength is that we were able to pool a
greater number of studies compared to the previous
review resulting in more confidence in the results.” A
limitation of our review is that most studies included in
our review included convenience samples of patients
referred to tertiary settings for further diagnostic
testing, despite testing index tests more commonly used
in primary care. This sampling approach may inflate
prevalence estimates, but it’s impact on diagnostic ac-
curacy of the index tests is unclear. Risk of bias was
generally high for the domain ‘reference standard’ as
most studies used a less strict criteria for a positive test,
which may reflect the realities of how these tests are
used in clinical practice. Approximately half of the
studies in the other three domains demonstrated low
risk of bias, which should provide clinicians with some
confidence in our results. Our review found that 21 new
studies investigating the source of low back pain have
been published in the past 15 years. While this sub-
stantially increased the available evidence, some index
tests still lack adequate evidence and demonstrate
imprecise values to draw confident conclusions
regarding diagnostic accuracy.

Our results challenge the dominant view in the low
back pain field, that a pathoanatomical diagnosis is
usually not possible and so the label non-specific low
back pain should instead be used for most patients. Our
review provides preliminary evidence that a diagnosis
may be possible for a subgroup of patients with low back
pain, potentially moving beyond the non-specific low
back pain label. The ability to form a diagnosis in people
with persistent low back pain is an important step to-
wards developing new, more targeted, and specific
treatment approaches. The pathology and causal mech-
anism driving Modic type 1 changes have, for example,
been linked to bacterial infection, inflammation, and
bone marrow oedema.” For annular fissures, zones of
granulation tissue have been proposed to be the causal
mechanism driving discogenic low back pain.” Treat-
ments that aim to address these causes and mecha-
nisms (e.g., antibiotics, Zoledronic acid or Denosumab
for Modic type 1 changes) require much further

research regarding their safety and effectiveness; how-
ever, these research approaches present an opportunity
to develop targeted more effective treatments.

Our results align with a recent systematic review*
that investigated the diagnostic accuracy of clusters of
pain provocation tests for the sacroiliac joint as the
source of LBP. The review found similar LRs to our
review for 3 or more sacroiliac joint provocation tests
(+LR: 2.13; 95% CI: 1.20-3.90 and -LR: 0.33; 95% CI
0.11-0.72).*° The review also found a positive or negative
test was associated with an increase or decrease in the
probability of the sacroiliac joint being the source of
pain.*® Our results challenge and support some of the
clinical features that are thought to be associated with
discogenic and SIJ pain. For example, a recent seminar
in The Lancet® advocated the MRI findings that our re-
view showed were informative for discogenic LBP, but it
also advocated clinical features which lack evidence of
diagnostic accuracy. Our review will thus have value for
informing clinical assessment of low back pain.

Studies investigating index tests with different
thresholds or defined by different measures (e.g., disc
degeneration) did not always make it clear which
thresholds or definitions were being compared. It is
possible this may have affected diagnostic accuracy
values; however, these studies were reviewed indepen-
dently by two reviewers (CSH, MJH, or CGM) to
minimise errors. Possible sources of heterogeneity in
our review could be from the population (e.g., were
patients’ surgical candidates), healthcare setting (e.g.,
primary care verse secondary care), the index test per-
formed, the reference standard, and methods of the
study (e.g., defined thresholds for a positive test). Un-
fortunately, it was not possible to explore heterogeneity
between studies due to a lack of data and studies that
could be pooled in the analysis.

There is a need for more diagnostic research evalu-
ating tests to identify the pathoanatomical source of low
back pain. To date the diagnostic research has focussed
on the facet joint, disc and sacroiliac joint as sources of
low back pain, but other structures of the lumbosacral
spine (e.g., muscles, fascia, ligaments and vertebral
body)® are potential nociceptive sources and there are
treatments targeting these structures. As there are now
informative tests for the disc, sacroiliac joint, and facet
joint (only one test), it should be a priority to investigate
whether patients judged to have these conditions based
upon validated index tests have different prognoses or
responses to treatment compared to patients considered
not to have those conditions. Ultimately, the diagnoses
based upon these index tests will only have utility if they
predict prognosis or response to treatment. A related
issue is how informative does a test need to be to justify
shifting from generic treatment of cases of non-specific
low back pain to more targeted treatments directed to-
wards the structure putatively responsible for a patient’s
symptoms. This issue is of interest as the +LRs for the
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disc tests ranged from 2.20 to 10.00 and so yield quite
different certainties in a particular diagnosis. Some of
the index tests investigated in our review are continuous
(e.g., disc degeneration) and the diagnostic accuracy
may be influenced by the thresholds used to define a
positive test. Future research should more carefully
investigate the optimal thresholds for a positive test.

Not all patients with low back pain would potentially
benefit from a pathoanatomical diagnosis as many acute
cases settle rapidly with little or no formal treatment.”'
The potential benefit is more likely to be seen in those
patients with persisting low back pain where a pathoa-
natomical diagnosis may help select more targeted
treatment. However even in this patient group it would
be important to consider issues such as feasibility, ac-
cess, and costs of the index tests, and of the resulting
treatment approaches they would lead to.

A better understanding of the clinical value of these
diagnostic tests will allow clinicians to be selective in
which patients are most likely to benefit from further
testing. Future research into the utility of these diag-
nostic tests is important as uncritical application may
lead to unnecessary imaging, overdiagnosis, and ulti-
mately, overtreatment. This is important as research has
shown unnecessary testing can lead to increases in re-
sources, costs, and negative downstream conse-
quences.® Some of the informative index tests included
in this review require imaging (e.g., MRI or SPECT)
which is accessible in some but not all countries. These
imaging tests are reasonably expensive tests that may
restrict access for many people, but if they inform
management that aids recovery and return to work, they
may be cost-effective. Other index tests include clinical
examination tests such as those for SIJ pain, which are
cheap but do require adequate clinical skills and
training.

In conclusion, our review identified informative in-
dex tests to identify the disc, sacroiliac joint, and the
facet joint as the source of LBP. This suggests it may be
possible to diagnose a subgroup of patients with low
back pain. A diagnosis may shift generic symptomatic
treatments of non-specific low back pain to instead,
more specific treatments targeted to the pathoanatom-
ical source of low back pain. Our results challenge and
support some of the diagnostic tests thought to be
associated with discogenic and SIJ pain. Further high-
quality primary studies are required to assess the clin-
ical utility of these tests in guiding more targeted
treatments and subsequently improving outcomes, ul-
timately to improve patient care.
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Appendix S1. Search strategy

MEDLINE EMBASE CINAHL
. "Sensitivity and Specificity"/ . 'Sensitivity and Specificity'/ 1. (MH "Sensitivity and Specificity")
. specificity.mp. . Specificity.mp. 2. Specificity

1
2
3. False Negative Reactions/ or false negativ*.mp.
4. False Positive Reactions/ or false positiv¥.mp.
5. accura*.mp.

6. "Predictive Value of Tests"/ or predictive value*.mp.

7. Reference Values/ or reference value*.mp.

8. (roc adj2 (analys* or area or characteristic* or curve*
or estimate* or evaluat*)).mp.

9. ROC Curve/

10. Likelihood Functions/ or likelihood ratio*.mp.

11.1or2or3ord4or5o0r6or7or8or9orl0

12. medical history taking.mp. or Medical History
Taking/

13. physical exam*.mp. or exp Physical Examination/
14. radiograph*.mp. or exp Radiography/

15. x ray*.mp. or X-Rays/

16. diagnostic procedure*.mp.

17. exp Magnetic Resonance Imaging/ or magnetic
resonance imag*.mp.

18. exp Tomography, X-Ray Computed/ or computed
tomograph*.mp.

19. nuclear medicine.mp. or Nuclear Medicine/

20. exp Radionuclide Imaging/ or radionuclide
imag*.mp.

21. scintigraph*.mp.

22. bone scan*.mp.

23. "Surveys and Questionnaires"/ or
questionnaire*.mp.

24. clinical history.mp.

25. Anesthesia, Spinal/ or spinal injection*.mp.

26. Diagnostic Tests, Routine/ or diagnostic test*.mp.

27. discograph*.mp.

28. Thermography/ or thermograph*.mp.

29. pain provocation test*.mp.

30. exp Injections, Intra-Articular/ or intra-articular
injection*.mp.

31. exp Nerve Block/ or nerve block*.mp.

32. diagnostic block*.mp.

33.120r130r 14 0or150r 16 or 17 or 18 or 19 or 20 or
21 or22or23o0r24or25o0r26o0r27o0r28or29or30
or31or32

34. facet.mp.

35. Zygapophyseal Joint/ or zygapophy*.mp.

36. posterior element*.mp.

37. disc.mp.

38. discs.mp.

39. disk*.mp.

40. exp Intervertebral Disc/

41. Sacroiliac Joint/ or sacroiliac.mp.

42. sij.mp.

43.34 0r350r36 0or37or38or39o0r40or4lor42

44. Low Back Pain/ or low* back pain.mp.

45. back pain.mp. or Back Pain/

46. spin* pain.mp.

47. exp Spinal Diseases/ or spine* disease*.mp.
48. lumbar pain.mp.

49.44 or 45 or 46 or 47 or 48

50.11and 33 and 43 and 49

1
2
3. 'False Negative Results/ OR "false negativ*".mp
4. 'False Positive Results'/ OR "false positiv*".mp.
5. accura*.mp

6. 'Predictive Value'/ OR "predictive value*".mp.

7. 'Reference Value'/ OR "reference value*".mp.
8. (roc adj (analys* OR area OR characteristic* OR
curve* OR estimate* OR evaluat*)).mp.

9. 'Receiver operating characteristic'/

10. "likelihood ratio*".mp.

11. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
OR #9 OR #10
12. "anamnesis".mp

13. radiograph*.mp OR 'Radiography'/

14. radiograph*.mp OR 'Radiography'/

15. "x ray*".mp OR 'X ray/

16. "diagnostic procedure*".mp

17. Exp Nuclear Magnetic Resonance Imaging'/ OR
"magnetic resonance imag*".mp

18. “Computer Assisted Tomography*”.mp

19. "nuclear medicine".mp OR 'Nuclear Medicine'/
20. Exp Scintiscanning/

21. scintigraph*.mp
22. "Bone scintiscanning ".mp
23. 'Questionnaires'/ OR questionnaire*.mp

24. "clinical history".mp
25. 'Spinal anesthesia'/ OR "spinal injection*".mp
26. 'Diagnostic Test,'/ OR "diagnostic test*".mp

27. discograph*.mp

28. 'Thermography'/ OR thermograph*.mp

29. "Provocation test*".mp

30. 'Intraarticular drug administration/ OR
"intraarticular injection*".mp.

31. 'Nerve Block'/ OR "nerve block*".mp

32. "diagnostic block*".mp.

33.#12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18
OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25
OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32
34. Facet.mp.

35. 'Zygapophyseal Joint'/ OR zygapophy*.mp.

36. "posterior element*".mp.

37. Disc.mp.

38. Discs.mp.

39. disk*.mp

40. Exp 'Intervertebral Disk'/

41. 'Sacroiliac Joint'/ OR sacroiliac.mp.

42. Sij.mp.

43. #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40
OR #41 OR #42

44. 'Low Back Pain'/ OR "low* back pain".mp.

45. "back pain".mp OR 'Backache'/

46. "spinal pain".mp

47. Exp 'Spine Disease'/ OR "spine* disease*".mp

48. "lumbar pain".mp

49. #44 OR #45 OR #46 OR #47 OR #48

50. #11 AND #33 AND #43 AND #49

3. (MH "False Negative Results") OR "false negativ*"
4. (MH "False Positive Results") OR "false positiv*"

5. Valid*

6. (MH "Predictive Value of Tests") OR "predictive
value*"

7. (MH "Reference Values") OR "reference value*"

8. "(analys* OR area OR characteristic* OR curve* OR
estimate* OR evaluat*))" OR (MH "ROC Curve")

9. (MH "ROC Curve")

10. (MH "Maximum Likelihood ") OR "likelihood
ratio*"

11.S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR
S9 OR S10

12. "medical history taking" OR (MH "Patient History
Taking")

13. "physical exam*" OR (MH "Physical Examination+")
14. radiograph* OR (MH "Radiography+")

15. "x ray*" OR (MH "X-Rays")

16. "diagnostic procedure*"

17. (MH "Magnetic Resonance Imaging+") OR
"magnetic resonance imag*"

18. (MH "Tomography, X-Ray Computed+") OR
"computed tomograph*"

19. "nuclear medicine" OR (MH "Nuclear Medicine")
20. (MH "Radionuclide Imaging+") OR "radionuclide
imag*"

21. Radionuclide imag*

22. "bone scan*"

23. (MH "Questionnaires") OR questionnaire*

24, "clinical history"

25. (MH "Anesthesia, Spinal") OR "spinal injection*"
26. (MH "Diagnostic Tests, Routine") OR "diagnostic
test*"

27. discograph*

28. (MH "Thermography") OR thermograph*

29. "pain provocation test*"

30. (MH "Injections, Intraarticular+") OR "intraarticular
injection*"

31. (MH "Nerve Block+") OR "nerve block*"

32. "diagnostic block*"

33.512 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18
OR S$19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25
OR $26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32
34. Facet

35. (MH "Zygapophyseal Joint") OR zygapophy*
36."posterior element*"

37. Disc

38. Discs

39. disk*

40. (MH "Intervertebral Disk+")

41. (MH "Sacroiliac Joint") OR sacroiliac

42. 5jj

43.534 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40
OR S41 OR S42

44. (MH "Low Back Pain") OR "low* back pain"

45. "back pain" OR (MH "Back Pain")

46. "spin* pain"

47. (MH "Spinal Diseases+") OR "spine* disease*"

48. "lumbar pain"

49. S44 OR S45 OR S46 OR S47 OR S48

50.S11 AND S33 AND S43 AND S49
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Appendix S2. List of excluded full-text articles and the primary reason for exclusion

# Study Title First reason for exclusion

1 Acevedo-Gonzalez 2015 Diagnostic test scale SI5: Assessment of sacroiliac joint dysfunction No 2x2 table or usable data presented

2 Ackerman 2008 Pain Relief With Intraarticular or Medial Branch Nerve Blocks in No 2x2 table or usable data presented
Patients With Positive Lumbar Facet Joint SPECT Imaging: A 12-
Week Outcome Study

3 Ahmad 2022 Role of MRI to Rule Out Non Discogenic Causes of Nerve Root Did not use a reference standard as per protocol
Compression

4 Alamin 2011 Provocative lumbar discography versus functional anesthetic Did not assess at least one index test
discography: a comparison of the results of two different diagnostic
techniques in 52 patients with chronic low back pain

5 Al-Bedri 2020 The relationship between clinical features and magnetic resonance Did not use a reference standard as per protocol
imaging proved lumbar disc bulging and herniation

6 Al-Bedri 2021 Relationship between disability and radiographic findings of lumbar Did not use a reference standard as per protocol
disk degeneration in sample of Iraqgi patients with mechanical low
backache

7 Albert 2019 Where do patients with MRI-confirmed single-level radiculopathy Inappropriate population sample
experience pain, and what is the clinical interpretability of these
pain patterns? A cross-sectional diagnostic accuracy study

8 Arab 2009 Inter- and intra-examiner reliability of single and composites of Did not use a reference standard as per protocol
selected motion palpation and pain provocation tests for sacroiliac
joint

9 Bajada 2016 Psychometric properties including reliability, validity and Did not use a reference standard as per protocol
responsiveness of the Majeed pelvic score in patients with chronic
sacroiliac joint pain

10 Bensler 2020 Comparison of treatment outcomes in lumbar disc herniation Did not use a reference standard as per protocol
patients treated with epidural steroid injections: interlaminar versus
transforaminal approach

11 Blankenbaker 2006 Axial rotation of the lumbar spinal motion segments correlated with Did not use a reference standard as per protocol
concordant pain on discography: a preliminary study

12 Bogduk 2009 On the rational use of diagnostic blocks for spinal pain Inappropriate population sample

13 Bogduk 2010 On diagnostic blocks for lumbar zygapophysial joint pain Inappropriate population sample

14 Bokov 2013 The potential impact of various diagnostic strategies in cases of Did not assess at least one index test
chronic pain syndromes associated with lumbar spine degeneration

15 Borthakur 2011 T1p magnetic resonance imaging and discography pressure as novel Did not assess at least one index test
biomarkers for disc degeneration and low back pain

16 Bosscher 2012 Diagnosis of the Vertebral Level from Which Low Back or Leg Pain Did not assess at least one index test
Originates. A Comparison of Clinical Evaluation, MRI and
Epiduroscopy

17 Brayda-Bruno 2014 Advances in the diagnosis of degenerated lumbar discs and their Study is a review
possible clinical application

18 Broadhurst 1998 Pain provocation tests for the assessment of sacroiliac joint No 2x2 table or usable data presented
dysfunction

19 Carragee 2006 Low-pressure positive Discography in subjects asymptomatic of Inappropriate population sample
significant low back pain illness

20 Carragee 2006 A gold standard evaluation of the "discogenic pain" diagnosis as Did not use a reference standard as per protocol
determined by provocative discography

21 Chen 2009 Imaging of low back pain: comparative role of high intensity zone in Study is a review
diagnosing the discogenic low back pain with evidence-based
radiology

22 Chen 2014 [Magnetic resonance imaging study of disc low back pain] No 2x2 table or usable data presented

23 Cohen 2007 Clinical predictors of success and failure for lumbar facet Did not assess at least one index test
radiofrequency denervation

24 Cohen 2007 Clinical Predictors of Success and Failure for Lumbar Facet Did not use a reference standard as per protocol
Radiofrequency Denervation

25 Cohen 2013 Facet joint pain--advances in patient selection and treatment Study is a review

26 Cohen 2013 Establishing an optimal "cutoff" threshold for diagnostic lumbar Did not assess at least one index test
facet blocks: A prospective correlational study

27 Cohen 2014 Can changes in vital signs be used to predict the response to lumbar Did not assess at least one index test
facet blocks and radiofrequency denervation? A prospective,
correlational study

28 Cohen 2014 The effect of sedation on the accuracy and treatment outcomes for Did not assess at least one index test
diagnostic injections: a randomized, controlled, crossover study

29 Cohen 2018 Effectiveness of lumbar facet joint blocks and predictive value Did not assess at least one index test
before radiofrequency denervation the Facet Treatment Study
(FACTS), a randomized, controlled clinical trial

30 Cohen 2020 Waddell (Nonorganic) Signs and Their Association With Did not assess at least one index test
Interventional Treatment Outcomes for Low Back Pain

31 Cohen 2022 Multicenter study evaluating factors associated with treatment Did not use a reference standard as per protocol

outcome for low back pain injections
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32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55
56

57

58

59

60

61

62

63

Conger 2020

Cuellar 2010

DePalma 2012

Dephillipo 2019

Derby 2012

d'Hemecourt 2019
Dolan 1996

Eski 2022
Fairbank 1981

Ford 2020

Gupta 2022
Gutke 2009
Hao 2006
Hebelka 2013
Jackson 1988
Jain 2015

Jain 2021

Joo 2016

Juch 2017

Kasliwal 2016
Kluner 2006
Laloo 2018
Laslett 2006

Laslett 2019
Liliang 2011

Lilius 1989

Liu 2008

Liu 2018
Manchikanti 2000

Manchikanti 2008

Manchikanti 2010

Maus 2014

The Effectiveness of Radiofrequency Ablation of Medial Branch
Nerves for Chronic Lumbar Facet Joint Syndrome in Patients
Selected by Guideline-Concordant Dual Comparative Medial Branch
Blocks

Cytokine evaluation in individuals with low back pain using
discographic lavage

Multivariable Analyses of the Relationships

Between Age, Gender, and Body Mass Index

and the Source of Chronic Low Back Pain

Sacroiliac pain: Structural causes of pain referring to the si joint
region

Comparison of four different analgesic discogram protocols
comparing the incidence of reported pain relief following local
anesthetic injection into concordantly painful lumbar intervertebral
discs

Sensitivity and specificity of physical examination tests for sacroiliac
pain in the adolescent and young athletes

THE VALUE OF SPECT SCANS IN IDENTIFYING BACK PAIN LIKELY TO
BENEFIT FROM FACET JOINT INJECTION

Lumbar intervertebral disc degeneration, end-plates and paraspinal
muscle changes in children and adolescents with low-back pain
Apophyseal injection of local anesthetic as a diagnostic aid in
primary low back pain syndromes

Clinical features as predictors of histologically confirmed
inflammation in patients with lumbar disc herniation with
associated radiculopathy

Magnetic Resonance Imaging as a Modality for Evaluation of
Degenerative Lumbosacral Diseases

Posterior pelvic pain provocation test is negative in patients with
lumbar herniated discs

[The application of lumbar discography in the diagnosis and
treatment of the discogenic low back pain]

HIZ's relation to axial load and low back pain: investigated with axial
loaded MRI and pressure controlled discography

Facet joint injection in low back pain: a prospective statistical study
Evaluation of Efficacy of Bone Scan With SPECT/CT in the
Management of Low Back Pain: A Study Supported by Differential
Diagnostic Local Anesthetic Blocks

Predictors of discogenic pain in magnetic resonance imaging: a
retrospective study of provocative discography performed by
posterolateral approach

Impact of Type of Needle on Incidence of Intravascular Injection
During Diagnostic Lumbar Medial Branch Block

Effect of Radiofrequency Denervation on Pain Intensity Among
Patients With Chronic Low Back Pain: The Mint Randomized Clinical
Trials

Fluoroscopy-Guided Sacroiliac Joint Injection: Description of a
Modified Technique

Percutaneous discography: comparison of low-dose CT,
fluoroscopy and MRI in the diagnosis of lumbar disc disruption
New bone formation in the intervertebral joint space in
spondyloarthritis: An MRI study

Pain provocation tests for diagnosis of sacroiliac joint pain

Clinical Diagnosis of Sacroiliac Joint Pain

Sacroiliac Joint Pain after Lumbar and

Lumbosacral Fusion: Findings Using Dual

Sacroiliac Joint Blocks

The lumbar facet syndrome: a randomised clinical trial

The diagnosis of internal disc disruption with CT discography.
[Chinese]

Painful Schmorl's nodes treated by discography and discoblock

The Diagnostic Validity and Therapeutic

Value of Lumbar Facet Joint Nerve

Blocks with or Without Adjuvant Agents

Influence of psychological variables on the diagnosis of facet joint
involvement in chronic spinal pain

Making sense of the accuracy of diagnostic lumbar facet joint nerve
blocks: an assessment of the implications of 50% relief, 80% relief,
single block, or controlled diagnostic blocks

Diagnostic and therapeutic spinal interventions: Diskography

No 2x2 table or usable data presented

Did not assess at least one index test

Did not assess at least one index test

Did not use a reference standard as per protocol

Did not assess at least one index test

Did not use a reference standard as per protocol
No 2x2 table or usable data presented

Did not use a reference standard as per protocol
Did not use a reference standard as per protocol

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol
Did not use a reference standard as per protocol
No 2x2 table or usable data presented

Duplicate to Hanna 2013

No 2x2 table or usable data presented

No 2x2 table or usable data presented

No 2x2 table or usable data presented

Did not assess at least one index test

No 2x2 table or usable data presented

Did not assess at least one index test

Did not use a reference standard as per protocol
Inappropriate population sample

Study is a commentary

Study is from a symposium
Inappropriate population sample

No 2x2 table or usable data presented
No 2x2 table or usable data presented
Did not assess at least one index test

No 2x2 table or usable data presented

No 2x2 table or usable data presented

No 2x2 table or usable data presented

Study is an editorial
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Schwarzer 1994
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Shim 2006

Son 2021
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Su 2022

Sudol-Szopinska 2015

Suzuki 2016
Telli 2018
Teraguchi 2020
Thompson 2009
Tonosu 2018

Toren 2020

Veizi 2011

Wang 2008

Sensitivity of Laségue Sign and Slump Test in Hernia and Disc Bulging
Diagnoses Compared with Magnetic Resonance Imaging

[Evocative lumbar discography]

Is the Distribution Pattern of Modic Changes in Vertebral End-plates
Associated With the Severity of Intervertebral Disc Degeneration?: A
Cross-sectional Analysis of 527 Caucasians

Accuracy of diagnostic lumbar facet joint nerve blocks: a 2-year
follow-up of 152 patients diagnosed with controlled diagnostic
blocks

Comparative analysis of the pain provocation test and the HABER
test to diagnose nonspecific low-back pain associated with the
sacroiliac joint

Extending the straight leg raise test for improved clinical evaluation
of sciatica: validity and diagnostic performance with reference to
the magnetic resonance imaging

Real-time ultrasound image classification for spine anesthesia using
local directional Hadamard features

Provocative Discography: Diagnostic Efficacy and Safety in
Symptomatic Degenerative Disk Disease

Low Back Pain: Prediction of Shortterm Outcome of Facet Joint
Injection with Bone Scintigraphy

Can discoblock replace discography for identifying painful
degenerated discs?

Bilateral L1 and L2 dorsal root ganglion blocks for discogenic low-
back pain

Controlled medial branch anesthetic block in the diagnosis of
chronic lumbar facet joint pain: the value of a three-month follow-
up

The Diagnostic Value of Clinical Sacroiliac Joint Pain Provocation
Tests for Detection of Sacroiliitis Identified by MRI in Sampled Iraqi
Patients with Inflammatory Back Pain

Blockade of the sinuvertebral nerve for the diagnosis of lumbar
diskogenic pain: an exploratory study

Clinical features of patients with pain stemming from the lumbar
zygapophysial joints: Is the lumbar facet syndrome a clinical entity
Prevalence and clinical features of lumbar

zygapophysial joint pain: a study in an Australian population with
chronic low back pain

The ability of computed tomography to identify a painful
zygapophysial joint in patients with chronic low back pain
Ultrasound-guided lumbar medial-branch block: a clinical study with
fluoroscopy control

Disc height discrepancy between supine and standing positions as a
screening metric for discogenic back pain in patients with disc
degeneration

Factors determining the success of radiofrequency denervation in
lumbar facet joint pain: a prospective study

Automatic Grading of Disc Herniation, Central Canal Stenosis and
Nerve Roots Compression in Lumbar Magnetic Resonance Image
Diagnosis

Diagnostics of Sacroiliitis According to ASAS Criteria: A Comparative
Evaluation of Conventional Radiographs and MRI in Patients with a
Clinical Suspicion of Spondyloarthropathy. Preliminary Results
Diagnosis and characters of non-specific low back pain in Japan: The
Yamaguchi low back pain study

The Validity and Reliability of Provocation Tests in the Diagnosis of
Sacroiliac Joint Dysfunction

Lumbar high-intensity zones on MRI: imaging biomarkers for severe,
prolonged low back pain and sciatica in a population-based cohort
Modic changes on MR images as studied with provocative
diskography: clinical relevance--a retrospective study of 2457 disks
Validation study of a diagnostic scoring system for sacroiliac joint-
related pain

MRI During Spinal Loading Reveals Intervertebral Disc Behavior
Corresponding to Discogram Findings of Annular Fissures and Pain
Provocation

Medial branch blocks and facet joint injections as predictors of
successful radiofrequency ablation

[Correlation between high intensity zone on MRI and positive pain
response on lumbar discography in the diagnosis of discogenic low
back pain]

Did not use a reference standard as per protocol

No 2x2 table or usable data presented

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol

Inappropriate population sample

No 2x2 table or usable data presented
No 2x2 table or usable data presented
No 2x2 table or usable data presented
Did not assess at least one index test

Did not assess at least one index test

Did not use a reference standard as per protocol

Did not assess at least one index test
No 2x2 table or usable data presented

No 2x2 table or usable data presented

No 2x2 table or usable data presented
Did not assess at least one index test

No 2x2 table or usable data presented

Did not assess at least one index test

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol
Did not use a reference standard as per protocol
Did not use a reference standard as per protocol
No 2x2 table or usable data presented

Did not use a reference standard as per protocol

No 2x2 table or usable data presented

Did not use a reference standard as per protocol

No 2x2 table or usable data presented
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Wang 2021

Weber 2015
Werner 2013

Yamashita 2019
Yuan 2006

Zhao 2018

Zheng 2015
Zhou 2016

Zhu 2016

Zigler 2018

Zobel 2012

Imaging Analysis of the High-Intensity Zone on Lumbar Spine
Magnetic Resonance Images: Classification, Features and
Correlation with Low Back Pain

Candidate lesion-based criteria for defining a positive sacroiliac joint
MRI in two cohorts of patients with axial spondyloarthritis
Distraction test of the posterior superior iliac spine (PSIS) in the
diagnosis of sacroiliac joint arthropathy

Accurate diagnosis of low back pain in adult elite athletes
[Comparison between CT-discography and magnetic resonance
imaging in lumbar disc diseases]

Lumbar intervertebral disc degeneration assessed by the nine-point
system with X-ray. [Chinese]

Disc degeneration implies low back pain

The correlation between radiographic and pathologic grading of
lumbar facet joint degeneration

A method of localization and segmentation of intervertebral discs in
spine MRI based on Gabor filter bank

Progression of Adjacent-level Degeneration After Lumbar Total Disc
Replacement: Results of a Post-hoc Analysis of Patients With
Available Radiographs From a Prospective Study With 5-year Follow-
up

T1rho magnetic resonance imaging quantification of early lumbar
intervertebral disc degeneration in healthy young adults

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol
Inappropriate population sample

Did not use a reference standard as per protocol
No 2x2 table or usable data presented

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol
Did not use a reference standard as per protocol

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol

Did not use a reference standard as per protocol
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Appendix S4. Methodological quality of included studies

Study D1.Q1 D1.Q2 D1.Q3 D1.ROB DI1.App D2.Q1 D2.Q2 D2.ROB D2.App D3.Q1 D3.Q2 D3.ROB D3.App D4.Q1l D4.Q2 D4.Q3 D4.ROB
Aprill 1992 Yes Yes Yes Low Low Yes Yes Low Low No Unclear Low Low Unclear Yes Yes Unclear
Akgun 2022 No Yes Yes High Low No Unclear High High No No High High Yes Yes Yes Low
Bartynski 2023 Yes Yes Yes Low Low Yes Yes Low Low Yes Yes Low Low No Yes Yes Low
Braithwaite 1998 Yes Yes Yes Low Low Yes Yes Low Low No No High Low Unclear Yes Yes Unclear
Carragee 2002 Yes Unclear  Yes Unclear Low Yes Yes Low Low No Yes High Low No Yes Yes Low
Carrera 1980 Unclear Yes No Unclear Unclear  Unclear  Unclear Unclear Unclear  Yes Unclear Low Low Unclear Yes No High
Chelala 2019 No Yes Unclear  High Unclear  No No High Low No Unclear  Unclear Low No Yes Yes High
Depalma 2011 Yes Yes No Unclear Unclear  Yes Unclear Unclear Unclear  Yes No Low Low Unclear No No High
Donelson 1997 Yes Yes Yes Low High Yes Yes Low Low Yes Yes Low Low Yes Yes Yes Low
Dreyfuss 1996 Yes Yes Yes Low Low Unclear  Unclear Unclear Low Yes Unclear  Unclear Unclear  Unclear Yes Yes Low
Eskander 2015 Yes Yes Yes Low High Yes Yes Low Low Yes Yes Low Low Yes Yes Yes Low
Freiermuth 2015 No Yes Yes High High Yes Unclear Unclear Low Yes Yes Low Low Unclear Yes No High
Gornet 2019 No Yes Unclear  High High Unclear  Unclear Unclear Unclear  Unclear Unclear Unclear High Unclear Unclear No High
Hanna 2013 Yes Yes No Low High Yes Yes Low Low No Yes High Low Yes Yes No High
Helbig 1988 Yes Yes Unclear Low High No Unclear High Low No No High High Unclear  Yes Yes Low
Holder 1995 Yes Unclear Yes Unclear High Yes Unclear Unclear Low No No High High Unclear No No High
Horton 1992 Yes Yes No Low High Yes Unclear Low Low Unclear  Yes Unclear Unclear  Unclear Yes Yes Low
Ito 1998 Unclear  Yes Yes Unclear Low Yes Yes Low Low Unclear Yes High Unclear  Unclear Yes Unclear  Unclear
Kang 2009 Yes No No High Low Yes Yes Low Low Yes Unclear  Unclear Low Unclear  Yes Yes Low
Koh 2011 Unclear Yes No Unclear Low Yes Yes Low Low Yes Unclear  Unclear Low Yes Yes Yes Low
Kokkonen 2002 Yes Yes Yes Low Low Unclear Yes Unclear Low No Unclear  High High Unclear No Yes High
Lam 2000 Yes Yes Unclear  High High Yes Yes Low Low No Yes High High Unclear  Yes No High
Laslett 2006a Yes Yes Yes Low Low Yes Yes Low Low Unclear Yes Unclear Unclear  Yes No No High
Laslett 2005b No Yes Yes High Low Yes Yes Low Low No Yes High High Yes Yes Yes Low
Laslett 2006b Yes Yes No Low Low Yes No Low Low Unclear Yes Unclear Unclear  Yes Yes No High
Laslett 2004 Yes Yes No Low Low Yes No Low Low No Yes High High Unclear Yes No High
Laslett 2005a Yes Yes No Low Low Yes Unclear Low Low Unclear  Yes Unclear Unclear  Yes Yes No High
Laslett 2003 No Yes Unclear  High Low Yes Unclear Low Low Yes Yes Low Low Yes No No High
Lei 2008 Yes Yes Yes Low High Yes Yes Low Low Unclear No High Unclear  Unclear Yes Yes Low
Lewinnek 1986 Unclear Yes Unclear  Unclear Unclear  Unclear Yes Unclear Low No Unclear  Unclear High Unclear Yes Yes Low
Lim 2005 No Yes Unclear  High Unclear  Yes Yes Low Low Yes No Low Low No Yes Unclear  Unclear
Maigne 1998 No No Yes High Low Yes Yes Low Low Yes Yes Low Low Yes Yes No High
Manchikanti 2000  Yes Yes No Low Low Unclear No Unclear Low Yes Unclear  Unclear Low Unclear Yes Yes Low
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ROB=Risk of bias; App=Applicability; D=Domain; Q=Signalling question
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Appendix S5. Methodological quality of included studies decision guide

Domain 1. Patient selection

Domain 2. Index Test

Domain 3: Reference Standard

Domain 4: Flow and Timing

D1. Signalling question 1: Was a consecutive or
random sample of patients enrolled?
(Yes/No/Unclear)

Y= explicitly states that "consecutive series" or "random

sample” of participants were enrolled

N= other sampling methods (e.g., convenience sample)

U= sampling not specified/unclear
D1. Signalling question 2: Was a case-control design
avoided? (Yes/No/Unclear)

Y= Used design other than a case-control design

N= Used case control design

U= study design not mentioned/unclear

D1. Signalling question 3: Did the study avoid
inappropriate exclusions? (Yes/No/Unclear)

Y= The study avoided inappropriate exclusions

N= The study had “inappropriate exclusions" eg.,
excluding ‘difficult to diagnose’ patients” or cases
where a diagnosis is more obvious than in the usual
clinical population (e.g., “excluding patients with “red
flags” for the target condition”)

D2. Signalling question 1: Were the index test
results interpreted without knowledge of the results
of the reference standard? Yes/No/Unclear

Y= person conducting and/or interpreting index test
index had no knowledge of the results of reference
standard (e.g., “the index test is conducted and
interpreted before the reference standard”, or the
index test was conducted blind to the results of the
reference standard)

N= person conducting and/or interpreting index test
may have had knowledge of the results of reference
standard (e.g., the index test was not conducted and
interpreted before the reference standard)

U= unclear if reported in the study

D2. Signalling question 2: If a threshold was used,
was it pre-specified? Yes/No/Unclear

Y= Any threshold for a positive index test was pre-
specified e.g., the authors follow a study protocol

N= A threshold was used, and it was not pre-specified
(the authors appear to look at lots of different
thresholds and pick the best one)

U= unclear if reported in the study

D2. Risk of bias: Could the Conduct or Interpretation
of the Index Test Have Introduced Bias?

Score 'low' if persons conducting/interpreting index
text is blinded to the reference test results or
conduct of any other index test

Score 'high' if signalling Q1 is scored 'no' or persons
conducting/interpreting the index test was not
blinded

D3. Signalling question 1: Is the reference standard
likely to correctly classify the target condition?
Yes/No/Unclear

Y= ideal reference standard criteria used from our
protocol* (e.g., discogenic pain: discography with pain
provocation > 6/10 at disc pressures < 50 psi (if
recorded) OR pain behaviours indicative of pain
exacerbation), with a single pain-free control disc)

N= looser reference standard, for e.g., for discography,
researchers used cut-off <6/10, no single control disc,
higher disc pressures than ideal

U= not clear if reported in the study

D3. Signalling question 2: Were the reference standard
results interpreted without knowledge of the results
of the index test? Yes/No/Unclear

Y= person conducting and/or interpreting reference
test had no knowledge of results of index test

N= person conducting and/or interpreting reference
test index had knowledge of results of index test
(“Potential for bias is related to the potential influence
of previous knowledge on the interpretation of the
reference standard”)

U= not clear if reported in the study

D3. Risk of Bias: Could the Reference Standard, Its
Conduct, or its Interpretation Have Introduced Bias?

Score 'low' if signalling Q1 is rated as 'yes' and blinded
interpretation

Score 'high' if signalling Q1 is rated as 'no'

DA4. Signalling question 1: Was there an appropriate
interval between index test(s) and reference
standard? Yes/No/Unclear

Y= if the “results of the index test and reference
standard are collected on the same patients at the
same time” (interval between the tests was under 2
weeks for patients with chronic low back pain or under
1 week for acute low back pain)

N= if the results of the index test and reference
standard were not collected on the same patients at
the same time (interval between the tests was > 2
weeks for chronic, >1 week for acute)

U= not clear if reported in the study
DA4. Signalling question 2: Did all patients receive the
same reference standard?

Y= All patients received the same reference standard

N= “when only a proportion of the study group receives
confirmation of the diagnosis by the reference
standard, or if some patients receive a different
reference standard.”

U= not clear if reported in the study

DA4. Signalling question 3: Were all patients included in
the analysis? Yes/No/Unclear

Y= All (>95%) participants recruited into the study were
included in the analysis

N= “If the number of patients enrolled differs (>5%
difference) from the number of patients included in the
2x2 table of results”
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U= inclusion/exclusion criteria unclear

D1. Risk of bias: Could the Selection of Patients Have
Introduced Bias?

Score 'low' if signalling Q1 and Q2 is rated as 'yes'

Score 'high' if signalling Q1 or Q2 is rated as 'no'

Score 'unclear if any of the questions are reported as
‘unclear’, then there is an unclear risk of bias and a
judgement will be made on whether or not there is
enough information to make a decision about the risk
of bias

D1. Applicability: Are There Concerns That the
Included Patients and Setting Do Not Match the
Review Question? Included patients’ criteria: prior
testing, presentation, intended use of index test and
setting.

Score 'low concern' if participants are typical of

patients from primary care (e.g., persistent non-specific

low back pain; failed conservative treatment)

Score 'high concern' if participants are surgical
candidates

Score ‘unclear’ if insufficient information is provided to

assess this item

Score 'unclear if any of the questions are reported as
‘unclear’, then there is an unclear risk of bias, and a
judgement will be made on whether or not there is
enough information to make a decision about the risk
of bias

Applicability: Are There Concerns That the Index
Test, Its Conduct, or Its Interpretation Differ from
the Review Question?

Score 'low concerns' if the index text performed is
relevant to primary care clinician &/or target
condition

Score 'high concerns' if the index test performed is
not relevant to primary care clinician &/or target
condition

Score ‘unclear’ if insufficient information is provided
on how the index test was performed

Score 'unclear if any of the questions are reported as
‘unclear’, then there is an unclear risk of bias, and a
judgement will be made on whether or not there is
enough information to make a decision about the risk
of bias

Applicability: Are There Concerns That the Target
Condition as Defined by the Reference Standard Does
Not Match the Question?

Score 'low concern' if reference tests used are relevant

to the target condition

Score 'high concern' if the reference test is not
performed to standards in our review protocol

Score ‘unclear’ if insufficient information is provided to
assess this item

U= not clear if reported in the study

DA4. Risk of Bias: Could the Patient Flow Have
Introduced Bias?

Score 'low' if signalling Q2 and Q3 are rated as 'yes

Score 'high' if signalling Q2 or Q3 are rated as 'no’

Score 'unclear if any of the questions are reported as
‘unclear’, then there is an unclear risk of bias, and a
judgement will be made on whether or not there is
enough information to make a decision about the risk
of bias

D1=domain 1; D2=domain 2; D3=domain 3; D4=domain 4
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Appendix S6. Diagnostic values of all index tests

Author

Tissue source

Index test

Sensitivity (95% Cl)

Specificity (95% Cl)

LR+ (95%Cl)

LR- (95%Cl)

Aprill et al 1992

Aprill et al 1992

Aprill et al 1992
Akgun et al 2022
Bartynski et al 2023
Braithwaite et al 1998
Braithwaite et al 1998
Braithwaite et al 1998
Braithwaite et al 1998
Braithwaite et al 1998
Carragee et al 2002
Carragee et al 2002
Carragee et al 2002
Carragee et al 2002
Chelala et al 2019
Chelala et al 2019
Chelala et al 2019
Chelala et al 2019
Chelala et al 2019
Chelala et al 2019
Chelala et al 2019
Depalma et al 2011
Depalma et al 2011
Depalma et al 2011
Depalma et al 2011
Depalma et al 2011
Depalma et al 2011
Donelson et al 1997
Donelson et al 1997
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996

Dreyfuss et al 1996

Disc

Disc

Disc

Facet joint
Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Facet joint
Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Facet joint
Facet joint
NI

NI

Disc

Disc

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

MRI- HIZ vs exact & similar
pain reproduction

MRI- HIZ vs exact pain only
MRI- HIZ vs exact & similar
pain &morphology

Uptake on SPECT

MRI = Annular fissure
MRI- disc degeneration
(reduced signal intensity)
MRI- Modic changes Grade
1

MRI- Modic changes Grade
2

MRI- Modic changes Grade
3

MRI- Modic changes all
grades

MRI- disc degeneration all
grades

MRI- disc degeneration
grade 2 and 3

MRI-disc degeneration
grade 3 only

CT —intra-articular facet
joint degeneration

MRI — High intensity zone
MRI — Disc protrusion

MRI - Disc extrusion

MRI — Disc bulge

MRI — Disc degeneration
MRI — Disc Listhesis

MRI — Disc herniation
Midline LBP

Para-midline LBP

Absence of Midline LBP
Para-midline LBP

Absence of Midline LBP
Para-midline LBP
McKenzie centralisers*
McKenzie centralisers and
peripheralisers*

Better with standing
Better with walking

Better with sitting

Better with lying down
Worse with cough/sneeze
Worse with bowel motion
Worse with heels/boots
Worse with job activities
Sleeps with painful side up

Pain started with injury

Better with NSAIDs

63.3 (49.9 to 75.4)
81.6 (65.7 t0 92.3)
70.6 (56.2 to 82.5)
71.4 (55.4 to 84.3)
64.0 (49.2 t0 77.1)
86.7 (77.9 t0 92.9)
5.4 (1.8t012.1)
17.2 (10.2 to 26.4)
3.2(0.7t09.1)
23.3(15.1t0 33.4)
94.1 (71.3 t0 99.9)
82.4 (56.6 t0 96.2)
47.1(23.0t072.2)
88.9 (33.0 to 100.0)
24.6 (21.7 to 27.6)
22.8(20.1 to 25.8)
43(3.1t05.9)
13.1 (11 to 15.3)
21.9(19.2 to 24.8)
13.9 (11.6 to 16.4)
80.3 (75.3 to 84.6)
95.8 (88.1 0 99.1)
67.3 (52.9t0 79.7)
15.4 (6.9 t0 28.1)
95 (83.1t0 99.4)
12.9 (3.6 t0 29.8)
96 (79.6 t0 99.9)
63.9 (46.2 10 79.2)
94.4 (81.3 t0 99.3)
6.7 (1.4t0 18.3)
13.3(5.1t0 26.8)
6.7 (1.4t0 18.3)
53.3 (37.9 t0 68.3)
44.4 (29.6 to 60)
35.6 (21.9 t0 51.2)
15.6 (6.5 t0 29.5)
20.0 (9.6 to 34.6)
73.3 (58.1 t0 85.4)
68.9 (53.4 to 81.8)

45.5 (28.1t0 63.6)

96.6 (88.1 to 99.6)
88.8 (79.7 t0 94.7)
88.9 (77.4t0 95.8)
66.7 (29.9 to 92.5)
85.7 (72.8 t0 94.1)

79.0 (66.8 to 88.3)

99.2 (92.8 to 100.00)

96.8 (88.8 t0 99.6)
99.2 (92.8 to 100.0)
96.8 (88.8 t0 99.6)
43.1(30.2 to 56.8)
62.1(48.4 to 74.5)
89.7 (78.8 t0 96.1)
92.3 (47.2 to 100.0)
94.6 (93.4 t0 95.7)
96.7 (95.8 t0 97.6)
99.8 (99.5 to 100)
52.9 (51.1t0 54.7)
74.9 (72.7 t0 77.0)
96.3 (95.3 t0 97.2)
71.4 (69.4 to 73.3)
74.7 (65.0 to 82.9)
9.3(3.8t018.3)
28.0 (20.1t0 37.0)
25.3 (16.6 t0 35.7)
36.0 (28.0 to 44.5)
22.5(14.9t0 31.9)
70.4 (49.8 to 86.2)
51.9(31.9 to 71.3)
97.5 (86.8 t0 99.9)
77.5 (61.5 to 89.2)
85.0 (70.2 to 94.3)
47.5 (31.5 to 63.9)
47.5 (31.5 to 63.9)
62.5 (45.8 to 77.3)
45.0 (29.3 to 61.5)
62.5 (45.8 to 77.3)
22.5(10.8 t0 38.5)
20.0 (9.1 to 35.6)

58.8 (40.7 to 75.4)

18.36 (4.64 to 72.66)

7.25 (3.85 to 13.66)
6.35 (2.93 to 13.78)
2.14 (0.83 to 5.51)
4.48(2.19 t0 9.17)
4.13 (2.53 t0 6.75)
6.72 (0.37 to 120.8)
5.33 (1.27 to 22.38)
4.03 (0.21 to0 79.12)
7.23 (1.76 to 29.74)
1.65 (1.28 t0 2.13)
2.17 (1.46 t0 3.23)
4.55 (1.83 to0 11.3)
11.55 (0.79 to 169)
4.57 (3.61 t0 5.79)

7.02 (5.23 t0 9.43)

22.98 (7.1 to 74.32)

0.28 (0.24 t0 0.33)
0.87 (0.75 to 1.02)
3.76 (2.78 t0 5.08)
2.80 (2.57 to 3.06)
3.79 (2.69 to 5.34)
3.50 (1.56 to 7.84)
3.03 (2.22 t0 4.13)
1.27 (1.10 to 1.47)
2.42 (1.87 to 3.14)
1.24 (1.09 to 1.41)
2.16 (1.15 to 4.05)
1.96 (1.32 t0 2.92)
2.67 (0.29 to 24.62)
0.59 (0.23 to 1.52)
0.44 (0.12 to 1.66)
1.02 (0.68 to 1.52)
0.85 (0.55 to 1.31)
0.95 (0.54 to 1.66)
0.28 (0.14 t0 0.59)
0.53 (0.26 to 1.08)
0.95 (0.74 to 1.21)
0.86 (0.67 to 1.11)

1.10 (0.64 to 1.91)

0.38(0.27 t0 0.53)
0.21 (0.11 t0 0.41)
0.33(0.21t0 0.51)
0.43 (0.22 t0 0.83)
0.42 (0.29 t0 0.62)
0.17 (0.10 t0 0.29)
0.95 (0.90 to 1.01)
0.86 (0.77 t0 0.95)
0.98 (0.93 to 1.02)
0.79 (0.70 to 0.90)
0.14 (0.02 to 0.94)
0.28 (0.10 t0 0.81)
0.59 (0.37 t0 0.93)
0.12 (0.01 to 1.66)
0.80 (0.77 t0 0.83)
0.80 (0.77 t0 0.83)
0.96 (0.95 t0 0.97)
1.65 (1.58 to 1.71)
1.04 (1.00 to 1.09)
0.89 (0.87 t0 0.92)
0.28 (0.22 t0 0.35)
0.06 (0.02 t0 0.17)
0.74 (0.61 t0 0.91)
0.21 (0.11 t0 0.41)
0.20 (0.05 to 0.80)
0.20 (0.08 t0 0.51)
0.18 (0.03 to 1.25)
0.51 (0.31 t0 0.85)
0.11 (0.03 t0 0.43)
0.96 (0.87 to 1.05)
1.12 (0.91 to 1.37)
1.10 (0.94 to 1.28)
0.98 (0.63 to 1.54)
1.17 (0.77 to 1.78)
1.03 (0.75 to 1.43)
1.88 (1.30 to 2.70)
1.28 (0.97 to 1.70)
1.19 (0.56 to 2.51)
1.56 (0.73 t0 3.32)

0.93 (0.61 to 1.41)
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Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996

Dreyfuss et al 1996

Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Dreyfuss et al 1996
Eskander et al 2015
Eskander et al 2015
Eskander et al 2015
Eskander et al 2015

Eskander et al 2015

Freiermuth et al 2015

Gornet et al 2019
Hanna et al 2013
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988

Helbig et al 1988

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Facet

Disc

Disc

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Better with muscle relax
Better with physical therapy
Better with home exercises
Better with heat

Better with cold

Better with manipulation
Sl pain

Groin pain

Buttock pain

Sitting position

PSIS pointing

Gillet’s test

Thigh thrust

Patrick’s test

Gaenslen's test

Midsacral thrust

Spring

Sacral sulcus tenderness
Sacral sulcus tenderness
plus PSIS pointing

Sacral sulcus tenderness
plus groin pain

PSIS pointing plus groin pain
Sacral sulcus tenderness
plus PSIS pointing plus groin
pain

6 positive tests

7 positive tests

8 positive tests

9 positive tests

10 positive tests

11 positive tests
Distraction test

FABER test

Gaenslen’s test

Combined physical exam
Positive fluoroscopic exam
SPECT/CT Positive
Magnetic Resonance
Spectroscopy (MRS+)

MRI — High intensity zone
Physical examination
Spasm deformity

Local paravertebral

tenderness
Diffuse tenderness

36.0 (18.0 to0 57.5)
65.2 (42.7 to 83.6)
31.3 (16.1 t0 50.0)
61.3 (42.2t078.2)
66.7 (44.7 to 84.4)
53.6 (33.9 t0 72.5)
80.0 (65.4 to 90.4)
17.8 (8.0t0 32.1)
82.2 (67.9 to 92)
2.2(0.1t0 11.8)
71.1 (55.7 to 83.6)
40.0 (25.7 t0 55.7)
42.2(27.7 0 57.8)
57.8 (42.2 0 72.3)
66.7 (51.0 to 80.0)
51.1(35.8 to 66.3)
68.9 (53.4 to 81.8)
93.3 (81.7 to 98.6)
66.7 (51.0 to 80.0)
15.6 (6.5 t0 29.5)
15.6 (6.5 t0 29.5)

13.3 (5.1t0 26.8)

73.3 (58.1 to 85.4)
57.8 (42.2 0 72.3)
42.2(27.7 10 57.8)
20 (9.6 to 34.6)
6.7 (1.4t0 18.3)
2.2(0.1t0 11.8)
67 (?)

64 (?)

67 (?)

67 (?)

82 (?)
57.1(18.4t0 90.1)
?2(2)

43.7 (31.9 to 56)

?2(2)
?2(2)

?2(2)

50.0 (30.6 to 69.4)
80.0 (59.3 t0 93.2)
83.3 (65.3 to 94.4)
50.0 (32.4 to 67.6)
63.0 (42.4 t0 80.6)
77.8 (52.4 t0 93.6)
15.0 (5.7 t0 29.8)

65.0 (48.3 t0 79.4)
15.0 (5.7 t0 29.8)

82.5(67.2 10 92.7)
47.5 (31.5 t0 63.9)
55.0 (38.5 t0 70.7)
45.0(29.3 to 61.5)
22.5(10.8 to 38.5)
35.0 (20.6 t0 51.7)
40.0 (24.9 t0 56.7)
37.5(22.7 t0 54.2)
10.0 (2.8 t0 23.7)

50.0 (33.8 to 66.2)
67.5 (50.9 to 81.4)
85.0 (70.2 to 94.3)

85.0 (70.2 to 94.3)

20 (9.1t 35.6)
45 (29.3 t0 61.5)
50 (33.8 t0 66.2)
67.5 (50.9 to 81.4)
87.5 (73.2 t0 95.8)
97.5 (86.8 t0 99.9)
38(?)

?2(2)

50 (?)

50 (?)

80 (?)

77.3 (54.6 t0 92.2)
?2(2)

72.9 (58.2 to 84.7)

?2(2)
?2(2)

?2(2)

0.72 (0.38 to 1.37)
3.26 (1.41 t0 7.55)
1.88 (0.72 to 4.85)
1.23 (0.79 to 1.90)
1.80 (1.02 to 3.18)
2.41(0.95 to 6.11)
0.94 (0.77 to 1.15)
0.51 (0.24 to 1.08)
0.97 (0.80 to 1.17)
0.13 (0.02 t0 0.99)
1.35 (0.96 to 1.92)
0.89 (0.54 to 1.46)
0.77 (0.49 to 1.19)
0.75 (0.55 to 1.01)
1.03 (0.75 to 1.40)
0.85 (0.58 to 1.25)
1.10 (0.81 to 1.50)
1.04 (0.91 to 1.18)
1.33(0.92 to 1.94)
0.48 (0.21 to 1.08)
1.04 (0.38 to 2.83)

0.89 (0.31 to 2.54)

0.92 (0.73 to 1.16)
1.05 (0.72 to 1.53)
0.84 (0.53 to 1.34)
0.62 (0.30 to 1.28)
0.53 (0.14 to 2.09)
0.89 (0.06 to 13.75)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

2.51(0.92 to 6.85)
?2(2)

1.61 (0.95 to 2.75)

?2(2)
?2(2)

?2(2)

1.28 (0.8 to 2.050)
0.44 (0.24 t0 0.79)
0.83 (0.62 to 1.10)
0.77 (0.44 to 1.35)
0.53 (0.28 to 1.00)
0.60 (0.37 t0 0.95)
1.33(0.52 to 3.42)
1.27 (0.97 to 1.65)
1.19 (0.45 t0 3.12)
1.19 (1.02 to 1.38)
0.61 (0.35 to 1.07)
1.09 (0.76 to 1.58)
1.28 (0.84 to 1.96)
1.88 (0.96 to 3.66)
0.95 (0.53 to 1.72)
1.22 (0.75 to 1.98)
0.83 (0.46 to 1.50)
0.67 (0.16 to 2.80)
0.67 (0.40 to 1.12)
1.25 (0.98 to 1.61)
0.99 (0.83 to 1.19)

1.02 (0.86 to 1.21)

1.33 (0.61 to 2.93)
0.94 (0.58 to 1.52)
1.16 (0.78 to 1.72)
1.19 (0.91 to 1.54)
1.07 (0.93 to 1.23)
1.00 (0.94 to 1.07)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
0.77 (0.55 t0 0.92)
?2(2)

0.73 (0.58 to 0.85)

?2(2)

?2(2)

?2(2)
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Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Helbig et al 1988
Holder et al 1995
Holder et al 1995
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992

Horton et al 1992

Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Horton et al 1992
Ito et al 1998
Ito et al 1998
Ito et al 1998
Ito et al 1998
Ito et al 1998
Ito et al 1998
Ito et al 1998
Ito et al 1998
Ito et al 1998

Ito et al 1998

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Facet Joint

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Pain produced by motion

Minimal or no pain with
motion
SK.LR positive

Neurological findings
Abnormal
Radiographic findings

Severe facet changes vs
mild + none
3 Positive vs rest

2 Positive
1 Positive
Planar dianosis
SPECT diagnosis

MRI -dark bulged vs pain
reproduction

MRI- speckled bulged vs
pain reproduction

MRI- white bulged vs pain
reproduction

MRI- dark torn vs pain
reproduction

MRI- speckled torn vs pain
reproduction

MRI- dark flat vs pain
reproduction

MRI- speckled flat vs pain
reproduction

MRI- white flat vs pain
reproduction

MRI- dark and speckled vs
pain reproduction

MRI- dark bulged vs pain
reproduction & morphology
MRI- speckled bulged vs
pain reproduction &
morphology

MRI- white bulged vs pain
reproduction &morphology
MRI- dark Torn vs pain
reproduction & morphology
MRI- speckled torn vs pain
reproduction & morphology
MRI- dark flat vs pain
reproduction & morphology
MRI- speckled flat vs pain
reproduction & morphology
MRI- white flat vs pain
reproduction & morphology
MRI- dark speckled vs pain
reproduction & morphology
MRI- presence of radial tear

MRI- massive degeneration
MRI- mod narrowing
MRI- severe narrowing

MRI- moderate & severe
narrowing
MRI- moderate signal loss

MRI- severe signal loss

MRI- moderate & severe
signal loss

MRI- disruption of posterior
outermost annulus

MRI- bone marrow intensity
change

?2(2)
?2(2)

?2(2)

72.3 (39.0 to 94.0)

60.0 (14.7 t0 94.7)
455 (16.7 to 76.6)
18.2 (2.3 t0 51.8)
36.4 (10.9 t0 69.2)
71.4 (29.0 to 96.3)
93.3 (52.4 to 100.0)
20.0 (5.7 to 43.7)
35.0 (15.4 t0 59.2)
2.4(0.0t0 20.6)
15.0 (3.2t0 37.9)
10.0 (1.2t0 31.7)
2.4(0.0t0 20.6)
10.0 (1.2t0 31.7)
10.0 (1.2 t0 31.7)
90.0 (68.3 to 98.8)
21.1 (6.1 to 45.6)

36.8 (16.3 to 61.6)

2.6 (0.0t0 21.6)
15.8 (3.4 t0 39.6)
10.5 (1.3 to 33.1)
2.6 (0.0t0 21.6)
10.5 (1.3 t0 33.1)
5.3(0.1to 26.0)
94.7 (74.0 t0 99.9)
87.0 (66.4 to 97.2)
8.7 (1.1t0 28.0)
56.5 (34.5 to 76.8)
30.4 (13.2 t0 52.9)
87.0 (66.4 to 97.2)
26.1(10.2 to 48.4)
69.6 (47.1t0 86.8)
95.7 (78.1 t0 99.9)
34.8 (16.4 t0 57.3)

21.7 (7.5t0 43.7)

?2(2)

?2(2)

?2(2)

72.3 (39.0 to 94.0)

53.3 (26.6 to 78.7)

100.0 (71.5 to 100.0)

1.8 (48.2 t0 97.7)
36.4 (10.9 t0 69.2)
76.5 (58.8 t0 89.3)
70.6 (52.5 to 84.9)
89.7 (75.8 t0 97.1)
66.7 (49.8 t0 80.9)
87.2 (72.6 t0 95.7)
98.7 (88.8 to 100)
89.7 (75.8 t0 97.1)
97.4 (86.5 t0 99.9)
97.4 (86.5 t0 99.9)
71.8 (55.1 to 85.0)
41.0 (25.6 t0 57.9)
90.0 (76.3 t0 97.2)

67.5 (50.9 to 81.4)

87.5 (73.2 0 95.8)
98.8 (89.0 to 100.0)
90.0 (76.3 t0 97.2)
97.5 (86.8 t0 99.9)
97.5 (86.8 t0 99.9)
70.0 (53.5 to 83.4)
42.5 (27 t059.1)
65.4 (53.8 t0 75.8)
99.4 (94.2 to 100)
71.8 (60.5 to 81.4)
97.4(91.0 t0 99.7)
69.2 (57.8 t0 79.2)
57.7 (46.0 to 68.8)
88.5 (79.2 to 94.6)
46.2 (34.8 t0 57.8)
89.7 (80.8 to 95.5)

94.9 (87.4 to 98.6)

?2(2)
?2(2)

?2(2)

2.67 (0.95 to 7.47)

1.29 (0.52 t0 3.15)
11.00 (0.68 to
177.72)

1.00 (0.17 to 5.89)
0.57 (0.23 to 1.41)
3.04 (1.41 to 6.53)
3.17 (1.82 t0 5.53)
1.95 (0.54 to 6.99)

1.05 (0.50 to 2.21)

0.19 (0.01 to 3.31)

11.85 (0.62 to 225.3)

0.98 (0.20 to 4.98)
0.95 (0.03 to 27.17)
3.9(0.38 to 40.45)
0.36 (0.09 to 1.45)
1.53 (1.13 to 2.06)
2.11(0.59 to 7.53)

1.13 (0.54 t0 2.37)

0.21(0.01 to 3.57)

12.78 (0.67 to 242.8)

1.05 (0.21 t0 5.25)
1.03 (0.04 t0 29.27)
4.21(0.41 to 43.6)
0.18 (0.03 to 1.25)
1.65 (1.24 t0 2.20)
2.51 (1.78 t0 3.54)
13.65 (0.64 to

292.30)
2.00 (1.21t0 3.32)

11.87 (2.65 to 53.25)

2.83 (1.96 to 4.09)
0.62 (0.30 to 1.29)
6.03 (3.08 to 11.79)
1.78 (1.42 t0 2.22)
3.39 (1.43 t0 8.04)

4.24 (1.24 to 14.5)

?2(2)
?2(2)

?2(2)

0.37 (0.13 to 1.05)

0.75 (0.23 to 2.42)
0.57 (0.33 t0 0.96)
1.00 (0.67 to 1.48)
1.75 (0.71 to 4.31)
0.37 (0.11 t0 1.22)
0.09 (0.01 to 1.39)
0.89 (0.70 to 1.14)
0.98 (0.66 to 1.44)
1.12 (0.97 to 1.29)
0.86 (0.71 to 1.04)
1.00 (0.84 to 1.20)
1.00 (0.92 to 1.09)
0.92 (0.79 to 1.08)
1.25 (0.98 to 1.60)
0.24 (0.06 to 0.96)
0.88 (0.68 to 1.13)

0.94 (0.62 to 1.40)

1.11 (0.97 to 1.28)
0.85 (0.70 to 1.04)
0.99 (0.83 to 1.20)
1.00 (0.92 to 1.09)
0.92 (0.78 to 1.08)
1.35 (1.08 to 1.70)
0.12 (0.02 to 0.86)
0.20 (0.07 t0 0.58)
0.92 (0.81 to 1.04)
0.61 (0.37 t0 0.99)
0.71 (0.54 to 0.94)
0.19 (0.07 to 0.55)
1.28 (0.94 to 1.74)
0.34 (0.19 t0 0.64)
0.09 (0.01 to 0.65)
0.73 (0.53 t0 0.99)

0.83 (0.66 to 1.03)
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Ito et al 1998
Kang et al 2009
Kang et al 2009
Kang et al 2009
Kang et al 2009
Kang et al 2009
Kang et al 2009
Koh et al 2011

Koh et al 2011

Kokkonen et al 2002

Kokkonen et al 2002

Kokkonen et al 2002

Lam et al 2000

Lam et al 2000

Laslett et al 2003

Laslett et al 2003

Laslett et al 2004

Laslett et al 2004

Laslett et al 2004

Laslett et al 2004

Laslett et al 2005a

Laslett et al 2005a

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2005b

Laslett et al 2006a

Laslett et al 2006a

Laslett et al 2006a

Laslett et al 2006a

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Facet joint
Facet joint
Disc

Disc

Disc

Disc

Disc

NI

NI

Facet joint

Facet joint

Facet joint

Facet joint

Disc
Disc
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
NI
Disc
Disc
Disc

Disc

MRI- HIZ

MRI — High intensity zone
MRI — Disc protrusion

MRI - Class 2

MRI - Class 4

MRI — Disc degeneration
MRI — Endplate abnormality
SPECT 2nd week

SPECT 4th week

MRI- endplate degeneration
> grade 1

MRI- endplate degeneration
> grade 2

MRI endplate degeneration
> grade 3

MRI- HIZ vs exact/typical
pain

MRI-HIZ vs exact and similar
pain and morphology

3 or more positive SlJ pain
provocation tests

3 or more positive SlJ pain
provocation tests after
excluding suspected
discogenic cases using
McKenzie examination
Revel’s criteria vs 2 75%
pain relief

Revel’s criteria including
recumbancy vs 275% pain
relief

Revel’s criteria vs abolition
of pain

Revel’s criteria including
recumbancy vs abolition of
pain

Centralisation (all patients
with at least partial exam)*
Centralisation (full exam)*

Distraction test

Thigh thrust

Gaenslen’s test right side
Gaenslen’s test left side
Compression

Sacral Thrust

1 or more of 6 positive SIJ
pain provocation tests

2 or more of 6 positive SIJ
pain provocation tests

3 or more of 6 positive SIJ
pain provocation tests

4 or more of 6 positive SIJ
pain provocation tests

5 or more of 6 positive SIJ
pain provocation tests

6 of 6 positive SIJ pain
provocation tests
Vulnerable in neutral zone*

Frequent episodes of LBP*

Persistent pain between
episodes*

Complete &partial
centralisers*

52.2 (30.6 t0 73.2)
56.8 (?)

68.2(?)

14.2 (?)

455 (2)

95.4 (2)

13.6 (?)

96 (79.6 t0 99.9)
97.8 (81 to 100)
40.5 (24.8 t0 57.9)
21.6 (9.8 0 38.2)
2.7(0.1t0 14.2)
78.4 (68.8 t0 86.1)
0.8 (71.7 to 88)
91.7 (61.5 t0 99.8)

91.7 (61.5 to 99.8)

11.1 (2.4 10 29.2)

11.1 (2.4 10 29.2)

16.7 (3.6 to 41.4)

16.7 (3.6 to 41.4)

37.7 (25.6 to 51)
40.4 (27 to 54.9)
47.4(24.4t0 71.1)
70 (45.7 to 88.1)
47.4(24.4t0 71.1)
38.9 (17.3 to 64.3)
60.0 (36.1 to 80.9)
55.0 (31.5 to 76.9)
90.0 (68.3 to 98.8)
80.0 (56.3 to 94.3)
75.0 (50.9 to 91.3)
45.0 (23.1to 68.5)
20.0 (5.7 to 43.7)
5.0 (0.1to 24.9)
29.5 (16.8 t0 45.2)
23.3 (11.8t0 38.6)
24.4 (12.4 10 40.3)

35.6(21.9 t0 51.2)

89.7 (80.8 to 95.5)
83.6 (?)

0.6 (?)

88.6 (?)

97.8(?)

38.8(?)

87.3(?)

50 (15.7 to 84.3)
50 (18.7 to 81.3)
63.6 (50.9 to 75.1)
78.8 (67 t0 87.9)
98.5 (91.8 to 100)
72.4(59.1 to 83.3)
78.6 (65.6 to 88.4)
79.4 (61.2 t0 91.6)

90.9 (70.8 to 98.9)

91.0 (83.1 to 96.0)

91.0 (83.1 to 96.0)

93.3 (86.1 t0 97.5)

92.8 (85.4 0 97.2)

90.9 (70.8 to 98.9)
94.1(71.3 t0 99.9)
78.6 (59.0 t0 91.7)
64.3 (44.1t0 81.4)
70.4 (49.8 to 86.2)
74.1(53.7 to 88.9)
67.9 (47.6 to 84.1)
75 (55.1 t0 89.3)

42.9 (24.5 t0 62.8)
64.3 (44.1t0 81.4)
75.0 (55.1 to 89.3)
78.6 (59 t0 91.7)

85.7 (67.3 to 96)

85.7 (67.3 to 96)

81.0 (58.1 to 94.6)
95.5 (77.2 to 99.9)
97.7 (80.2 to 100)

88.2 (63.6 to 98.5)

5.09 (2.37 to 10.92)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

1.92 (0.96 to 3.86)
1.96 (1.05 to 3.65)
1.12 (0.67 to 1.85)
1.02 (0.47 t0 2.2)
1.78 (0.12 to 27.69)
2.84 (1.85 to 4.37)
3.77 (2.26 t0 6.28)

4.44 (2.19 to 9.00)

10.08 (2.66 to 38.21)

1.24 (0.35 to 4.34)

1.24 (0.35 to 4.34)

2.50 (0.69 to 9.08)

2.32 (0.65 t0 8.27)

4.15 (1.06 to 16.16)
6.87 (1.00 to 47.29)
2.21(0.94 t0 5.19)
1.96 (1.10 to 3.48)
1.60 (0.76 to 3.39)
1.50 (0.63 to 3.55)
1.87 (0.98 to 3.56)
2.20 (1.04 to 4.68)
1.58 (1.11 to 2.24)
2.24 (1.3 t0 3.86)
3.00 (1.51 t0 5.98)
2.10 (0.89 to 4.96)
1.40 (0.40 to 4.94)
0.35 (0.04 to 2.9)
1.55 (0.58 to 4.19)
5.12 (0.7 to 37.44)
10.48 (0.64 to 171)

3.02 (0.78 to 11.77)

0.53 (0.35 t0 0.82)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
0.50 (0.16 to 0.84)
0.50 (0.19 t0 0.81)
0.93 (0.68 to 1.29)
1.00 (0.81 to 1.23)
0.99 (0.93 to 1.05)
0.30 (0.20 to 0.45)
0.24 (0.16 t0 0.37)
0.11 (0.02 to 0.69)

0.09 (0.01 to 0.60)

0.98 (0.84 to 1.13)

0.98 (0.84 to 1.13)

0.89 (0.72 to 1.11)

0.9 (0.73 to 1.11)

0.69 (0.54 to 0.87)
0.63 (0.49 t0 0.82)
0.67 (0.42 to 1.07)
0.47 (0.23 t0 0.96)
0.75 (0.46 to 1.22)
0.83 (0.54 to 1.27)
0.59 (0.33 to 1.07)
0.60 (0.35 to 1.02)
0.23 (0.06 t0 0.93)
0.31(0.12 0 0.78)
0.33(0.15 t0 0.73)
0.70 (0.45 to 1.09)
0.93 (0.72 to0 1.22)
1.11 (0.92 to 1.33)
0.87 (0.66 to 1.15)
0.80 (0.67 t0 0.97)
0.77 (0.64 t0 0.93)

0.73 (0.55 to 0.96)
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Laslett et al 2006a

Laslett et al 2006a

Laslett et al 2006a

Laslett et al 2006a

Laslett et al 2006a

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Laslett et al 2006b

Lei et al 2008

Lei et al 2008

Lei et al 2008

Lewinnek et al 1986

Lewinnek et al 1986

Lewinnek et al 1986

Disc
Disc
Disc
Disc
Disc
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint

Facet joint

Facet joint

Facet joint
Facet joint
Facet joint
Facet joint
Facet joint

Facet joint

Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet
Facet
Facet
Facet
Facet
Facet

Facet

Disc
Disc
Disc
Facet Joint
Facet Joint

Facet Joint

Complete centralisers*
Directional preference*

Persistent pain between
episodes (PPE)

Moderate or major loss of
extension (ExtLoss)
Vulnerability in the neutral
zone (VABLE)

Painful extension/rotation
vs 75% pain relief

Painful extension/rotation
vs 80% pain relief

Painful extension/rotation
vs 85% pain relief

Painful extension/rotation
vs 90% pain relief

Painful extension/rotation
vs 95% pain relief

Painful extension/rotation
vs 100% pain relief
Painful ipsilateral
extension/rotation vs 95%
pain relief

Painful contralateral
extension/rotation vs 95%
pain relief

Age >50 vs 95% pain relief

Best activity is sitting vs 95%
pain relief

Best activity is walking vs
95% pain relief

MSPQ 13 or more vs 95%
pain relief

Absence of centralisation vs
95% pain relief

Absence of directional
preference vs 95% pain
relief

Onset is paraspinal vs 95%
pain relief

CPR1 vs 95% pain relief
CPR2 vs 95% pain relief
CPR3 vs 95% pain relief
CPRA4 vs 95% pain relief
CPR5 vs 95% pain relief
Age 50 or more

Pain is best when walking
Pain is best when sitting
Onset of pain is para-spinal
MSPQ>13 (somatization)
Extension/Rotation test
Absence of centralization
during repeated movement
testing

MRI — High intensity zone
MRI — Endplate changes
MRI pain predictors

Facet joiint DID on X-ray

Wakes from sleep

Acute onset

22.2(11.2t0 37.1)
48.9 (34.1t0 63.9)
32.3(21.2t0 45.1)
26.7 (17.1t0 38.1)
41.2 (29.4 t0 53.8)
83.3 (62.6 t0 95.3)
85.7 (63.7 to 97)

88.9 (65.3 to 98.6)
92.3 (64 t0 99.8)

95.2 (63.3 to 100)
95.2 (63.3 to 100)

87.5 (47.3t0 99.7)

50 (15.7 to 84.3)

54.5(23.4t0 83.3)
18.2 (2.3 t0 51.8)

36.4 (10.9 t0 69.2)
455 (16.7 to 76.6)
95.2 (63.3 to 100)

88.9 (51.8 t0 99.7)

70 (34.8 t0 93.3)
90 (55.5 t0 99.7)
95.2 (63.3 to 100)
95.2 (63.3 to 100)
95.2 (63.3 to 100)
1.8 (48.2 t0 97.7)
61.5 (31.6 t0 86.1)
30.8(9.1t0 61.4)
33.3(9.9 t0 65.1)
75 (42.8 t0 94.5)
46.2 (19.2 t0 74.9)
96 (68.3 to 100)

95.7 (66 to 100)

24.5(13.8 t0 38.3)
32.1(19.9 to 46.3)
94.3 (84.3 t0 98.8)
81.3 (54.4 to 96.0)
58.3 (27.7 t0 84.8)

95.2 (63.3 to 100.0)

97.1(76.3 to 100)
93.3 (68.1 t0 99.8)
92.0 (74.0 t0 99.0)
87.1(70.2 to 96.4)
83.3 (62.6 t0 95.3)
22.0 (12.3 t0 34.7)
22,6 (12.9 to 35)

23.1(13.5t0 35.2)
22.9(13.7 to 34.4)
23.3(14.2 to 34.6)
23.3(14.2 to 34.6)

32.7(20.7 to 46.7)

38.2 (25.4 t0 52.3)

77.3 (66.2 to 86.2)
89 (79.5 t0 95.1)
89.2 (79.8 t0 95.2)
65.8 (53.7 to 76.5)
15.8 (7.5 t0 27.9)

41.7 (29.1t0 55.1)

74.3 (62.8 t0 83.8)
85.1(74.3 t0 92.6)
37 (26 t0 49.1)
26.7 (17.1t0 38.1)
51.4 (39.4 to 63.1)
91.8 (83 t0 96.9)
76.6 (67.5 to 84.3)
91.5 (84.5 to 96)
89.5 (82 to 94.7)
72.1(62.5 t0 80.5)
69.5 (59.8 to 78.1)
22.3(14.7 to 31.6)

17.3 (9.8 t0 27.3)

86.7 (75.4 to 94.1)
98.3 (91.1 to 100)
76.7 (64 to 86.6)
33.3(0.0 t0 98.3)
94.1 (56.7 to 100.0)

50.0 (18.7 to 81.3)

7.78 (0.48 t0 126.1)
7.34 (1.08 to 49.86)
4.04 (1.02 to 15.97)
2.07 (0.77 to 5.55)
2.47 (0.97 to 6.32)
1.07 (0.85 to 1.34)
1.11 (0.89 to 1.38)
1.16 (0.94 to 1.43)
1.2 (0.98 to 1.47)
1.24 (1.03 to 1.49)
1.24 (1.03 to 1.49)

1.3(0.94 to 1.79)

0.81(0.39 to 1.67)

2.41 (1.22 to 4.76)
1.66 (0.40 to 6.82)
3.36 (1.21t0 9.32)
1.33 (0.65 to 2.73)
1.13 (0.95 to 1.35)

1.52 (1.1 to 2.09)

2.73 (1.56 to 4.78)
6.03 (3.28 to0 11.07)
1.51 (1.21 to 1.89)
1.30 (1.07 to 1.57)
1.96 (1.49 to 2.57)
9.96 (4.40 to 22.5)
2.63 (1.52 to 4.57)
3.62 (1.30 t0 10.12)
3.18 (1.20 to 8.45)
2.69 (1.72 to 4.22)
1.51(0.79 to 2.91)
1.24 (1.06 to 1.44)

1.16 (0.99 to 1.36)

1.84 (0.83 to 4.09)
19.24 (2.65 to
139.76)

4.04 (2.54 t0 6.43)

1.22 (0.38 t0 3.87)

9.92 (0.65 to 152.24)

1.91 (1.01 to 3.59)

0.80 (0.67 to 0.95)
0.55 (0.40 t0 0.75)
0.92 (0.74 t0 0.99)
0.87 (0.70 to 0.96)
0.83 (0.63 t0 0.95)
0.76 (0.27 to 2.09)
0.63 (0.20 to 1.99)
0.48 (0.12 t0 1.91)
0.34 (0.05 to 2.32)
0.20 (0.01 to 3.16)
0.20 (0.01 to 3.16)

0.38 (0.06 to 2.48)

1.31(0.61 0 2.83)

0.59 (0.30 to 1.14)
0.92 (0.69 to 1.23)
0.71 (0.45 to 1.12)
0.83 (0.47 to 1.46)
0.30 (0.02 to 4.82)

0.27 (0.04 to 1.73)

0.40 (0.16 to 1.05)
0.12 (0.02 t0 0.76)
0.13 (0.01 to 1.96)
0.18 (0.01 to 2.74)
0.09 (0.01 to 1.40)
0.20 (0.06 to 0.70)
0.77 (0.68 to 0.84)
0.92 (0.85 to 0.96)
0.90 (0.82 t0 0.95)
0.72 (0.63 t0 0.81)
0.70 (0.60 t0 0.78)
0.22 (0.15 t0 0.32)

0.17 (0.10 to 0.27)

0.87 (0.75 t0 0.94)
0.98 (0.91 to 1.00)
0.77 (0.64 t0 0.87)
0.56 (0.05 to 6.73)
0.44 (0.22 t0 0.88)

0.10 (0.01 to 1.53)
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Lewinnek et al 1986
Lewinnek et al 1986
Lewinnek et al 1986
Lewinnek et al 1986
Lewinnek et al 1986
Lewinnek et al 1986
Lim et al 2005

Lim et al 2005

Lim et al 2005

Lim et al 2005

Lim et al 2005

Maigne et al 1998
Manchikanti et al 1999
Manchikanti et al 1999
Manchikanti et al 1999
Manchikanti et al 1999
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000

Manchikanti et al 2000

Facet Joint
Facet Joint
Facet Joint
Facet Joint
Facet Joint
Facet Joint
Disc

Disc

Disc

Disc

Disc

NI

Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint

Facet joint

Pain below knee

Sitting increases pain
Time-dependent positional
distress

NSAID helped

Pain on extension

SLR

MRI- disc degeneration
Grades IV &V

MRI- HIZ

MRI- decreases disc height
MRI- abnormal end plate
MRI- facet osteoarthritis
Radionuclide imaging (bone
scan)

Gender- Male

Age > 65

Traumatic

Previous surgery

Age 265

Pain well relieved by supine
Pain not exacerbated by
coughing

Pain not exacerbated by
forward flexion

Pain not exacerbated by
deflexion

Pain not exacerbated by
hyperextension

Pain not exacerbated by
extension/rotation
Traumatic onset

Revel’s criteria

Pain with flexion

Pain with deflexion

Pain with extension

Pain with lateral rotation
Pain with sitting and
bending

Normal gait

Muscle spasm
Paravertebral tenderness
Pain increased by
cough/valsalva

Back pain with SLR
Negative neurological exam
Facet joint arthritis
Osteoporosis

> 3 inappropriate symptoms

> 3 inappropriate signs

Old age

88.9 (51.8 t0 99.7)
63.6 (30.8 t0 89.1)
78.6 (49.2 t0 95.3)
50.0 (11.8 t0 88.2)
73.3 (44.9 10 92.2)
66.7 (22.3 0 95.7)
88.2 (72.5 t0 96.7)
55.9 (37.9 t0 72.8)
29.4 (15.1 to 47.5)
8.8 (1.9 t0 23.7)
55.9 (37.9 t0 72.8)
46.2 (19.2 t0 74.9)
38.9(25.9 t0 53.1)
18.5 (9.3 to 31.4)
53.7 (39.6 to 67.4)
16.7 (7.9 t0 29.3)
21.4(13.2t0 31.7)
94 (86.7 to 98)
90.5 (82.1 t0 95.8)
15.5 (8.5 to 25)
54.5 (43.6 t0 65.2)
9.5 (4.2 0 17.9)
67.9 (56.8 to 77.6)
47.6 (36.6 t0 58.8)
12.9 (6.6 t0 22)
84.5 (75.0 to 91.5)
57.1(45.9 to 67.9)
88.0 (79 to 94.1)
67.9 (56.8 to 77.6)
48.8 (37.7 to 60)
97.6 (91.7 10 99.7)
47.6 (36.6 t0 58.8)
92.9 (85.3 to 97.4)
14.3 (7.6 t0 23.6)
49.4 (38.2 to 60.6)
90.6 (82.3 t0 95.8)
37.3(27t0 48.7)
44 (33.2 t0 55.3)
23.8(15.2t0 34.3)
53.6 (42.4 to 64.5)

25 (16.2 to 35.6)

63.6 (30.8 t0 89.1)
83.3 (35.9 t0 99.6)
66.7 (22.3 0 95.7)
91.7 (61.5 t0 99.8)
0.0 (28.4 t0 99.5)
76.9 (46.2 to 95.0)
52.4(39.4 t0 65.1)
69.8 (57.0 to 80.8)
82.5 (70.9 t0 90.9)
82.5 (70.9 t0 90.9)
39.7 (27.6 t0 52.8)
94.7 (74 10 99.9)

56.1(43.3 to 68.3)
66.7 (54 to 77.8)

47 (34.6 10 59.7)

66.7 (54 to 77.8)

85.3 (77.6 t0 91.2)
16.4 (10.2 to 24.4)
12.9 (7.4 t0 20.4)

81.9 (73.7 to 88.4)
48.4 (39.2 to0 57.6)
86.2 (78.6 t0 91.9)
30.2 (22 t0 39.4)

50 (40.6 to 59.4)

84.3 (76.4 0 90.5)
18.1 (11.6 to 26.3)
45.7 (36.4 t0 55.2)
13.7 (8.0t0 21.3)

30.2 (22.0 t0 39.4)
56.0 (46.5 t0 65.2)
103 (5.5 to 17.4)

45.7 (36.4 t0 55.2)
13.0 (7.5 t0 20.6)

86.2 (78.6 t0 91.9)
36.8 (28.0 t0 46.2)
25.2 (17.6 t0 34.2)
65.0 (55.6 to 73.5)
74.1 (65.2 to 81.8)
68.1 (58.8 to 76.4)
58.6 (49.1t0 67.7)

84.5 (76.6 to 90.5)

2.44 (1.08 to 5.52)
3.82 (0.60 to 24.14)
2.36 (0.74 to 7.55)
6.00 (0.78 to 46.14)
3.67 (0.62 to 21.73)
2.89 (0.92 to 9.06)
1.85 (1.39 to 2.47)
1.85 (1.15 to 3.00)
1.68 (0.80 to 3.56)
0.51 (0.15 to 1.69)
0.93 (0.65 to 1.33)
8.77 (1.19 to 64.53)
0.89 (0.58 to 1.36)
0.56 (0.29 to 1.07)
1.01 (0.72 to 1.42)
0.5 (0.25 t0 0.99)
1.46 (0.8 t0 2.67)
1.13 (1.02 to 1.24)
1.04 (0.94 to 1.15)
0.86 (0.45 to 1.61)
1.06 (0.82 to 1.37)
0.69 (0.31 to 1.54)
0.97 (0.80 to 1.18)
0.95 (0.71 to 1.27)
0.83 (0.41 to 1.66)
1.03 (0.91 to 1.17)
1.05 (0.82 to 1.35)
1.02 (0.92 to 1.13)
0.97 (0.80 to 1.18)
1.11(0.82 to 1.5)
1.09 (1.02 to 1.17)
0.88 (0.66 to 1.16)
1.07 (0.98 to 1.17)
1.04 (0.52 to 2.07)
0.78 (0.60 to 1.01)
1.21 (1.07 to 1.37)
1.07 (0.74 to 1.55)
1.70 (1.15 to 2.52)
0.75 (0.47 to 1.19)
1.30 (0.97 to 1.74)

1.61(0.92 to 2.83)

0.18 (0.03 to 1.17)
0.44 (0.19 to 1.03)
0.32(0.10 to 1.02)
0.55 (0.24 to 1.24)
0.33(0.13 t0 0.86)
0.43 (0.13 to 1.40)
0.23 (0.09 t0 0.58)
0.63 (0.42 t0 0.95)
0.86 (0.67 to 1.09)
1.11 (0.95 to 1.29)
1.11 (0.68 to 1.81)
0.57 (0.34 t0 0.95)
1.09 (0.81 to 1.47)
1.22 (0.9 to 1.51)
0.99 (0.67 to 1.45)
1.25 (1.02 to 1.54)
0.92 (0.81 to 1.05)
0.36 (0.14 t0 0.93)
0.74 (0.33 to 1.66)
1.03 (0.91 to 1.17)
0.94 (0.70 to 1.26)
1.05 (0.95 to 1.16)
1.07 (0.70 to 1.62)
1.05 (0.80 to 1.38)
1.03 (0.92 to 1.16)
0.86 (0.45 to 1.61)
0.94 (0.68 to 1.29)
0.88 (0.42 to 1.84)
1.07 (0.7.0to 1.62)
0.91 (0.70 to 1.19)
0.23 (0.05 to 1.00)
1.15 (0.86 to 1.52)
0.54 (0.22 to 1.34)
0.99 (0.89 to 1.11)
1.38 (1.00 to 1.89)
0.37 (0.18 t0 0.78)
0.96 (0.78 to 1.19)
0.76 (0.61 to 0.94)
1.12 (0.94 to 1.33)
0.79 (0.60 to 1.04)

0.89 (0.77 to 1.03)
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Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Manchikanti et al 2000
Mekhail et al 2021
Mekhail et al 2021
Mekhail et al 2021
Mekhail et al 2021
Mekhail et al 2021
Mekhail et al 2021
Milette et al 1990
Milette et al 1990
Milette et al 1990
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020
Nejati et al 2020

O'Neill et al 2008

Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
NI

NI

NI

NI

NI

NI

Disc

Disc

Disc

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Disc

Prior history of LBP

Post surgery

Onset occupational
Positive work status
Duration < 1 year

Body mass index (normal)
Low back, hip buttocks pain
Bilateral pain

Back pain with groin or
thigh

Pseudoradicular pain

leg pain

subjective pain >8/10
cramping pain above knees
Parasthesia

Low back stiffness
Mekhail test

Patrick test

Thigh thrust test
Mekhail/Patrick test
Mekhail/thigh thrust test
Patrick/thigh thrust test
CT- hernia

CT degeneration

CT hernia or degeneration
FABER Test

Thigh thurst test
Gaenslen test

Yeoman test

Gillet test

Forward flexion test

3 or more of 6 positive SlJ
pain provocation tests

4 or more of 6 positive SIJ
pain provocation tests

5 or more of 6 positive SIJ
pain provocation tests

Six positive tests

FABER and Thigh Thrust
FABER and Gaenslen
FABER and Yeoman

Thigh Thrust and Gaenslen
Thigh Thrust and Yeoman

Gaenslen and Yeoman

MRI - Moderate loss of
Nuclear signal

69.9 (58.8 to 79.5)
20 (12.1t0 30.1)
14 (7.4 0 23.1)
34 (21.5t0 48.3)
21.4 (13.2t0 31.7)
40 (29.5 t0 51.2)
97.6 (91.6 t0 99.7)
75.9 (65.3 to 84.6)
34.5 (24.5 t0 45.7)
51.2 (40 to 62.3)
58.8 (47.6 to 69.4)
38.1(27.7 t0 49.3)
43.2(32.2t0 54.7)
73.8 (63.1t0 82.8)
57.8 (46.5 to 68.6)
80.4 (73.3 to 86.3)
81.6 (74.7 t0 87.3)
53.2 (45.1t0 61.1)
94.3 (89.5 to 97.4)
89.9 (84.1to 94.1)
89.2 (83.3 t0 93.6)
46.5 (36.5 t0 56.7)
4.0(1.1t09.8)
50.5 (40.4 to 60.6)
71.8 (55.1 to 85.0)
74.4(57.9 to 87.0)
38.5(23.4 to 55.4)

64.1 (47.2 to 78.8)

98.7 (88.8 to 100.00)
98.7 (88.8 to 100.00)

98.7 (88.8 to 100.00)

92.3 (79.1t0 98.4)
59.0 (42.1 to 74.4)
25.6 (13.0 to 42.1)
71.7(?)
48.7(?)
43.6(?)
48.7(?)
43.6(?)
35.9(?)

89.0 (85 to 93)

24.8 (17.3 to 33.6)
63.5 (54 t0 72.3)
71.7 (62.7 t0 79.5)
61.8 (50 to 72.8)
79.3 (70.8 to 86.3)
68.7 (59.4 to 77)
0.4(0.0t03.9)

35 (26.5 to 44.4)
68.4 (59.1 to 76.8)
43 (33.7 t0 52.6)
33.9(25.3 t0 43.3)
65.5 (56.1 to 74.1)
56.3 (46.9 to 65.4)
16.4 (10.2 to 24.4)
38.5 (29.6 t0 47.9)
26.8 (14.2 t0 42.9)
43.9 (28.5 t0 60.3)
48.8 (32.9 to 64.9)
17.1(7.2t0 32.1)
14.6 (5.6 t0 29.2)
29.3 (16.1 to 45.5)
79.8 (71.5 to 86.6)
97.5 (92.8 t0 99.5)
77.3 (68.7 to 84.5)
66.7 (29.9 to 92.5)
44.4 (13.7 10 78.8)
33.3(7.5t070.1)
33.3(7.5t070.1)
5.3(0.0t0 39.7)
5.3(0.0t039.7)
5.9 (0.0 to 43.3)
22.2 (2.8 0 60.0)
55.6 (21.2 o 86.3)
88.9 (51.8 t0 99.7)
66.0 (?)

77.8(?)

66.7 (?)

66.7 (?)

55.6 (?)

55.6 (?)

67.0 (58.2 to 75.8)

0.93 (0.78 to 1.11)
0.55 (0.34 t0 0.89)
0.49 (0.27 t0 0.90)
0.89 (0.56 to 1.43)
1.04 (0.6 to 1.78)
1.28 (0.88 to 1.86)
0.98 (0.95 to 1.02)
1.17 (0.98 to 1.40)
1.09 (0.73 to 1.63)
0.90 (0.69 to 1.17)
0.89 (0.71 to 1.11)
1.11 (0.76 to 1.6)
0.99 (0.72 to 1.37)
0.88 (0.76 to 1.03)
0.94 (0.74 t0 1.19)
1.10 (0.90 to 1.34)
1.46 (1.10 to 1.93)
1.04 (0.74 to 1.45)
1.14 (0.9 to 1.31)
1.05 (0.92 to 1.21)
1.26 (1.03 to 1.55)
2.31(1.53 to 3.49)
1.57 (0.36 to 6.86)
2.23(1.52 t0 3.27)
2.15 (0.84 to 5.54)
1.34 (0.73 to 2.47)
0.58 (0.31 to 1.06)
0.96 (0.57 to 1.61)
1.04 (0.89 to 1.22)
1.04 (0.89 to 1.22)
1.05 (0.88 to 1.25)
1.19 (0.83 to 1.70)
1.33 (0.61 to 2.88)
2.31(0.34 to 15.80)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

1.22 (0.77 to 1.92)
1.26 (1.06 to 1.50)
1.2 (1.04 to 1.38)
1.07 (0.82 to 1.39)
0.99 (0.86 to 1.15)
0.87 (0.71 to 1.08)
5.66 (0.26 to 123.9)
0.69 (0.44 to 1.08)
0.96 (0.78 to 1.17)
1.14 (0.84 to 1.54)
1.21 (0.85 to 1.74)
0.95 (0.76 to 1.17)
1.01 (0.79 to 1.29)
1.60 (0.93 to 2.76)
1.10 (0.78 to 1.54)
0.73 (0.40 to 1.33)
0.42 (0.26 t0 0.67)
0.96 (0.67 to 1.37)
0.34(0.13 t0 0.84)
0.69 (0.29 to 1.66)
0.37(0.19 t0 0.71)
0.67 (0.55 t0 0.82)
0.99 (0.94 to 1.04)
0.64 (0.51 to 0.80)
0.42 (0.21 t0 0.84)
0.58 (0.23 to 1.43)
1.85 (0.71 to 4.81)
1.08 (0.39 to 2.97)
0.24 (0.01 to 11.36)
0.24 (0.01 to 11.36)
0.23 (0.01 to 10.64)
0.35 (0.07 to 1.78)
0.74 (0.37 to 1.48)
0.84 (0.62 to 1.12)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)
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O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

O'Neill et al 2008

Ohnmeiss et al 1999

Ohnmeiss et al 1999

Ohnmeiss et al 1999

Ohnmeiss et al 1999

Ohnmeiss et al 1999

Ohnmeiss et al 1999

Ohnmeiss et al 1999

Osti et al 1992

Osti et al 1992

Parker et al 1996

Revel et al 1992

Revel et al 1992

Revel et al 1992

Revel et al 1992

Revel et al 1992

Revel et al 1992

Revel et al 1992

Revel et al 1992

Revel et al 1992

Revel et al 1998

Revel et al 1998

Revel et al 1998

Revel et al 1998

Revel et al 1998

Revel et al 1998

Revel et al 1998

Revel et al 1998

Revel et al 1998

Ricketson et al 1996

Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint

Facet joint

Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint

Disc

MRI — Severe loss of Nuclear
signal

MRI — Moderate loss of disc
height

MRI — Severe loss of disc
height

MRI — High intensity zone
(Grade 1)

MRI — High intensity zone
(Grade 2)

MRI — High intensity zone
(Grade 3)

MRI - Bone marrow
intensity change (type 1)
MRI - Bone marrow
intensity change (type 2)
MRI — Disc bulge

MRI — Disc protrusion
MRI - Disc extrusion

Pain drawing indicative of
disc*
Aching pain*

Pins & needles*
Numbness*
Burning*
Stabbing*

Ransford classification
normal*

MRI- signal intensity
decreased & absent

MRI- signal intensity absent

MRI-dark disc
Relief with recumbancy
Pain not worse with cough

Pain not worse with forward
flexion

Pain not worse with raising
from forward flexion

Pain not worse with
hyperextension

Pain not worse with
extension/rotation

6 of 7 variables

5 of 7 variables
4 of 7 variables
5 of 7 characteristics

5 of 7 characteristics
including relieved by
recumbancy

Age > 65

Pain well relieved by
recumbancy

Pain not exacerbated by
coughing

Pain not exacerbated by
forward flexion

Pain not exacerbated by
rising from flexion

Pain not exacerbated by
hyperextension

Pain not exacerbated by
extension/rotation
MRI-HIZ

24.0 (17.3t030.7)
73.0 (67 to 79)
18.0 (12.2 to 23.8)
44.0 (37.5 t0 50.5)
26.0 (20.1t0 31.9)
15.0 (9.7 t0 20.3)
14.0 (9.4 to 18.6)
7.0 (3.4 t0 10.6)
74.0 (68.0 to 80.0)
35.0 (28.5 to 41.5)
7.0 (3.3 t010.7)
82.3 (74.9 t0 88.2)
78.0 (70.3 to 84.5)
32.6 (25.0 to 41.0)
49.6 (41.1t0 58.2)
47.5 (39.1 t0 56.1)
51.1 (42.5 to 59.6)
76.6 (68.7 to 83.3)
69.2 (52.4 to 83)
23.1(11.1t0 39.3)
90.9 (70.8 to 98.9)
90.9 (70.8 to 98.9)
1.8 (59.7 to 94.8)
63.6 (40.7 t0 82.8)
77.3 (54.6 t0 92.2)
54.5 (32.2 to 75.6)
68.2 (45.1t0 86.1)
45.5 (24.4 10 67.8)
63.6 (40.7 t0 82.8)
81.8 (59.7 to 94.8)
96.3 (70.3 to 100.0)

92.3 (64.0 to 99.8)

38.5 (13.9 to 68.4)
92.3 (64.0 t0 99.8)
96.3 (70.3 to 100.0)
96.3 (70.3 to 100.0)
96.3 (70.3 to 100.0)
92.3 (64 t0 99.8)
76.9 (46.2 to 95)

10.8 (3.0 to 25.4)

96.0 (79.0 to 100.0)
81.0 (69.2 t0 92.8)
98.0 (80.3 to 100.0)
89.0 (74.7 to 100.0)
95.0 (78.4 to 100.0)
98.0 (80.3 to 100.0)
98.0 (80.4 to 100.0)
99.0 (81.1 to 100.0)
84.0 (71.2 0 96.8)
91.0 (75.8 to 100.0)
98.0 (80.4 to 100.0)
60.9 (45.4 to 74.9)
21.7 (10.9 to 36.4)
82.6 (68.6 t0 92.2)
58.7 (43.2 to 73)
78.3 (63.6 t0 89.1)
45.7 (30.9 to 61)
21.7 (10.9 to 36.4)
64.0 (52.1to 74.8)
92.0 (83.4 t0 97.0)
68.8 (41.3 t0 89.0)
44.4 (21,510 69.2)
50.0 (26.0 to 74.0)
77.8 (52.4 t0 93.6)
55.6 (30.8 to 78.5)
72.2 (46.5 t0 90.3)
77.8 (52.4 t0 93.6)
97.3 (77.4 to 100)
88.9 (65.3 to 98.6)
77.8 (52.4 t0 93.6)
65.5 (45.7 t0 82.1)

79.3 (60.3 to 92.0)

79.3 (60.3 to 92.0)
24.1(10.3 to 43.5)
34.5 (17.9 to 54.3)
48.3 (29.4 t0 67.5)
58.6 (38.9 to 76.5)
62.1(42.3t079.3)
48.3 (29.4 t0 67.5)

93.0 (80.9 to 98.5)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

2.10 (1.45 to 3.04)
1.00 (0.84 to 1.19)
1.88 (0.96 to 3.68)
1.20 (0.82 to 1.76)
2.19 (1.23 to 3.89)
0.94 (0.69 to 1.28)
0.98 (0.82 to 1.17)
1.92 (1.33 t0 2.78)
2.89 (1.11 t0 7.52)
2.91 (1.39 to 6.09)
1.64 (1.06 to 2.53)
1.64 (0.99 t0 2.7)
2.86 (1.14 t0 7.19)
1.74 (0.9 to 3.06)
1.96 (0.85 to 4.53)

3.07 (1.24 t0 7.62)

16.81 (1.05 to 268.9)

5.73 (1.49 to 21.96)
3.68 (1.52 to 8.93)
2.79 (1.67 to 4.66)

4.46 (2.15 t0 9.26)

1.86 (0.69 to 5.00)
1.22 (0.94 to 1.58)
1.47 (1.11 to 1.95)
1.86 (1.29 to 2.69)
2.33 (1.49 to 3.63)
2.43 (1.49 to 3.98)
1.49 (0.94 to 2.36)

1.55 (0.37 to 6.48)

?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
?2(2)
0.29 (0.19 to 0.45)
1.01 (0.54 to 1.90)
0.82 (0.68 t0 0.97)
0.86 (0.64 to 1.15)
0.67 (0.54 to 0.84)
1.07 (0.75 to 1.53)
1.08 (0.58 to 2.01)
0.48 (0.29 t0 0.79)
0.84 (0.70 to 1.01)
0.13 (0.03 t0 0.52)
0.21 (0.05 to 0.85)
0.36 (0.13 t0 0.99)
0.47 (0.26 t0 0.86)
0.41(0.17 t0 0.98)
0.63 (0.37 to 1.08)
0.41 (0.21 t0 0.79)
0.56 (0.38 t0 0.83)
0.41(0.23 t0 0.73)
0.23 (0.09 to 0.59)
0.06 (0.00 to 0.87)

0.10 (0.02 to 0.64)

0.78 (0.49 to 1.24)
0.32(0.04 to 2.33)
0.11 (0.01 to 1.71)
0.08 (0.01 to 1.20)
0.06 (0.00 to 0.98)
0.12 (0.02 to 0.83)
0.48 (0.17 to 1.38)

0.96 (0.83 to 1.10)
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Saifuddin et al 1998
Schellhas et al 1996
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Schneider et al 2020
Simmons et al 1991
Slipman et al 1996
Smith et al 1998
Smith et al 1998
Stanford et al 2010
Stanford et al 2010
Stanford et al 2010
Stanford et al 2010
Stanford et al 2010
Stanford et al 2010

Stanford et al 2010

Disc

Disc

NI

NI

NI

NI

NI

NI

SlJ (100% block)
S1J (100% block)
Sl (100% block)
SlJ (100% block)
SlJ (100% block)
Sl (100% block)
S1J (100% block)
Sl (80% block)
Sl (80% block)
Sl (80% block)
Sl (80% block)
Sl (80% block)
Sl (80% block)
Sl (80% block)
Sl (50% block)
Sl (50% block)
Sl (50% block)
Sl (50% block)
Sl (50% block)
Sl (50% block)
Sl (50% block)
Disc

NI

Disc

Disc

NI

NI

NI

NI

NI

NI

NI

MRI- HIZ

MRI-HIZ

Thigh thrust

Gaenslen's test

FABER test

Distraction

Compression

Sacral thrust

0 test positive

>1 test positive

>2 test positive

>3 test positive

>4 test positive

>5 test positive

>6 test positive

0 test positive

>1 test positive

>2 test positive

>3 test positive

>4 test positive

>5 test positive

>6 test positive

0 test positive

>1 test positive

>2 test positive

>3 test positive

>4 test positive

>5 test positive

>6 test positive

MRI abnormal- decreased
signal or annular bulge
Radionuclide imaging (bone
scan)

MRI- HIZ vs pain
reproduction

MRI HIZ vs pain
reproduction & morphology
Patrick’s test

High thrust test
Ipsilateral Gaenslan’s test
Contralateral Gaenslen’s
test

Lateral compression test

Sacral thrust test

3 or more positive SIJ
provocative tests pre-block

26.7 (17.9 to 37)
97.8(92.1t099.7)
29.4 (10.3 to 56.0)
29.4 (10.3 to 56.0)
76.5 (50.1 t0 93.2)
35.3 (14.2t0 61.7)
35.3 (14.2 0 61.7)
76.5 (50.1 t0 93.2)
96.0 (68.3 to 100.0)
96.8 (73.6 to 100.0)
80.0 (51.9 t0 95.7)
60.0 (32.3 t0 83.7)
33.3 (11.8 t0 61.6)
20.0 (4.3 to 48.1)
3.2(0.0 to 26.4)
97.3 (77.4 to 100.0)
97.3 (77.4 to 100.0)
77.8 (52.4 t0 93.6)
55.6 (30.8 to 78.5)
33.3 (13.3 to 59)
22.2 (6.4 t0 47.6)
5.6 (0.1t0 27.3)
98.0 (83.1 to 100.0)
96.0 (79.6 t0 99.9)
68.0 (46.5 t0 85.1)
48.0 (27.8 0 68.7)
24.0 (9.4 t0 45.1)
16.0 (4.5 to 36.1)
4.0(0.1t0 20.4)
87.8 (81.9 t0 92.3)
12.9 (3.6 t0 29.8)
22.9(10.4 t0 40.1)
25.8 (11.9 to 44.6)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

81.8 (48.2 10 97.7)

95.2 (86.5 to 99)
83.3 (73.2t0 90.8)
72.2 (46.5 t0 90.3)
44.4 (21,510 69.2)
27.8(9.7t0 53.5)
83.3 (58.6 t0 96.4)
77.8 (52.4 t0 93.6)
27.8 (9.7 to 53.5)
2.4 (0t0 20.6)

5.0 (0.1to 24.9)
30.0 (11.9 to 54.3)
45.0 (23.1t0 68.5)
70.0 (45.7 to 88.1)
80.0 (56.3 to 94.3)
90.0 (68.3 to 98.8)
2.9(0.0t023.7)
5.9(0.1t0 28.7)
29.4 (10.3 to 56.0)
41.2 (18.4t0 67.1)
70.6 (44.0 t0 89.7)
82.4 (56.6 t0 96.2)
94.1 (71.3 0 99.9)
4.8(0.0t0 36.7)
4.8(0.0t0 36.7)
10.0 (0.3 to 44.5)
20.0 (2.5 to 55.6)
50.0 (18.7 to 81.3)
70.0 (34.8 t0 93.3)
90.0 (55.5 t0 99.7)
63.1(57.3 0 68.7)
97.4 (78.4 to 100)
89.7 (82.8 to 94.6)
90.1 (83.3 to 94.8)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

56.5 (34.5 to 76.8)

5.51 (1.74 to 17.5)
5.87 (3.57 to 9.64)
1.06 (0.37 to 3.02)
0.53 (0.23 to 1.23)
1.06 (0.72 to 1.56)
2.12 (0.63 to 7.15)
1.59 (0.54 to 4.67)
1.06 (0.72 to 1.56)
0.98 (0.86 to 1.12)
1.02 (0.89 to 1.17)
1.14 (0.78 to 1.68)
1.09 (0.62 to 1.93)
1.11 (0.42 to 2.96)
1.00 (0.26 to 3.82)
0.32 (0.02 to 6.66)
1.00 (0.90 to 1.12)
1.03 (0.90 to 1.19)
1.10 (0.74 to 1.63)
0.94 (0.53 to 1.68)
1.13 (0.42 to 3.03)
1.26 (0.33 to 4.82)
0.94 (0.06 to 13.93)
1.03 (0.89 to 1.19)
1.01 (0.86 to 1.18)
0.76 (0.54 to 1.06)
0.60 (0.36 to 1.00)
0.48 (0.19 to 1.22)
0.53 (0.15 to 1.97)
0.40 (0.03 t0 5.79)
2.38(2.03t0 2.8)
5.03 (0.28 to 90.08)
2.23 (0.9 to 5.02)
2.60 (1.17 to 5.81)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

1.88 (1.09 to 3.24)

0.77 (0.67 t0 0.88)
0.03 (0.01 t0 0.11)
0.98 (0.64 to 1.49)
1.59 (0.87 to 2.90)
0.85 (0.27 to 2.64)
0.78 (0.52 to 1.17)
0.83 (0.54 to 1.28)
0.85 (0.27 to 2.64)
1.64 (0.04 to 77.55)
0.65 (0.02 to 18.01)
0.67 (0.20 to 2.24)
0.89 (0.41 to 1.95)
0.95 (0.60 to 1.51)
1.00 (0.72 to 1.40)
1.08 (0.91 to 1.28)
0.95 (0.02 to 45.12)
0.46 (0.02 to 12.84)
0.76 (0.24 to 2.35)
1.08 (0.50 to 2.33)
0.94 (0.60 to 1.48)
0.94 (0.68 to 1.32)
1.00 (0.85 to 1.18)
0.41 (0.01 to 19.41)
0.84 (0.03 to 23.17)
3.20 (0.46 to 22.38)
2.60 (0.71 to 9.50)
1.52 (0.79 to 2.93)
1.20 (0.77 to 1.86)
1.07 (0.86 to 1.33)
0.19 (0.13 t0 0.29)
0.89 (0.77 to 1.04)
0.86 (0.71 to 1.04)
0.82 (0.66 to 1.02)
?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

?2(2)

0.57 (0.35 t0 0.77)
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Waldrop et al 2021
Waldrop et al 2021
Waldrop et al 2021
Waldrop et al 2021
Waldrop et al 2021
Waldrop et al 2021
Waldrop et al 2021
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Waldrop et al 2021
Waldrop et al 2021
Waldrop et al 2021
Weishaupt et al 2001
Weishaupt et al 2001
Weishaupt et al 2001
Weishaupt et al 2001
Weishaupt et al 2001

Weishaupt et al 2001

NI

Facet joint
Facet joint
NI

Disc

Disc

Disc

Disc

Disc

Disc

Disc
Disc

Disc

Disc

Disc

Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc

Disc

Normalization of >1/2 of the
positive SIJ provocative
tests

Degneration

Hypertrophy

3 or more positive SlJ pain
provocation tests

Narrow disc on L4/5
radiograph

Narrow disc on
L5/S1radiograph

Narrow disc height (pooled
from 2 levels)

Narrowed disc L4/5
radiograph vs pain
reproduction & morphology
Narrowed disc L5/S1
radiograph vs pain
reproduction & morphology
Narrowed disc (pooled L4/5
and L5/S1radiograph) vs
pain reproduction &
morphology

Vibration vs pain
reproduction*

Vibration vs pain
reproduction

Vibration Vs pain
reproduction and
morphology

MRI- annular disruption vs
pain reproduction &
morphology

Combined MRI & vibration
vs pain reproduction &
morphology

L3-4

Degeneration

Bulge

Tear

Herniation

L4-5

Degeneration

Bulge

Tear

Herniation

L5-S1

Degeneration

Bulge

Tear

Herniation

MRI -disc degeneration
MRI- HIZ

MRI- Modic changes grade 1
(all)

MRI- Modic changes grade
1(mod and severe)

MRI- Modic changes grade 2

(all)
MRI- Modic changes grade 2
(mod and severe)

88.9 (51.8 t0 99.7)

77.3 (62.2 to 88.5)
64.1(47.2 t0 78.8)
85.2 (66.3 to 95.8)
26.2 (15.8t0 39.1)
55.2 (42.6 to 67.4)
41.4(32.8 t0 50.4)

28.8 (17.1t0 43.1)

57.6 (44.1 to 70.4)

44.1 (34.7 t0 53.9)

70.9 (57.1 to 82.4)
60.5 (49.3 to 70.8)

62.8 (51.1to 73.5)

94.9 (87.4 to 98.6)

85.9 (76.2 t0 92.7)

91.9 (85.5 to 98.3)
63.5(52.3t0 74.7)
40.5 (29.1 t0 52.0)

18.9 (9.8 t0 28.1)

94.3 (91.6 to 97.0)
73.8 (68.6 to 78.9)
55.0 (49.1 to 60.8)

27.7 (22.4t0 32.9)

96.3 (94.2 t0 98.4)
75.5 (70.7 t0 80.2)
68.6 (63.5 t0 73.7)
42.9 (37.4t0 48.3)
97.9 (88.9 t0 99.9)
27.1(15.3 to 41.8)
29.2 (17 to 44.1)
22.9 (12 t0 37.3)
18.8 (8.9 t0 32.6)

14.6 (6.1 t0 27.8)

30 (6.7 to 65.2)

42.3 (31.2 to 54)
34.9 (24.8 0 46.2)
78.8 (61.1t0 91)
76.1 (61.2 to 87.4)
65.8 (48.6 to 80.4)
71.4 (60.5 to 80.8)

78.2 (65 to 88.2)

65.2 (49.8 to 78.6)

72.3 (62.5 to 80.7)

60.9 (38.5 to 80.3)
78.3 (69.9 to 85.3)

77.3 (69.1 to 84.3)

54.7 (45.7 to 63.5)

81.3 (73.4 to 87.6)

67.2 (63.2 to 71.3)
86.1(83.1t0 89.1)
94.3 (92.3 to 96.3)

98.1 (96.9 to 99.3)

44.3 (38.6 t0 50.0)
74.5 (69.5 to 79.5)
82.2 (77.9 to 86.6)

93.3 (90.4 to 96.2)

44.1(38.2 10 50.1)
75.4 (70.2 t0 80.5)
6.8 (82.7 t0 90.8)
93.8(90.9 to 96.6)
58.8 (46.2 to 70.6)
85.3 (74.6 t0 92.7)
97.1 (89.8 to 99.6)
99.3 (93.4 to 100)
98.5 (92.1 to 100)

99.3 (93.4 to 100)

1.27 (0.8 t0 2.03)

1.34 (1.05 to 1.72)
0.99 (0.74 to 1.31)
4.02 (2.04 to 7.90)
1.10 (0.56 to 2.13)
1.61 (0.9 to 2.64)
1.45 (0.98 to 2.15)

1.32 (0.69 to 2.55)

1.66 (1.05 to 2.60)

1.59 (1.09 to 2.32)

1.81 (1.06 to 3.10)
2.79 (1.91 to 4.08)

2.77 (1.93 t0 3.99)

2.09 (1.72 to 2.55)

4.58 (3.16 t0 6.64)

?2(2)
?2(2)
?2(2)

?2(2)

?(?)
?2(2)
?2(2)

?2(2)

?2(?)
?2(?)
?2(?)
?2(?)
2.38(1.79 t0 3.17)
1.84 (0.88 to 3.85)

9.92 (2.36 to 41.63)

31.39 (1.89 to 521.4)
12.75 (1.67 to 97.34)

19.97 (1.16 to 343.7)

0.30 (0.07 to 0.65)

0.54 (0.29 t0 0.98)
1.03 (0.62 to 1.71)
0.19 (0.08 to 0.47)
0.97 (0.78 to 1.21)
0.68 (0.48 t0 0.97)
0.82 (0.67 to 1.00)

0.91(0.73 to 1.14)

0.65 (0.45 to 0.94)

0.77 (0.63 to 0.95)

0.48 (0.28 to 0.81)
0.51(0.38 t0 0.67)

0.48 (0.36 to 0.65)

0.09 (0.04 to 0.25)

0.17 (0.10 to 0.30)

?2(2)
?2(2)
?2(2)

?2(2)

?(?)
?2(2)
?2(2)

?2(2)

?2(2)
?2(2)
?2(2)
?2(2)
0.04 (0.01 to 0.25)
0.86 (0.70 to 1.04)
0.73 (0.61 t0 0.88)
0.78 (0.67 t0 0.91)
0.83 (0.72 t0 0.95)

0.86 (0.76 to 0.97)
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Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Young et al 2003
Yrjama et al 1994
Yrjama et al 1994
Yrjama et al 1996
Yrjama et al 1996
Yrjama et al 1997

Yrjama et al 1997

Disc

Disc

Disc

Disc

NI

NI

NI

NI

NI

NI

NI

NI

NI

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Disc

Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Facet joint
Disc

Disc

Disc

Disc

Disc

Disc

MRI- Modic changes grades
1&2 (all)

MRI- Modic changes grades
1 &2 (mod and severe)

MRI - post annulus tear on
T2 scan

MRI - post annulus tear on
Gd-DTPA-enhanced T1 scan
Absense of midline lumbar
pain

Asymmetrical pain
Unilateral pain

Bilateral pain

No change in lumbar range
of motion

No Centralisation

No Peripheralisation

Pain with rising

3 or more positive SlJ pain
provocation test

Midline lumbar pain*
Asymmetrical pain*
Unilateral pain*

Bilateral pain*

Change in lumbar range of
motion*

Centralisation*
Peripheralisation*

Pain with rising*

Less than 3 positive SIJ pain
provocation tests*

Non midline lumbar pain
Asymmetrical pain
Unilateral pain
Non-Bilateral pain

No change in lumbar range
of motion

No centralisation

No peripheralisation

No pain with rising

Less than 3 positive SIJ tests
Vibration *

vibration

Ultrasound grade 3*
Vibration *

MRI- annular disruption >

grade 3
Vibration

47.9 (33.3 t0 62.8)
37.5 (24 t0 52.6)
94.1 (71.3 0 99.9)
71.4 (41.9 to 91.6)
38.5(20.2 t0 59.4)
26.9 (11.6 to 47.8)
73.1(52.2 to 88.4)
26.9 (11.6 to 47.8)
98.1 (83.7 to 100)
92.3 (74.9 0 99.1)
96.2 (80.4 t0 99.9)
97.9 (81.8 to 100)
76.9 (56.4 to 91)
26.7 (7.8 t0 55.1)
60 (32.3 t0 83.7)
33.3 (11.8 t0 61.6)
40 (16.3 t0 67.7)
13.3 (1.7 t0 40.5)
46.7 (21.3 t0 73.4)
26.7 (7.8 t0 55.1)
96.8 (73.6 to 100)
72.7 (39 to 94)
76.9 (46.2 to 95)
35.7 (12.8 to 64.9)
71.4 (41.9 to 91.6)
92.9 (66.1 to 99.8)
96.6 (72 to 100)
96.6 (72 to 100)
96.6 (72 to 100)
78.6 (49.2 t0 95.3)
66.7 (34.9 t0 90.1)
71.1 (54.1 to 84.6)
81 (58.1 to 94.6)
61.5 (40.6 to 79.8)
65.4 (44.3 t0 82.8)
65.2 (42.7 to 83.6)

60.9 (38.5 to 80.3)

95.6 (87.6 t0 99.1)
99.3 (93.4 to 100)
71.8 (55.1 to 85)
75 (56.6 to 88.5)
26.7 (12.3 t0 45.9)
53.3(34.3t0 71.7)
38.7 (21.8 t0 57.8)
63.3 (43.9 0 80.1)
13.3(3.8030.7)
23.3(9.9t0 42.3)
23.3(9.9t0 42.3)
26.7 (12.3 t0 45.9)
70 (50.6 to 85.3)
37.5 (8.5 t0 75.5)
66.7 (29.9 to 92.5)
55.6 (21.2 o 86.3)
55.6 (21.2 to 86.3)
94.7 (60.3 to 100)
94.7 (60.3 to 100)
94.7 (60.3 to 100)
33.3(7.5t070.1)
50 (15.7 to 84.3)
22.2 (2.8 to 60)
66.7 (29.9 to 92.5)
44.4 (13.7 10 78.8)
22.2 (2.8 to 60)
5.3(0t039.7)
11.1 (0.3 to 48.2)
11.1 (0.3 to 48.2)
77.8 (40.0 to 97.2)
22.2 (2.8 0 60.0)
63.2 (38.4 t0 83.7)
84.6 (54.6 t0 98.1)
33.3(9.9 t0 65.1)
58.3 (27.7 t0 84.8)
66.7 (22.3 t0 95.7)

66.7 (22.3 0 95.7)

10.86 (3.46 to 34.13)

51.37 (3.17 to 832.8)

3.34(2.00 to 5.58)
2.86 (1.44 to 5.67)
2.31(1.19 to 4.50)
0.58 (0.28 to 1.21)
1.19 (0.83 to 1.72)
0.73 (0.33 to 1.62)
1.13 (0.97 to 1.32)
1.20 (0.96 to 1.51)
1.25 (1.02 to 1.55)
1.34 (1.07 to 1.67)
2.56 (1.43 to 4.61)
0.43 (0.16 to 1.16)
1.80 (0.65 to 4.95)
0.75 (0.27 to 2.09)
0.90 (0.35 to 2.35)

2.53 (0.13 t0 50.4)

8.87 (0.57 to 138.90)

5.07 (0.30 to 85.46)
1.45 (0.91 to 2.32)
1.46 (0.67 to 3.18)
0.99 (0.63 to 1.57)
1.07 (0.34 to 3.42)
1.29 (0.66 to 2.52)
1.19 (0.82 to 1.74)
1.02 (0.85 to 1.22)
1.09 (0.85 to 1.40)
1.09 (0.85 to 1.40)
3.54 (1.01 to 12.37)
0.86 (0.50 to 1.46)
1.93 (1.04 to 3.60)
5.26 (1.45 to 19.14)
0.92 (0.56 to 1.53)
1.57 (0.76 to 3.24)
1.96 (0.61 to 6.31)

1.83 (0.56 t0 5.93)

0.55 (0.41 t0 0.72)
0.63 (0.51 t0 0.79)
0.08 (0.01 to 0.55)
0.38 (0.16 t0 0.89)
0.52 (0.31 t0 0.89)
1.37 (0.91 to 2.06)
0.70 (0.32 to 1.51)
1.15 (0.81 to 1.65)
0.14 (0.01 to 2.55)
0.33 (0.08 to 1.45)
0.17 (0.02 to 1.25)
0.08 (0.01 to 1.32)
0.33 (0.16 t0 0.69)
1.96 (0.76 t0 5.03)
0.60 (0.28 to 1.30)
1.20 (0.61 to 2.38)
1.08 (0.53 to 2.21)
0.92 (0.71 to 1.17)
0.56 (0.34 t0 0.93)
0.77 (0.55 to 1.09)
0.10 (0.01 to 1.72)
0.55 (0.17 to 1.79)
1.04 (0.22 t0 5.01)
0.96 (0.53 to 1.77)
0.64 (0.21 to 1.94)
0.32 (0.03 to 3.05)
0.66 (0.01 to 30.28)
0.31(0.01 to 8.34)
0.31(0.01 to 8.34)
0.28 (0.10 to 0.80)
1.50 (0.35 to 6.47)
0.46 (0.25 to 0.84)
0.23 (0.09 to 0.56)
1.15 (0.45 to 2.94)
0.59 (0.29 to 1.21)
0.52 (0.24 to 1.16)

0.59 (0.27 to 1.26)

SlJ=sacroiliac joint; MRI=magnetic resonance imaging; CT=computed tomography; SPECT=single-proton emission computed tomography; FABER=flexion abduction external
rotation test; HIZ=high intensity zone; SLR=straight leg raise
*Analysis at patient level, all other studies on the disc are based on the disc level
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Appendix S7. Pooled diagnostic values of index tests

Index test Studies/Total sample  Sensitivity (95%Cl) Specificity (95%Cl) LR+ (95%Cl) LR- (95%Cl)

Disc

Disc degeneration (Grade>3)34 116 97.9 (88.9t0 99.9) 58.8 (46.2 to 70.6) 2.38 (1.79t0 3.17) 0.04 (0.01 to 0.25)
Disc degeneration (Grade>3)4 152  86.7 (77.9t0 92.9) 79 (66.8 to 88.3) 4.13 (2.53 t0 6.75) 0.17 (0.10 to 0.29)
Disc degeneration (Grade>3)2* 38 90.9(70.8 to 98.9) 68.8 (41.3 to 89) 2.91 (1.39 to 6.09) 0.13 (0.03 to 0.52)
Disc degeneration (Grade>3)5 75 94.1(71.3t099.9) 43.1(30.2 to 56.8) 1.65(1.28 to 2.13) 0.14 (0.02 to 0.94)
Pooled result

Disc degeneration (Grade>3)45.24.34 4/381 91.0(85.7 to 94.7) 61.3 (54.2 to 68.0) 2.53 (1.57 to 4.07) 0.15 (0.09 to 0.24)
Heterogeneity (I?) 50.1% 82.7% 83.4% 0.0%

Disc degeneration (Grade>4)*34 116  54.2 (39.2 to 68.6) 83.8(72.9t0 91.6) 3.35(1.84 t0 6.10) 0.55 (0.40 to 0.76)
Disc degeneration (Grade>4)*19 97 88.2(72.5t096.7) 52.4(39.4 to 65.1) 1.85(1.39to 2.47) 0.23 (0.09 to 0.58)
Disc degeneration (Grade>4)*> 75 82.4 (56.6t0 96.2) 62.1 (48.4 to 74.5) 2.17 (1.46 to 3.23) 0.28 (0.10 to 0.81)
Pooled result

Disc degeneration (Grade>4)*5.19.34 3/288 70.7 (60.7 to 79.4) 66.7 (59.5 to 73.3) 2.20 (1.61 to 3.01) 0.37 (0.19 to 0.73)
Heterogeneity (I?) 84.7% 87.7% 44.4% 59.9%

Hiz18 113 24.5(13.81t0 38.3) 86.7 (75.4 to 94.1) 1.84 (0.83 to 4.09) 0.87 (0.75 to 0.94)
Hiz1o 119  43.7(31.9to 56) 72.9 (58.2 to 84.7) 1.61 (0.95 to 2.75) 0.73 (0.58 to 0.85)
HIz25 80 10.8(3.0to 25.4) 93.0(80.9 to 98.5) 1.55 (0.37 to 6.48) 0.96 (0.83 to 1.10)
HIz2? 167 97.8(92.1t099.7) 83.3(73.21t0 90.8) 5.87 (3.57 t0 9.64) 0.03 (0.01t0 0.11)
Hiz1o 97 55.9(37.9t072.8) 69.8 (57.0 to 80.8) 1.85 (1.15 to 3.00) 0.63 (0.42 to 0.95)
Hiz34 116  27.1(15.3t0 41.8) 85.3 (74.6 t0 92.7) 1.84 (0.88 to 3.85) 0.86 (0.70 to 1.04)
Hiz12 101  52.2(30.6to 73.2) 89.7 (80.8 to 95.5) 5.09 (2.37 t0 10.92) 0.53 (0.35 to 0.82)
Hiz26 152 26.7 (17.9t0 37) 95.2 (86.5 to 99) 5.51(1.74 to 17.5) 0.77 (0.67 to 0.88)
HIz23 460  44.4(38.0t0 50.9) 89.1 (84.3 to0 92.9) 4.08 (2.73 t0 6.11) 0.62 (0.55 to 0.71)
HIZ2 105  70.6 (56.2 to 82.5) 88.9 (77.4 to 95.8) 6.35 (2.93 to 13.78) 0.33(0.21t0 0.52)
Hiz13 155  80.8 (71.7 to 88.0) 78.6 (65.6 to 88.4) 3.77 (2.26 t0 6.28) 0.24 (0.16 to 0.37)
Hiz30 152  25.8 (11.9 to 44.6) 90.1 (83.3 to 94.8) 2.60 (1.17 to 5.81) 0.82 (0.66 to 1.02)
Pooled result

HIZ210,12,13,18,19,23,25-27,30,34 12/1817  50.1 (46.7 to 53.4) 86.2 (83.9 to 88.4) 3.10 (2.27 to 4.25) 0.61 (0.48 t0 0.77)
Heterogeneity (I?) 95.4% 65.6% 63.6% 92.2%

Annular fissure?2 99  95.2(76.2t099.9) 55.1 (43.4 to 66.4) 2.12 (1.63 to0 2.76) 0.09 (0.01 to 0.59)
Annular fissure3s 56  94.1(71.3t099.9) 71.8 (55.1 to 85) 3.34(1.99 to 5.58) 0.08 (0.01 to 0.55)
Annular fissure3? 206 94.9 (87.4 to 98.6) 54.7 (45.7 to 63.5) 2.09 (1.72 to 2.55) 0.09 (0.04 to 0.25)
Annular fissure?3 460 44.4(38.0t0 50.9) 89.1 (84.3 to0 92.9) 4.08 (2.73 t0 6.11) 0.62 (0.55 to 0.71)
Annular fissure3 99  64.0(49.2t0 77.1) 85.7 (72.8 to 94.1) 4.48 (2.19 10 9.17) 0.42 (0.29 to 0.62)
Pooled result

Annular fissure3.12.23,3335 5/920 61.2(56.3 to 66.0) 73.8 (69.8 to 77.5) 2.88 (2.02 to 4.10) 0.24 (0.10 to 0.55)
Heterogeneity (I?) 96.0% 94.3% 79.5% 90.3%

Modic type 123 440 6.8 (3.9t011.0) 99.1 (96.7 to 99.9) 7.43 (1.72 to 32.10) 0.94 (0.91 to 0.98)
Modic type 14 134 6.8(2.2t015.1) 99.2 (92.5 to 100.0) 8.18 (0.46 to 146.70) 0.94 (0.88 to 1.00)
Modic type 134 116 29.2 (17 to 44.1) 97.1 (89.8 to 99.6) 9.92 (2.36 to 41.63) 0.73 (0.61 to 0.88)
Modic type 118 113 32.1(19.9 to 46.3) 98.3 (91.1 to 100) 19.24 (2.65 to 139.76) 0.98 (0.91 to 1.00)
Pooled result

Modic type 14182334 4/803 12.9 (9.7 to 16.6) 98.7 (97.0 to 99.5) 10.0 (4.20 to 23.82) 0.84 (0.74 to 0.96)
Heterogeneity (I?) 91.0% 0.0% 0.0% 89.2%

Modic type 223 443 6.8 (3.9t011.0) 99.1 (96.7 to 99.9) 7.43 (1.72 to 32.10) 0.94 (0.91 to 0.98)
Modic type 24 147 6.8 (2.2t015.1) 99.2 (92.5 to 100.0) 8.18 (0.46 to 146.70) 0.94 (0.88 to 1.00)
Modic type 234 116 29.2 (17 to 44.1) 97.1 (89.8 to 99.6) 9.92 (2.36 to 41.63) 0.73 (0.61 to 0.88)
Pooled result

Modic type 242334 3/706  12.0 (8.9 to 15.9) 98.6 (96.7 to 99.5) 8.03 (3.23 to 19.97) 0.88 (0.80 to 0.96)
Heterogeneity (I?) 77.3% 0.0% 0.0% 65.8%
tCentralisation phenomenon’ 63 63.9(46.2t079.2) 70.4 (49.8 to 86.2) 2.16 (1.15 to 4.05) 0.51 (0.31 to 0.85)
tCentralisation phenomenon3® 24  46.7 (21.3t0 73.4) 94.7 (60.3 to 100.0) 8.87 (0.57 to 138.9) 0.56 (0.34 to 0.93)
tCentralisation phenomenon?® 69 40.4 (27.0to 54.9) 94.1 (71.3 t0 99.9) 6.87 (1.00 to 47.29) 0.63 (0.49 to 0.82)
tCentralisation phenomenon14 62 22.2(11.2to037.1) 97.1(76.3 to 100) 7.78 (0.48 to0 126.1) 0.80 (0.67 to 0.95)
Pooled result

tCentralisation phenomenon”.14,16,36 4/218 41.2 (33.2to0 49.6) 85.9 (75.6 to 93.0) 3.06 (1.44 to 6.50) 0.66 (0.52 to 0.84)
Heterogeneity (I?) 79.9% 66.1% 10.8% 57.9%

Sl

Radionuclide imaging (bone scan)2° 32 46.2(19.2to0 74.9) 94.7 (74 t0 99.9) 8.77 (1.19 to 64.53) 0.57 (0.34 to 0.95)
Radionuclide imaging (bone scan)2? 50 12.9(3.6t029.8) 97.4 (78.4 to 100) 5.03 (0.28 to 90.08) 0.89 (0.77 to 1.04)
Pooled result

Radionuclide imaging (bone scan)20.29 2/82 22.7(11.5t037.8) 96.1 (84.4 to 99.7) 7.33 (1.42 to 37.8) 0.74 (0.41 to 1.34)
Heterogeneity (I?) 81.4% 0.0% 0.0% 80.2%
tGaenslen's testls 45 38.9(17.3to 64.3) 74.1 (53.7 to 88.9) 1.5 (0.63 to 3.55) 0.83 (0.54 to 1.27)
tGaenslen's test8 85  66.7(51.0 to 80.0) 35 (20.6 to 51.7) 1.03 (0.75 to 1.40) 0.95 (0.53 to 1.72)
tGaenslen's test2 48  38.5(23.41055.4) 33.3 (7.5 to 70.1) 0.58 (0.31 to 1.06) 1.85 (0.71 to 4.81)
tGaenslen's test?8 35  29.4(10.3 t0 56.0) 44.4 (21.5 t0 69.2) 0.53 (0.23 to 1.23) 1.59 (0.87 to 2.90)
Pooled result

tGaenslen's test815.22.28 4/213 47.9 (38.7 to 57.2) 47.9 (37.5 to 58.4) 0.85 (0.56 to 1.28) 1.12 (0.77 to 1.62)
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Heterogeneity (I?)

tSacral thrust test8

tSacral thrust test!>

tSacral thrust test28

Pooled result

+Sacral thrust test815.28
Heterogeneity (I?)

tThigh thrust test8

tThigh thrust test!>

tThigh thrust test2?

tThigh thrust test2!

tThigh thrust test2®

Pooled result

+Thigh thrust test815.21,22,28
Heterogeneity (I?)
tCompression test1s
tCompression test28
Pooled result
+tCompression test15:28
Heterogeneity (I?)
tPatrick’s test (FABER test)8
tPatrick’s test (FABER test)2!
tPatrick’s test (FABER test)28
Pooled result

tPatrick’s test (FABER test)821.28

Heterogeneity (I?)
tDistraction test!®
tDistraction test?®

Pooled result

TDistraction test15:28
Heterogeneity (I?)

tGillet’s test®

tGillet’s test22

Pooled result

tGillet’s test822
Heterogeneity (I?)
tAbsence of midline LBP®
tAbsence of midline LBP3¢
Pooled result

tAbsence of midline LBP63¢
Heterogeneity (I?)

13 or more positive SIJ pain
provocation tests3¢

t3 or more positive SIJ pain
provocation tests!s

13 or more positive SIJ pain
provocation tests'’

13 or more positive SIJ pain
provocation tests3?

13 or more positive SIJ pain
provocation tests3!

13 or more positive SIJ pain
provocation tests28

Pooled result

13 or more positive SIJ pain
provocation tests!5:17,28,31,32,36
Heterogeneity (I?)

Facet joint

Uptake on SPECT?

Uptake on SPECT®

Uptake on SPECT1!

Pooled result

Uptake on SPECT
Heterogeneity (I?)

85
48
35

3/168
85
48
48

199
35
5/415

48
35

2/83
85
199
35

2/319

47
35

2/82

85
49

2/134

170
56

2/226
56
48
43
60
34

35

6/276

51
29
41

3/121

72.3%

51.1 (35.8 to 66.3)
55.0 (31.5 to 76.9)
76.5 (50.1 to 93.2)

57.3 (45.9 to 68.2)
42.5%

42.2 (27.7t0 57.8)
70 (45.7 to 88.1)
74.4 (57.9 to 87.0)
53.2 (45.1t0 61.1)
29.4 (10.3 to 56.0)

54.1 (48.1 to 60.1)
74.6%

60 (36.1 to 80.9)
35.3 (14.2t0 61.7)

48.6 (31.9 to 65.6)
56.0%

57.8 (42.2t0 72.3)
81.6 (74.7 to 87.3)
76.5 (50.1 to 93.2)

76.4 (70.2 to 81.8)
80.3%

47.4 (24.4t0 71.1)
35.3 (14.2t0 61.7)

41.7 (25.5 to 59.2)
0.0%

40.0 (25.7 to 55.7)
98.7 (88.8 to 100.0)

67.5 (56.4 to 77.3)
97.5%

12.9 (3.6 to 29.8)
38.5(20.2 to 59.4)

24.6 (14.1 to 37.8)
80.2%
76.9 (56.4 to 91.0)

75.0 (50.9 to 91.3)
90.9 (58.7 to 99.8)
85.2 (66.3 t0 95.8)
81.8 (48.2t0 97.7)

77.8 (52.4 to 93.6)

80.5 (72.0 to 87.4)

0.0%

71.4 (55.4 to 84.3)
57.1(18.4 t0 90.1)
93.3 (52.4 to 100.0)

72.6 (59.1 to 83.6)
31.1%

73.3%

40.0 (24.9 t0 56.7)
75.0 (55.1 to 89.3)
27.8 (9.7 t0 53.5)

48.8 (37.9 to 59.9)
84.1%

45 (29.3 to 61.5)
64.3 (44.1to 81.4)
44.4 (13.7 to 78.8)
48.8 (32.9 to 64.9)
72.2 (46.5 to 90.3)

53.7 (44.9 to 62.3)
31.0%

67.9 (47.6 to 84.1)
77.8 (52.4 to 93.6)

71.7 (56.5 to 84.0)
0.0%

22.5(10.8 to 38.5)
43.9 (28.5 to 60.3)
27.8 (9.7 t0 53.5)

32.3 (23.3 to 42.5)
55.0%

78.6 (59 to 91.7)
83.3 (58.6 to 96.4)

80.4 (66.1 to 90.6)
0.0%

55.0 (38.5 to 70.7)
5.3 (0.00 t0 39.7)

45.5 (31.2 to 60.2)
89.2%

36.0 (28.0 to 44.5)
26.7 (12.3 to 45.9)

34.3 (27.2 to 42.0)
0.0%
70.0 (50.6 to 85.3)

70.0 (55.1 to 89.3)
78.1 (60.0 to 90.7)
78.8 (61.1 to 91)

56.5 (34.5 to 76.8)

29.4 (10.3 to 56.0)

68.1 (60.4 to 75.2)

69.1%

66.7 (29.9 to 92.5)
77.3 (54.6 t0 92.2)
70.6 (52.5 to 84.9)

72.3 (59.8 to 82.7)
0.0%

46.5%

0.85 (0.58 to 1.25)
2.20 (1.04 to 4.68)
1.06 (0.72 to 1.56)

1.13 (0.73 to 1.75)
59.7%

0.77 (0.49 to 1.19)
1.96 (1.1 to 3.48)
1.34(0.73 t0 2.47)
1.04 (0.74 to 1.45)
1.06 (0.37 to0 3.02)

1.13 (0.83 to 1.55)
42.5%

1.87 (0.98 t0 3.56)
1.59 (0.54 to 4.67)

1.79 (1.03 to 3.11)
0.0%

0.75 (0.55 to 1.01)
1.46 (1.10 to 1.93)
1.06 (0.72 to 1.56)

1.05 (0.69 to 1.60)
80.7%

2.21(0.94 to 5.19)
2.12 (0.63 to 7.15)

2.18 (1.08 to 4.38)
0.0%

0.89 (0.54 to 1.46)
1.04 (0.89 to 1.22)

1.01 (0.80 to 1.28)
23.8%

2.42 (1.87 to 3.14)
2.31 (1.19 to 4.50)

2.41 (1.89 to 3.07)
0.0%
2.56 (1.43 to 4.61)

3.00 (1.51 to 5.98)
4.16 (2.10 to 8.21)
4.02 (2.04 t0 7.90)
1.88 (1.09 to 3.24)

1.10 (0.74 to 1.63)

2.44 (1.50 to 3.98)

76.6%

2.14 (0.83 to 5.51)
2.51 (0.92 to 6.85)
3.17 (1.82 t0 5.53)

2.80 (1.82 to 4.31)
0.0%

34.3%

1.22 (0.75 to 1.98)
0.60 (0.35 to 1.02)
0.85 (0.27 to 2.64)

0.87 (0.52 to 1.44)
47.7%

1.28 (0.84 to 1.96)
0.47 (0.23 to 0.96)
0.58 (0.23 to 1.43)
0.96 (0.67 to 1.37)
0.98 (0.64 to 1.49)

0.91 (0.67 to 1.22)
42.1%

0.59 (0.33 to 1.07)
0.83 (0.54 to 1.28)

0.74 (0.52 to 1.05)
0.0%

1.88 (0.96 to 3.66)
0.42 (0.26 to 0.67)
0.85 (0.27 to 2.64)

0.86 (0.30 to 2.48)
84.9%

0.67 (0.42 to 1.07)
0.78 (0.52 to 1.17)

0.73 (0.54 to 0.99)
0.0%

1.09 (0.76 to 1.58)
0.24 (0.50 to 11.36)

1.08 (0.75 to 1.55)
0.0%

0.20 (0.08 to 0.51)
0.52 (0.31 to 0.89)

0.35 (0.12 to 1.01)
75.6%
0.33 (0.16 to 0.69)

0.33 (0.15 t0 0.73)
0.12 (0.02 t0 0.76)
0.19 (0.08 to 0.47)
0.57 (0.35 t0 0.77)

0.76 (0.24 to 2.35)

0.31 (0.21 to 0.47)

0.0%

0.43 (0.22 to 0.83)
0.56 (0.23 to 1.34)
0.94 (0.01 to 1.39)

0.44 (0.25 to 0.77)
7.0%

TAll index tests are based on MRI unless indicated

*MRI finding index compared to disc degeneration (Grade < 3), SlJ=Sacroiliac joint, LR=likelihood ratio, SPECT= SPECT=single photon emission computed tomography
All MRI findings (index tests) are compared to the absence of the respected MRI finding unless indicated
No index tests based on imaging were able to be pooled for Facet joint
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Appendix S8. Diagnostic values of sensitivity analysis

Index tests Studies/Total sample

Sensitivity (95% Cl)

Specificity (95% Cl)

LR+ (95%Cl)

LR- (95%CI)

Pooling all studies regardless of reference standard quality (i.e., stricter reference standard)

H|Z210,12,13,18,19,23,25-27,30,34

Pooled result 12/1817 50.1 (46.7 to 53.4)
3 or more positive SlJ pain provocation

tests1517,31,32,36

Pooled result 5/241 81.1(71.7to 88.4)
Pooling based on stricter reference standard quality

HIZ%10.23.2527 (Controlled disc)

Pooled result 5/886 54.2(49.7 to 58.7)
3 or more positive SlJ pain provocation

tests'”32 (Double injection)

Pooled result 2/103 86.8 (71.9t0 95.6)
Pooling all studies regardless of risk of bias score

H1Z2:10,12,13,18,19,23,25-27,30,34

Pooled result 12/1817 50.1 (46.7 to 53.4)
Heterogeneity (I?) 95.4%

3 or more positive SlJ pain provocation

tests1s17,31,32,36

Pooled result 5/241 81.1(71.7to 88.4)

Heterogeneity (I?) 0.0%
Pooling based on high risk of bias removed for domain ‘patient selection’

H |ZZ,10, 12,18,23,25,27

Pooled result 7/1145 51.3 (47.2 to 55.5)

Heterogeneity (I?) 96.2%
Pooling based on high risk of bias removed for domain ‘index test’
H1Z210,12,13,18,19,23,25,26,30,34

Pooled result 11/1650 44.6 (41.1to 48.2)
91.9%
Pooling based on high risk of bias removed for domain ‘reference standard’

H |219,25-27,30,34

Heterogeneity (PP)

Pooled result 6/764 47.1(41.6t052.7)
97.0%
Pooling based on high risk of bias removed for domain ‘flow and timing’

HIZ2:12.18,19,23,26,30,34

Heterogeneity (PP)

Pooled result 8/1296  40.6 (36.5 to 44.8)
84.5%

Pooling based on high risk of bias removed for domain ‘patient selection’

Heterogeneity (PP)

3 or more positive SlJ pain provocation
tests2831,36

Pooled result 3/125 78.2 (65.0to 88.2)
Heterogeneity (I?) 0%

Pooling based on high risk of bias removed for domain ‘index test’

3 or more positive SlJ pain provocation
tests!517,31,32,36

Pooled result 5/241 81.1(71.7 to 88.4)
0.00%

Pooling based on high risk of bias removed for domain ‘reference standard’

Heterogeneity (PP)

3 or more positive SlJ pain provocation
test517,31,32

Pooled result 3/137 85.7(72.8t094.1)
Heterogeneity (I?) 0.0%

Pooling based on high risk of bias removed for domain ‘flow and timing’
3 or more positive SlJ pain provocation
tests152831,32

Pooled result 4/177  80.3 (69.5 to 88.5)

Heterogeneity (I?) 0.0%

86.2 (83.9 to 88.4)

72.6 (64.6 t0 79.7)

86.7 (83.2 t0 89.7)

78.5 (66.5 to 87.7)

86.2 (83.9 to 88.4)
65.6%

72.6 (64.6 t0 79.7)
69.1%

87.1(84.1t0 89.7)
44.8%

86.5 (84.1 to 88.7)
68.2%

86.2 (82.6 to 89.3)
76.0%

87.6 (85.0 to 89.9)
65.0%

55.7 (43.3 t0 67.6)
72.90%

72.6 (64.6 to 79.7)
2.30%

72.7 (62.2 to 81.7)
48.8%

64.4 (54.2 to 73.6)
78.4%

3.10 (2.27 to 4.25)

2.87 (2.11t0 3.88)

3.54 (2.03 to 6.20)

4.09 (2.53 to 6.60)

3.10 (2.27 to 4.25)
63.6%

2.87 (2.11t0 3.88)
76.6%

3.43 (2.19 t0 5.37)
69.8%

2.88(2.11t0 3.93)
56.9%

2.83 (1.65 to 4.84)
67.9%

3.12 (2.15 to 4.52)
57.5%

1.69 (0.98 to 2.90)
71.10%

2.87 (2.11t0 3.88)
14.60%

3.06 (1.75 to 5.33)
57.2%

2.15(1.12 to 4.12)
81.4%

0.61 (0.48 to 0.77)

0.28 (0.18 to 0.43)

0.48 (0.28 to 0.81)

0.17 (0.08 to 0.39)

0.61 (0.48 to 0.77)
92.2%

0.28 (0.18 to 0.43)
0.0%

0.56 (0.38 to 0.81)
94.5%

0.66 (0.55 to 0.80)
88.4%

0.68 (0.47 to 0.97)
93.7%

0.69 (0.59 to 0.82)
78.9%

0.40 (0.23 to 0.70)
0.00%

0.28 (0.18 to 0.43)
0.00%

0.21(0.10 to 0.41)
0.0%

0.33(0.19 t0 0.57)
15.2%

HIZ=high intensity zone; SlJ=sacroiliac joint; LR=likelihood ratio

MRI findings (index tests) are compared to the absence of the respected MRI finding unless indicated
Reference standard for disc = controlled pain free disc; reference standard for SIJ = double block; N/A = not applicable as all studies were of low risk of bias in

that domain
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ABSTRACT

Questions: Do magnetic resonance imaging (MRI) findings predict future low back pain (LBP), associated
disability and global recovery in people with current LBP? Do MRI findings predict these outcomes in people
with no current LBP? Do MRI findings predict these outcomes in a mixed sample of people with and without
current LBP? Design: This review is an update of a previous systematic review investigating the relationship
between lumbar spine MRI findings and future LBP. Participants: People with or without LBP with lumbar
MRI scans. Outcome measures: MRI findings, pain and disability. Results: Of the included studies, 28 re-
ported on participants with current LBP, eight reported on participants with no LBP and four reported on a
mixed sample. Most results were based on single studies and did not demonstrate clear relationships be-
tween MRI findings and future LBP. In populations with current LBP, pooling demonstrated that the presence
of Modic type 1 changes alone or Modic type 1 and 2 changes were associated with slightly worse pain or
disability outcomes in the short term, and the presence of disc degeneration was associated with worse pain
and disability outcomes in the long term. In populations with current LBP, pooling demonstrated no evidence
of an association between the presence of nerve root compression and disability outcomes in the short term,
and no evidence of an association between the presence of disc height reduction, disc herniation, spinal
stenosis, high-intensity zone and clinical outcomes in the long term. In populations with no LBP, pooling
demonstrated that the presence of disc degeneration may increase the likelihood of experiencing pain in the
long term. In mixed populations, no pooling was possible; however, single studies demonstrated that Modic
type 1, 2 or 3 changes and disc herniation were each associated with worse pain in the long term.
Conclusions: The results suggest that some MRI findings may have weak associations with future LBP;
however, larger high-quality studies are needed to resolve uncertainty. Systematic review registration:
PROSPERO CRD42021252919. [Han CS, Maher CG, Steffens D, Diwan A, Magnussen J, Hancock EC,
Hancock M]J (2023) Some magnetic resonance imaging findings may predict future low back pain and
disability: a systematic review. Journal of Physiotherapy m:m-m]
© 2023 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

imaging (MRI) findings and their relevance to LBP could potentially

be used to define subgroups that follow a different natural course and

Low back pain (LBP) continues to be the leading cause of years
lived with disability, according to The Global Burden of Disease
Study.! After excluding specific causes of LBP (eg, radiculopathy) and
serious pathologies (eg, lumbar spine fracture), the majority (90 to
95%) of people experiencing LBP are classified as having non-specific
LBP.? This label acknowledges the inability to identify the specific
cause of most LBP.? One view is that if the nociceptive source of pain
could be identified, more specific and logical treatments could be
developed and provided. A potential group of features that could be
used with this approach are structural changes observed on lumbar
spine imaging. A better understanding of magnetic resonance

https://doi.org/10.1016/j.jphys.2023.02.007

to moderate the effects of specific treatments.

The importance of various MRI findings and their link to the
aetiology of LBP has been challenged, as structural changes on im-
aging can be present in both symptomatic and asymptomatic people.’
For example, one review (14 cross-sectional studies, n = 3,097) found
that disc degeneration on imaging was present in 57% of symptomatic
people, but also present in 34% of asymptomatic people.* However, it
is important to note that the prevalence of disc degeneration was
higher in people with a history of LBP (compared with those with no
history of LBP), as was the prevalence of disc bulge, disc extrusion,
disc protrusion, Modic type 1 changes and spondylolysis.* Further

1836-9553/© 2023 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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complicating interpretation of MRI findings is that the prevalence of
most imaging findings increases substantially with age.*

A limitation of most previous research studies investigating the
relationship between structural changes on MRI and LBP is that
they use cross-sectional®® designs, which only provide weak evi-
dence of a causal relationship.® Most imaging studies have also
been limited by small samples, and inconsistent measures of MRI
findings and LBP status. Acknowledging the limitations of cross-
sectional designs, other research studies have used longitudinal
designs to investigate the relationship between MRI findings and
future LBP.

Our previous systematic review investigating the relationship
between MRI findings and future LBP found that definitive conclu-
sions were not possible due to limitations such as a paucity of high-
quality studies and significant heterogeneity between studies.®
However, single studies in our previous review did report signifi-
cant associations between Modic type 1 changes and future pain and
between disc degeneration and future disability, in samples with
current LBP.° Very few studies in our previous review investigated
whether MRI findings predicted LBP in populations that were pain
free at baseline.® Given that our review is now 8 years old, an update
of the review with recently published longitudinal studies was
performed.

Therefore, the specific research questions for this systematic re-
view were:

1. Do MRI findings predict future LBP, associated disability and global
recovery in people with current LBP?

2. Do MRI findings predict these outcomes in people with no current
LBP?

3. Do MRI findings predict these outcomes in a mixed sample of
people with and without current LBP?

Methods

A review protocol was specified in advance and registered on
PROSPERO (CRD42021252919).

Search strategy

MEDLINE, CINAHL and EMBASE were searched for the period
January 2012 to 24 November 2021 with the search strategy used in
our earlier review.® The complete search strategies from all databases
are presented in Appendix 1 on the eAddenda. The reference lists of
identified papers were examined and forward citation searching was
also performed.

Inclusion criteria

Studies were required to meet all the following criteria to be
included:

Longitudinal cohort study: This included secondary analyses of
randomised controlled trials. Trials where the intervention provided
was designed to alter lumbar spine MRI findings (eg, surgery or
antibiotic treatment for Modic changes) were excluded, unless the
data from the other treatment groups could be extracted separately.
We reviewed all studies excluded by the previous study authors at
the full-text stage from the review by Steffens et al® to include any
studies previously excluded for being retrospective studies.

MRI undertaken: Participants must have undergone a baseline MRI
and had at least one lumbar spine finding reported; for example, but
not limited to, disc degeneration, disc herniation, disc protrusion,
facet joint arthropathy, Modic changes or high-intensity zone.

Outcome measure relevant to LBP reported: Studies must have
reported a clinically relevant outcome measure at follow-up, such as
pain, disability and a global measure of recovery status. A follow-up
time point of > 4 weeks was accepted for both symptomatic and
asymptomatic population groups.

Given that the review by Steffens et al® used a follow-up time
point of > 3 months, all studies excluded at the full-text stage were
searched to include any studies previously excluded for having a
follow-up time point < 3 months. It is unlikely that the review by
Steffens et al® would have excluded studies during the title and ab-
stract screening stage when assessing study eligibility based on
minimum follow-up time points.

When studies reported multiple measures from the domain of
pain outcomes, the Numeric Pain Rating Scale or Visual Analogue
Scale was preferentially used.” For disability, any version of the
Oswestry Disability Index was preferentially used if available. If the
Oswestry Disability Index was not reported, data were extracted
from the Roland Morris Disability Questionnaire.” If neither were
used, whichever disability outcome measure was reported was
extracted. For global measure of recovery status, whichever outcome
measure was reported was extracted. Outcome data were re-scaled
to a common O-to-100 scale to facilitate between-study
comparisons.

Association reported: The association between MRI findings and
LBP outcomes must have been reported. If associations were not re-
ported, sufficient raw data to calculate a measure of association must
have been reported. Reporting just a p-value was insufficient to meet
this criterion.

Exclusion criteria

Studies including participants with serious or specific pathol-
ogies such as tumours, fractures, inflammatory arthritis and cauda
equina were excluded. One reviewer (CSH) screened all titles to
exclude irrelevant studies. Two reviewers (CSH and ECH) inde-
pendently screened abstracts to exclude irrelevant studies. Two
reviewers (CSH and ECH) then independently reviewed full texts
for eligibility based on the inclusion criteria. Any discrepancies
were resolved through discussion and a third reviewer (CGM or
MJH). Relevant authors were contacted via email if any additional
information was required.

Data extraction

All relevant data were extracted independently by two reviewers.
The data were categorised into two groups based upon whether study
participants had pain at baseline. In the mixed sample, if a clear
majority (> 95%) of participants had either pain or no pain at base-
line, the data were categorised based on the pain status of the ma-
jority. Data extracted from the included studies were number of
participants, participant age, presence of pain at baseline, follow-up
duration, MRI findings, outcome measures, and strength of associa-
tions between MRI findings and outcome measures. When sufficient
raw data were available, odds ratios and 95% confidence intervals
were calculated.

Methodological quality appraisal

We originally intended to assess the methodological quality of
each study using the QUality In Prognostic Studies tool; however,
the Altman® checklist was used as it was simpler to use and also
used in our previous review. The methodological quality of each
study was assessed using the standardised checklist of pre-defined
criteria'® used in the review by Steffens et al.° This checklist is a
modified version based on theoretical considerations and method-
ological aspects described by Altman et al.® These criteria are pre-
sented in Box 1.

Two reviewers independently assessed each included study. Each
criterion was scored positive ‘yes’ or negative ‘no’. A positive score
indicated sufficient information and a positive assessment. Any dis-
agreements in scores were resolved through discussion or a third
reviewer (CGM or MJH). No overall methodological quality score was
used as an inclusion criterion.
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Box 1. Criteria used for appraisal of methodological quality.

definition of study sample (description of participant
source and inclusion and exclusion criteria)
representative sample of the target sample (participants
selected by random selection or as consecutive cases)
follow-up rate > 80% (outcome data were available for
> 80% of participants at 3-month follow-up or later)
adequate follow-up time (> one prognostic outcome was
followed up at 3 months or later)

interpretable prognostic outcomes available (raw data,
percentages, survival rates or continuous outcome
reported)

blinding (assessor unaware of > one prognostic factor used
to predict prognostic outcome, at the time prognostic
outcome was measured)

Data analysis

Following data extraction, study level associations were collated.
Data were pooled using meta-analysis with a random effects model
when possible. Commercial software® was used for meta-analysis.
Due to the heterogeneity between studies (ie, MRI findings, clinical
outcome measures, statistical measure used to assess association of
MRI finding), some results were also presented descriptively. Study
results were reported and analysed separately based on the presence
or absence of pain at baseline.

All positive scores for continuous measures (eg, mean difference)
indicated that the exposure group had a worse outcome at follow-up
compared with the comparison group. Odds ratios or hazard ratios >
1 indicated greater likelihood of poorer outcome in the exposure
group compared with the comparison group. Short-term outcomes
were defined as a follow-up time point < 12 months, and the closest
time point to 3 months was taken. Long-term outcomes were defined
as a follow-up time point > 12 months, and the closest time point to
12 months was taken.

Associations were defined as: ‘no evidence of an association’ if
the effect sizes were small (MD < 10 points on a 100-point scale,
OR/HR < 1.5) and confidence intervals spanned no association (or
where confidence intervals were not reported, the result was not
statistically significant). If the effect sizes were small but the con-
fidence intervals did not span no association (or the result was
statistically significant), this was defined as a ‘weak association’
and the term ‘slightly’ was used to imply a small effect. If the effect
size was moderate to large (MD >10 points on a 100-point scale,
OR/HR > 1.5) and confidence intervals did not span no association
(or the result was statistically significant), this was defined as
having an ‘association’. If the effect size was moderate to large but
confidence intervals spanned no association (or the result was not
statistically significant), the term ‘may’ was used to imply a
potential association.

Results

Selection of studies

After removing duplicates (n = 976) the search identified 9,949
citations. Of these, 6,919 were deemed clearly irrelevant based on
screening by title and a further 2,882 studies were excluded based
on title and abstract. Two studies'"'? originally excluded in the
Steffens et al review® were included for full-text screening as they
potentially met the criteria. Following full-text review by two in-
dependent authors, 27 new studies'>—° and the 12 studies from the
previous review”'%=>° were included for analysis (Figure 1). One
study presented data separately for populations with current LBP
and populations with no LBP;?° therefore, this study was separated
into two strata for analysis: Kasch 2022a and Kasch 2022b.?> A total
of 39 studies were included for analysis. Excluded studies and the

Articles identified through searches (n = 10,925)
o EMBASE (n = 8,112)
o MEDLINE (n = 2,404)
o CINAHL (n = 409)

4>| Removal of duplicates (n = 976)

A4
Articles screened by title (n = 9,949)

»| Articles excluded (n = 6,919)

Articles screened by title and abstract (n = 3,030)

\ 4

Articles excluded (n = 2,882)

A 4
Full-text articles reviewed for eligibility (n = 148)

Articles excluded (n = 123)
e no LBP outcome (n = 28)
e not prospective (n = 22)
® no association (n = 21)
e abstract only (n = 21)
¢ no MRI at baseline (n = 13)
e no comparison MRI (n = 13)
e MRI not used (n = 4)
e protocol only (n = 1)

\ 4

\ 4
Eligible articles identified with searches (n = 25)

Articles included in the review by
Steffens et al 2013° (n = 12)

Articles originally excluded from
Steffens et al 2013% (n = 2)

v
Eligible articles included in review (n = 39)

Figure 1. Flow of studies through the review.
LBP = low back pain, MRI = magnetic resonance imaging.

primary reasons for exclusion are presented in Appendix 2 on the
eAddenda.

Management of missing information

51-55 56

Five authors of conference abstracts or protocols
contacted for full-text articles, and two full texts were receive
Six authors'#!721264758 were contacted regarding missing data and/
or discrepancies; three'*'"?! were able to provide additional data.

were
d 52,57

Methodological quality

The results of the methodological quality assessment for all 39
studies are presented in Table 1. Thirty-six studies provided an
adequate description of the study sample. Nineteen studies reported
selecting participants by random selection or as consecutive cases.
Twenty-six studies reported > 80% follow-up. All studies reported
adequate follow-up time. All studies reported a prognostic outcome
at > 3 months. Twenty-nine studies reported assessor blinding.
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Table 1
Methodological quality assessment of included studies.
Author, year Definition of Representative Follow-up Adequate Interpretable prognostic Blinding"
study sample® sample® rate > 80%° follow-up time¢ outcomes available®
Boos, 2000%° Yes No Yes Yes Yes Yes
Borenstein, 200" Yes No No Yes Yes Yes
Elfering, 2002%* No No Yes Yes Yes No
Carragee, 2005% Yes Yes Yes Yes Yes Yes
Jarvik, 2005%° Yes Yes Yes Yes Yes No
Modic, 2005°° Yes No Yes Yes Yes Yes
Carragee, 2006"' Yes Yes Yes Yes Yes Yes
Kleinstuck, 2006%® Yes No Yes Yes Yes Yes
McNee, 201149 Yes Yes No Yes Yes Yes
Hellum, 2012%* Yes No Yes Yes Yes Yes
Jensen, 2012° Yes No Yes Yes Yes Yes
Keller, 2012% Yes No No Yes Yes Yes
Wilkens, 20139 Yes Yes Yes Yes Yes No
el Barzouhi, 2014'® Yes No Yes Yes Yes No
Jensen, 2014%* Yes No Yes Yes Yes Yes
Peterson, 2014°2 Yes Yes No Yes Yes Yes
Schistad, 2014*° Yes No Yes Yes Yes Yes
Hancock, 2015%° Yes Yes Yes Yes Yes Yes
Jarvinen, 2015% Yes Yes Yes Yes Yes Yes
Jensen, 2015%* Yes Yes Yes Yes Yes Yes
Kerr, 2015%° Yes No No Yes Yes No
Maiittd, 2015°" Yes No No Yes Yes Yes
Annen, 2016 Yes Yes Yes Yes Yes Yes
de Schepper, 20167 Yes Yes Yes Yes Yes Yes
Suri, 2016°° Yes Yes Yes Yes Yes No
Hancock, 2017" Yes Yes Yes Yes Yes Yes
Koivisto, 2017%% Yes No Yes Yes Yes Yes
Romero-Munoz, 2017°* No Yes Yes Yes Yes Yes
Tonosu, 2017%7 Yes No No Yes Yes Yes
Cai, 2018" Yes No Yes Yes Yes Yes
Annen, 2018" Yes Yes No Yes Yes Yes
Konstantinou, 2018%° Yes Yes No Yes Yes No
Chen, 2019'° Yes No Yes Yes Yes No
Kesikburun, 20197 Yes Yes No Yes Yes Yes
Harrisson, 2019°* Yes No No Yes Yes No
Kuligowski, 2020°° Yes No Yes Yes Yes No
Sadksjarvi, 2020%4 Yes No No Yes Yes Yes
Kasch, 20222° No Yes No Yes Yes Yes
Udby, 2021°8 Yes Yes Yes Yes Yes Yes

a
b

Description of participant source and inclusion and exclusion criteria.

Participants selected by random selection or as consecutive cases.
c

4 At least one prognostic outcome was followed up at 3 months or later.

¢ Raw data, percentages, survival rates or continuous outcome reported.

Study characteristics

A full description of included studies is presented in Table 2.
Twenty-eight studies!>~1821-30:32:33.35.36.38.39.4446-50 inclyded partici-
pants with current LBP, eight studies®20-2>37404345 inclyded par-
ticipants with no LBP and four studies*>*44? enrolled a mixed
participant sample. The mean participant age ranged from 29 to 62

years. The follow-up period ranged from 4 weeks to 30 years.

Association of MRI findings and clinical outcomes in people with
current LBP

Twenty—eight Studie513—18,21—30.32,33,35,36,38,39,44,46—50 reported a
total of 377 associations between MRI findings and clinical outcomes
in participants with current LBP (Appendix 3 on the eAddenda). The
MRI findings presented in three or more studies or where associa-
tions could be pooled across at least two studies are presented below.
Results of associations between MRI findings and pain or disability
outcomes are presented in Tables 3 and 4, respectively. All MRI
findings and outcomes are presented in Appendix 3.

Association between Modic changes and pain and disability

Nineteen studies]3—16,]8,22—25,28,32,33,35,38,39,44,46—48 assessed the
associations between Modic changes (type 1, type 2, type 3, or
type 1 andfor 2) and painl3716,18,22725,28,32,33,35,46—48 or
disability 416-22.23:28:33.38.39.44.4748 (Tahles 3 and 4). Results were able

Outcome data were available for > 80% of participants at 3-month follow-up or later.

Assessor of MRI unaware of > one prognostic factor, used to predict prognostic outcome, at the time prognostic outcome was measured.

to be pooled for 19 different comparisons (which included 55 asso-
ciations from individual studies) in total (Table 5). Only results of
associations investigating different types of Modic changes compared
with no Modic changes for pain or disability outcomes are presented
below. Results of all pooled associations are presented in Table 5.

Any Modic change: Pooling demonstrated those with Modic
changes (type 1 and 2, type 1, and type 2) compared with no Modic
change had slightly worse pain (MD 6.6, 95% CI 4.3 to 8.9)!27163235
and disability outcomes (MD 4.6, 95% CI 0.3 to 8.9)'*!® in the short
term. In the long term, pooling demonstrated no evidence of an as-
sociation between Modic changes (Modic type 1 and Modic type 2)
compared with no Modic changes for pain (MD 0.0, 95% CI —6.5 to
6.4)1423-253547 and disability outcomes (MD —0.3, 95% CI —3.7 to
3.2)!423:3947 (Table 5).

Modic type 1: Pooling demonstrated that those with Modic type 1
changes compared with no Modic changes had slightly worse pain
outcomes (MD 4.4, 95% CI 1.1 to 7.6);'>~15>> however, there was no
evidence of an association for disability outcomes (MD 3.1, 95%
Cl —4.3 to 10.5)'*'° in the short term. In the long term, pooling
demonstrated no evidence of an association between Modic type 1
changes compared with no Modic changes and pain (MD 1.2, 95%
Cl —9.1 to 11.4)4?3-2>3547 3nd disability outcomes (MD —2.4, 95%
Cl —8.8 to 4.0).'4233947 pooling also demonstrated no evidence of an
association between Modic type 1 changes compared with no Modic
changes and the presence of pain (OR 1.1, 95% CI 0.5 to 2.4)'%° in the
long term.
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Table 2

Individual study characteristics.

Research

Study

Participants

N (% female)

Age (y), mean (SD)*

Follow-up duration

Clinical outcome

MRI finding

Populations with current LBP

Modic, 2005°° 246 (58%) 43 (NR) 2y e Disability (RMDQ) Canal stenosis, nerve root
compression, disc herniation
Kleinstuck, 20064¢ 53 (49%) 44 (not reported) 1y e Pain last 2 wk (VAS) High-intensity zone, disc bulge, disc

Disability (RMDQ)

degeneration, Modic type 1, Modic
type 2

McNee, 201149

240 (54%)

NR (range 20 to 60)

22 mo (mean)

Pain > 14 d in past 4 wk
Disability past 4 wk (RMDQ)

Number of MRI abnormalities, disc
degeneration

Hellum, 2012** 66 (58%) 42 (NR) 1y e Disability (ODI) Modic type 1, Modic type 2, disc
degeneration (height reduction), disc
degeneration (signal intensity), facet
joint arthropathy, high-intensity
zone

Jensen, 2012%° 96 (69%) 46 (range 21 to 60) 14 mo e Pain (NPRS) Modic type 1, Modic type 1 (change
in size)

Keller, 2012 269 (50%) 50 (range 20 to 60) 1y o Patient global impression of Modic type 1, Modic type 2

improvement (PGI-I)

Wilkens, 2013%° 250 (48%) 49 (11) 1y e Disability (RMDQ) High-intensity zone, Modic type 1,
Modic type 2, and Modic type 1, 2 or
3

el Barzouhi, 2014'% 95 (29%) 44 (10) 4 wk e Disabling LBP > 40/100 mm Vertebral endplate signal changes

3 mo e Pain (VAS) type 1, vertebral endplate signal
6 mo changes type 2, vertebral endplate
1y signal changes type 1 and 2

Jensen, 2014 141 (53%) 42 (11) 1y e Pain (LBP rating scale) Disc nucleus signal, lumbar
osteophytes, disc height reduction,
high-intensity zone, disc herniation,
nerve root compression, spina
stenosis, Modic type 1, Modic type 2,
and Modic type 1 and 2

Peterson, 2014*? 345 (50%) 60 (NR) 1 mo e Patient impression of change Modic type 1 and 2

(PGIC)
Schistad, 2014°° 235 (47%) 41 (11) 6 wk e Pain (VAS) Modic type 1, Modic type 2 and 3
6 mo o Pain experience (McGill sensory
1y pain score)

Jarvinen, 2015% 64 (87%) 44 (10) 2y e Pain (NRS) Change in Modic type 1 extent,

o (Disability) ODI change in Modic type 2 extent

Jensen, 2015%* 96 (69%) 46 (range 21 to 60) 14 mo e Change in pain (NRS) Modic type 1, large Modic change (>
25% vertebral height), large Modic
type 1, severe disc degeneration (> 3
Pfirrmann), large disc herniation

Kerr, 2015%° 392 (41%) 44 (12) 8y o Disability (ODI) Posterolateral herniation, other
herniation location, extrusion,
protrusion, sequestration

Annen, 2016 72 (23%) 42 (11) 1 mo ¢ Improvement (PGIC) Modic type 1, Modic type 2, Modic

3 mo e Back pain (NRS) type 1 and 2
6 mo e Leg pain (NRS)
1y ¢ Disability (ODI)
de Schepper, 20167 683 (47%) 50 (13) 1y e Recovery (strongly improved/ Disc bulging, disc herniation, nerve
completely improved on GPE) root compression, spinal stenosis,
spondylolisthesis
Suri, 2016°° 341 (62%) 44 (12) 4y e Back pain recurrence (LBP Extrusion, sequestration,
bothersome) posterolateral disc herniation
e Leg pain recurrence (Sciatic both-
ersome index)
Koivisto, 2017%® 20 (45%) 52 (NR) 51 wk e Change in LBP intensity (VAS) Change in Modic type 1 extent,
¢ Disability (ODI) change in Modic type 2 extent
Romero-Munoz, 2017°* 70 (66%) 57 (range 43 to 67) 10y e Back pain (VAS) Modic type 1, Modic type 2, Modic
e Leg pain (VAS) type 3
¢ Disability (ODI)
Annen, 2018" 112 (42%) 45 (16) 1 mo o Pain (NRS) Modic type 1, Modic type 2, and
3 mo e Bournemouth Questionnaire Modic type 1 and 2
e Improvement (PGIC)
Cai, 2018" 37 (39%) 62 (11) 6 mo e Pain (VAS) Mild disc degeneration, severe disc

degeneration, Modic type 1
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Table 2 (Continued)

Study Participants Follow-up duration Clinical outcome MRI finding

N (% female) Age (y), mean (SD)*

Konstantinou, 2018%° 609 (63%) 50 (14) 4 mo e Disability (RMDQ) Nerve root compression
12 mo
Chen, 2019'° 129 (57%) 42 (range 21 to 67) 3 mo e Pain (VAS) Modic type 1, Modic type 2
6 mo o Disability (ODI)
Kesikburun, 20197 40 (45%) 50 (14) 17 mo (SD 7) e Pain (NRS) Disc herniation
« Disability (ODI)
Harrisson, 2019°* 402 (63%) 50 (14) 4 mo e Mean pain intensity (0 to 10) Nerve root compression
ly
3y
Kuligowski, 2020°° 30 (60%) 29 (3) 4 wk o Pain (NRS) Protrusion, extrusion
e Disability (ODI)
Kasch, 2022° 1,997 (54%) 53 (14) 6y e Pain (NRS) Disc degeneration, disc height loss,
disc herniation, high-intensity zone,
spondylolisthesis, Modic type 1,
Modic type 2 or 3, hypertrophy
ligamentus flava, Schmorl lesion,
spinal canal stenosis, 1 MRI finding, 2
MRI findings, 3 MRI findings, 4 MRI
findings, > 5 MRI findings
Udby, 2021°# 170 (54%) 53 (range 31 to 70) 1By ¢ Disability (RMDQ) Modic change (1, 2, 3), disc
degeneration, facet joint
degeneration

Populations with no LBP

Boos, 2000%° 46 (NR) NR (range 20 to 50) 62 mo (mean) e Pain (NQ) Disc herniation, nerve root contact,
disc degeneration
Borenstein, 200" 67 (NR) 42 (NR) 7y e Pain (ordinal scale) MRI abnormalities (change)
Elfering, 2002%* 41 (27%) NR (range 20 to 50) 62 mo (mean) e Pain (NQ) Disc degeneration (change)
Jarvik, 2005%° 148 (11%) 54 (range 36 to 71) 3y e Pain (PFI) Disc herniation, nerve root contact,
canal stenosis
Hancock, 2015%° 76 (39%) 46 (13) 1y e LBP recurrence (return of LBP Disc degeneration > 3, high-
lasting at least 24 h, pain intensity intensity zone, Modic change, disc
> 3/10 NRS) herniation, facet joint arthrosis,
e Recurrence of activity limited LBP spondylolisthesis
Hancock, 2017 76 (39%) 46 (13) 52 wk e Days of LBP recurrence (adapta- Pfirrmann DD score > 3, disc height
tion of item 8 of SF-36) loss, disc annular tear, high-intensity
zone, disc herniation,
spondylolisthesis, facet joint
osteoarthritis, Modic change, and 1, 2
or 3, aggregate MRI findings
Tonosu, 2017%7 49 (51%) 45 (9) 10y o Back pain in the past 1 mo Disc degeneration, disc bulge, high-
intensity zone
Kasch, 2022° 1,366 (46%) 53 (14) 6y e Pain (NRS) Disc degeneration, disc height loss,

disc herniation, high-intensity zone,
spondylolisthesis, Modic type 1,
Modic type 2 or 3, hypertrophy
ligamentus flava, Schmorl lesion,
spinal canal stenosis, 1 MRI finding, 2
MRI findings, 3 MRI findings, 4 MRI
findings, > 5 MRI findings

Populations with a mixed sample

Carragee, 2005** 100 (37%) 42 (NR) 63 mo (mean) e Pain (remission) Disc herniation
Carragee, 2006"! 200 (40%) 39 (NR) 5y e Pain (NRPS) Disc degeneration, endplate changes,
o Disability (ODI) canal stenosis
Maatts, 2015°! 429 (98%) 54 (NR) 10 e Disabling low back pain lastin DD summary score (0 to 60), Schmorl
y g p g y
> 1 mo node, Modic change
Sadksjarvi 2020, 35 (0%) 51 (1) 30y o Pain (VAS) Single intensity decrease > 60%,
e Disability (ODI) Modic change, disc protrusion or

bulge, severe body endplate lesion,
disc height reduction, annular
fissure, high-intensity zone

GPE = global perceived effect, LBP = low back pain, MRI = magnetic resonance imaging, NPRS = numeric pain rating scale, NQ = Nordic questionnaire, NRS = numeric rating scale,
ODI = Oswestry Disability Index, PFI = Pain Frequency Index, RMDQ = Roland Morris Disability Questionnaire, SF-36 = 36 Item Short Form Survey, VAS = visual analogue score.

2 Unless otherwise stated.

Fourteen studies'#!822-2528:33.3538.39.44.4748  jpyestigated the
remaining 46 associations between Modic change (any type)
compared with no Modic changes for pain or disability outcomes in

populations with LBP. Pooling was not possible due to heterogeneity

in outcome measures or measures of association (Tables 3 and 4).
Point estimates in 40 of the 46 associations demonstrated no evi-
dence of an association between Modic changes (type 1 and 2, type 1
alone, type 2 alone, or type 3 alone) compared with no Modic
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Table 3

Association between MRI findings and clinical outcomes in populations with current low back pain in the short term.

Exposure Comparison Clinical outcome (follow up)® Difference in means (95% CI)°
Disc bulge*® No disc bulge Back pain (3 mo)* 0.1 (p = 0.6)¢
Disc bulge®® No disc bulge Disability (6 wk)* 02 (p=01)¢
Disc degeneration®® No disc degeneration Back pain (3 mo)* 0.1 (p=06)!
Disc degeneration (severe)'® Disc degeneration (mild) Back pain (6 mo) -8.5(-23.4 to 6.4)°
Disc degeneration*® No disc degeneration Disability (3 mo)© 0.1 (p=0.7)¢
Disc herniation®® No disc herniation Disability (6 wk) 2.7 (1.4 to 5.1) (OR)
Disc protrusion®® Disc extrusion Back pain (1 mo) 30.0 (NR)f
Disc protrusion®’ Disc extrusion Disability (1 mo) 18.0 (NR)"
High intensity zone™® No high intensity zone Back pain (3 mo)“ -0.1 (p = 0.4)°
High intensity zone*® No high intensity zone Disability (3 mo)* -02 (p=01)

Modic type 1" No Modic
Modic type 1'° No Modic
Modic type 1" No Modic
Modic type 1°° No Modic
Modic type 1° No Modic
Modic type 1" No Modic
Modic type 1" No Modic
Modic type 1'° No Modic
Modic type 1'* Modic type 2
Modic type 1'° Modic type 2
Modic type 1'% Modic type 2
Modic type 1'* Modic type 2
Modic type 1' Modic type 2
Modic type 1'° Modic type 2
Modic type 1°° Modic type 2 and 3
Modic type 1 and 2°2 No Modic
Modic type 1 and 2'* No Modic
Modic type 1 and 2'° No Modic
Modic type 1 and 2"* No Modic
Modic type 1 and 2'4 No Modic
Modic type 1 and 2'* No Modic
Modic type 1 and 2'° No Modic
Modic type 1 and/or 2%% No Modic
Modic type 1 and/or 2** No Modic
Modic type 2'* No Modic
Modic type 2'° No Modic
Modic type 2° No Modic
Modic type 2'4 No Modic
Modic type 2'* No Modic
Modic type 2'° No Modic
Modic type 2 and 3°° No Modic
NRC™ No NRC
NRC? No NRC (all patients)
NRC® No NRC

Spinal stenosis (severe)’’ No spinal stenosis

Back pain (3 mo)
Back pain (3 mo)
Back pain (3 mo)
Back pain (6 mo)
Back pain (6 mo)
Leg pain (3 mo)

Disability (3 mo)
Disability (3 mo)
Back pain (3 mo)
Back pain (3 mo)
Back pain (3 mo)
Leg pain (3 mo)

Disability (3 mo)
Disability (3 mo)
Back pain (6 mo)
Back pain (1 mo)
Back pain (3 mo)
Back pain (3 mo)
Back pain (3 mo)
Leg pain (3 mo)
Disability (3 mo)

Disability (3 mo)

Back pain (3 mo)*
Disability (3 mo)©
Back pain (3 mo)
Back pain (3 mo)
Back pain (3 mo)
Leg pain (3 mo)

Disability (3 mo)

Disability (3 mo)

Back pain (6 mo)
Back pain (4 mo)
Disability (4 mo)

Disability (6 wk)

Disability (6 wk)

-4.0 (-22.6 to 14.6)
50 (14 to 8.6)
-16 (162 to 13.0)
7.0 (-5.3 to 19.3)
03 (-15.7 to 16.3)e
-8.0 (-279 to 11.9)
9.3 (-2.2 to 20.9)
0.8 (-12 to 2.8)
-7.7 (-269 to 11.5)
-5.0 (-9.8 to —0.2)
-5.7 (=22.9 to 11.5)
-18.4 (-43.9 to 71)
-13 (-165 to 13.8)
-5.0 (-7 to -2.5)
8.0 (-1.0 to 17.0)
7.3 (11 to 13.5)
0.7 (132 to 14.6)
8.0 (4.5 to 11.5)
13 (-12.2 to 14.8)
2.7 (-12.9 to 18.3)
10.1 (0.3 to 20.0)
3.8 (2.0 t0 5.7)
-0.3 (p=02)d
01 (p=05)d
3.7 (-11.7 to 19.1)
10.0 (6.0 to 14.0)
41 (-12.8 to 21.0)
10.4 (-9.4 to 30.2)
10.7 (0.4 to 21.7)
5.8 (3.8 to 7.8)
-1.0(-81 to 6.1)
-3.0 (-13.0 to 7.0)

0.9 (0.4 to 2.0) (OR)

1.3 (0.7 to 2.5) (OR)

0.4 (02 to 1.2) (OR)

Positive outcome for difference in means indicates exposure group had a worse outcome at follow-up compared with comparison group.

OR > 1 indicates greater odds of poor outcome in exposure group compared with comparison group.

Shaded rows indicate change in exposure or change in comparison MRI finding.
NR = not reported, NRC = nerve root compression.

@ Short-term follow-up; outcome < 12 months (closest time point to 3 months) taken.

® Unless otherwise indicated.

¢ Average pain in the past 2 weeks.
d Beta coefficient.

¢ Change in pain scores.

' Z score.

changes and pain or disability outcomes at any follow-up time point.
Two studies?>?® found a relationship between greater increases in
the volume of Modic type 1 changes between baseline and follow-up,
and worse pain and disability outcomes over the same period
(Table 4). Point estimates of the remaining four associations from two
studies”*** suggested that there may be an association between
those with Modic type 1 changes alone®* or Modic type 1 and 2**
changes and worse pain®* or disability** outcomes, respectively, in
the long term (Table 4).

Association between nerve root compression and pain and disability
Four studies®"*>?%°° investigated the association between nerve
root compression and pain®"** or disability>****° outcomes in pop-
ulations with LBP. Pooling demonstrated no evidence of an associa-
tion between the presence of nerve root compression compared with
no compression and pain (MD -1.7, 95% CI —11.0 to 7.5)*"** or
disability outcomes (OR 1.1, 95% CI 0.7 to 1.8)*>° in the long and
short term, respectively. Results from associations based on two
single studies*>® demonstrated no evidence of an association be-
tween the presence of nerve root compression compared with the

absence of nerve root compression and pain outcomes in the short
and long term?' and disability outcomes in the long term?® (Tables 3
and 4).

Association between disc degeneration and pain and disability

Eight studies!>?3-25:38444849 jnyestigated 12 associations be-
tween disc degeneration and pain'>?>-2>%® or disability?>->8-444849
outcomes in populations with LBP. Studies were only able to
be pooled for two comparisons (which included four
associations) 2>?>4449 due to different measures of association re-
ported. Pooling demonstrated that those with disc degeneration
compared with no disc degeneration had slightly worse pain out-
comes (MD 5.3, 95% CI 1.3 to 9.3)?>?> and worse disability outcomes
(OR 2.1, 95% CI 1.3 to 3.6)***? in the long term. Point estimates of the
remaining eight associations did not consistently suggest a relation-
ship between those with disc degeneration compared with no disc
degeneration and clinical outcomes; all of these associations had
confidence intervals that included no association (or where they were
not reported, were not statistically significant).

205



8 Han et al: MRI prediction of low back pain

Table 4
Association between MRI findings and clinical outcomes in populations with current low back pain in the long term.

Exposure

Comparison

Clinical outcome (follow up)?

Difference in means (95% CI)”

Disc bulge*®

Disc bulge®®
Disc degeneration®®

No disc bulge

No disc bulge
No disc degeneration

Back pain (1 y)°
Disability (1 y)
Back pain (1 y)°

0.9 (p = 0.15)¢
022 (p = 011)¢
-0.18 (p = 0.25)¢

Disc degeneration (severe)** No disc degeneration (severe) Back pain (14 mo) 0.0 (p =10)¢
Disc degeneration®* No disc degeneration Back pain (1y) 8.1 (-1.2to 18.1)
Disc degeneration®® No disc degeneration Back pain (6 y) 7 (0.3 to 9.1)

Disc degeneration®*

No disc degeneration

Disability (1y)

10.4 (-9.6 to 29.7)

Disc degeneration®® No disc degeneration Disability (1 y)° -0.24 (p = 0.15)¢
Disc degeneration®’ No disc degeneration Disability (18.5 mo)® 2.3 (1.3 to 4.0) (OR)
Disc degeneration”® No disc degeneration Disability (13 y) 0.06 (p = 0.41)¢
Disc degeneration** No disc degeneration Disability (2 y) 1.3 (0.3 to 5.3) (OR)

Disc extrusion®®
Disc extrusion’®
Disc extrusion>®
Disc extrusion®®
Disc extrusion (non-regression
Disc extrusion (non-regression

( 27
(

Disc extrusion (non-regression
(
(

;27
)27
Disc extrusion (non-regression)>’
Disc extrusion (partial regression
Disc extrusion (partial regression)>’
Disc height reduction®®

Disc height reduction®®

Disc height reduction?*

Disc height reduction"**

Disc herniation®*

Disc herniation””

Disc herniation (large)’*

Disc herniation (posterolateral
Disc herniation (posterolateral)*®
Disc herniation (posterolateral)”®
Disc herniation®*

Disc sequestration®®

Disc sequestration®®

Disc sequestration®®

Facet joint degeneration®®
Facet joint arthropathy grade 2/
Lumbar spine osteoarthritis*®

)27

)36

3044

Disc protrusion

Disc protrusion

Disc protrusion

Disc sequestration

Disc extrusion (partial regression)
Disc extrusion (partial regression)
Disc extrusion (complete regression
Disc extrusion (complete regression
Disc extrusion (complete regression
Disc extrusion (complete regression
No disc height reduction

No disc height reduction

No disc height reduction

No disc height reduction

No disc herniation

No disc herniation

No disc herniation (large)

Other disc herniation

Other disc herniation

Disc herniation (other herniation location)

No disc herniation

Disc protrusion

Disc protrusion

Disc protrusion

No facet joint degeneration

)
)
)
)

No facet joint arthropathy grade 2/3

No lumbar spine osteoarthritis

Back pain (4 y)*
Disability (8 y)
Leg pain (4 y)
Disability (8 y)
Back pain (17 mo)
Disability (17 mo)
Back pain (17 mo)
Disability (17 mo)
Back pain (17 mo)
Disability (17 mo)
Back pain (1y)
Back pain (6 y)
Disability (1y)
Disability (2 y)
Back pain (1 y)
Back pain (6 y)
Back pain (14 mo)
Back pain (4 y)*
Leg pain (4y)*
Disability (8 y)
Disability (1 y)
Back pain (4 y)®
Disability (8 y)
Leg pain (4 y)°
Disability (13 y)
Disability (2 y)
Back pain (1 y)

1.0 (0.6 to 1.6) (HR)
-2.4(-5.2 to 0.4)"
0.7 (0.5 to 1.2) (HR)
1.2 (-3.6 to 6.0)"
11.0 (-12.1 to 34.1)
9.8 (-13.4 to 33.3)
18.0 (-2.1 to 38.1)
14.2 (-4.9 to 33.3)
7.0 (-10.8 to 24.8)
44 (=121 to 20.9)
43 (-4.7 to 13.4)
-4.8 (-10.2 to 0.5)
5.3 (-11.6 to 22.2)
1.4 (0.5 to 4.2) (OR)
11.2 (-0.7 to 23)
-7.0 (-163 to 2.4)
0.7 (p = 0.3)°
0.7 (0.4 to 1.1) (HR)
0.6 (0.4 to 0.9) (HR)
-3.7 (-6.4 to -1.0)"
22,0 (-0.2 to 44.2)
0.6 (0.2 to 1.4) (HR)
-36 (-84 to 1.2)"
0.9 (0.4 to 1.9) (HR)
-0.02 (p = 0.80)¢
1.3 (0.3 to 5.3) (OR)
-1.8 (-9.5 to 5.9)

Lumbar spine osteoarthritis** No lumbar spine osteoarthritis Disability (1 y) -0.5 (-14.8 to 13.8)
High-intensity zone*® No high-intensity zone Back pain (1 y)° -0.38 (p = 0.01)°
High-intensity zone®* No high-intensity zone Back pain (1y) 42 (-42 to 12.6)
High-intensity zone*® No high-intensity zone Back pain (6 y) -0.3 (-4.3 to 3.8)
High-intensity zone*? No high-intensity zone Disability (1y) -11(?)
High-intensity zone®* No high-intensity zone Disability (1'y) 5.0 (9.5 to 19.4)
High-intensity zone®® No high-intensity zone Disability (1 y)° -0.08 (p = 0.59)¢
High-intensity zone (posterior)"** No posterior high-intensity zone Disability (2 y) 0.6 (0.2 to 1.8) (OR)
Hypertrophy ligamentous flava®® No hypertrophy ligamentous flava Back pain (6 y 8.4 (-3.7 to 20.4)
Modic type 1'* No Modic Back pain (1y -4.5 (-25.9 to 16.9)

)
)
Back pain (1y)
)
)

Modic type 177 No Modic i 2.0 (-6.2 to 10.3)
Modic type 1°° No Modic Back pain (1y 1.0 (-12.0 to 14.0)
Modic type 1% No Modic Back pain (1y -14.5 (-27.2 to -1.8)
Modic type 1%/ No Modic Back pain (1 y)' 1.0 (0.8 to 1.2) (HR)
Modic type 14° No Modic Back pain (14 mo) 1.0 (0.4 to 2.4) (OR)
Modic type 11§ No Modic Back pain (1y) 1.5 (0.1 to 15.9) (OR)
Modic type 1% No Modic Back pain (14 mo) 17.8 (2.6 to 33.0)'
Modic type 1 (large)** No Modic Back pain (14 mo) 0.1 (p=09)"
Modic type 1 (large)<** No Modic Back pain (14 mo) -0.7 (-14.6 to 13.2)'
Modic type 1 (large)-** No Modic Back pain (14 mo) 7.0 (-2.7 to 16.7)'
Modic type 1 (large)™** No Modic Back pain (14 mo) 14.3 (0.8 to 27.9)'
Modic type 1% No Modic Back pain (14 mo) -1.8 (p = 0.03)¢
Modic type 14 No Modic Back pain (14 mo) 22.8 (12.2 to 33.4)'
Modic type 1™2* No Modic Back pain (14 mo) 27.8 (12.8 to 42.8)'
Modic type 1% No Modic Back pain (6 y) -3.0 (-134 to 74)
Modic type 1> No Modic Back pain (10 y) -5.0 (-23.6 to 13.6)
Modic type 1?? No Modic Leg pain (1) -4.8 (-24.8 t0 15.2)
Modic type 1** No Modic Leg pain (10 y) 11.0 (-9.7 to 31.7)
Modic type 14 No Modic Disability (1y) 2.9 (-10.6 to 16.5)
Modic type 1f'7 No Modic Disability (1y) 0.60 (-5.9 to 7.1)
Modic type 1*° No Modic Disability (1y) -5.2 (-13.8 to 3.4)
Modic type 1% No Modic Disability (1y) -22.5 (-47.1 to 2.1)
Modic type 13 No Modic Disability (10 y) -8.6 (-28.0 to 10.8)
Modic type 1* No Modic Disability (1y) 1.00 (0.98 to 1.04) (HR)
Modic type 1+ No Modic Disability (2 y) 0.7 (0.2 to 1.9) (OR)
Modic type 14 Modic type 2 Back pain (1y) -1.3 (-28.4 to 25.8)
Modic type 118 Modic type 2 Back pain (1y) 1.0 (0.1 to 10.1) (OR)
Modic type 1** Modic type 2 Back pain (10 y) -8.0 (-26.6 to 10.6)
Modic type 14 Modic type 2 Leg pain (1y) -18.9 (-43.5 to 5.7)
Modic type 1** Modic type 2 Leg pain (10 y) 14.0 (-8.6 to 36.6)
Modic type 1“? Modic type 2 Disability (1 y) -6.9 (-28.6 to 14.9)
Modic type 1** Modic type 2 Disability (10 y) 4.0 (-20.2 to 28.2)
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Table 4 (Continued)

Research

Exposure

Comparison

Clinical outcome (follow up)?

Difference in means (95% CI)"

Modic type 1°°

Modic type 1**

Modic type 1*°

Modic type 1**

Modic type 1 change?®
Modic type 1 change®?
Modic type 1 change?®
Modic type 1 change?”
Modic type 1 and 2'*
Modic type 1 and 2%°
Modic type 1 and 2'®
Modic type 1 and 2'*
Modic type 1 and 2'*
Modic type 1 and 2%°
Modic type 1 and 2"#*
Modic type 1 or 2+
Modic type 1 and/or 2*¢
Modic type 1 and/or 2%
Modic type 1, 2, 3 (large)**
Modic type 1, 2, 3 (large)“**
Modic type 1, 2, 3 (large)™**
Modic type 1, 2, (large)“ 24
Modic type 1, 2,

Modic type 1, 2, 3‘
Modic type 1, 2, 3%
Modic type 1, 2, 3%
Modic type 1, 2, 3*®
Modic type 1, 2 or 3*°
Modic type 2'*

Modic type 2%/

Modic type 2*°

Modic type 2'¢

Modic type 2%/

Modic type 2**

Modic type 2'4

Modic type 2*°

Modic type 2'

Modic type 2%/

Modic type 2%

Modic type 2*°

Modic type 2*°

Modic type 244

Modic type 2 and 3°°
Modic type 2 or 3*°
Modic type 2*°

Modic type 2*°

Modic type 2*°

Modic type 2 change?®
Modic type 2 change®?
Modic type 2 change®®
Modic type 2 change??
Modic type 3**

Modic type 3**

Modic type 3**

NRC?!

NRC?®

NRC?*

NRC?®

Schmorl lesion®

Spinal stenosis®®

Spinal stenosis®®

Spinal stenosis*®
Spondylolisthesis**

1 MRI abnormality®®

1 MRI abnormality*®

> 1 MRI abnormality*’
2 MRI abnormalities®

2 MRI abnormalities*®
> 2 MRI abnormalities*’
3 MRI abnormalities*®

3 MRI abnormalities*®
> 3 MRI abnormalities*®
4 MRI abnormalities*

4 MRI abnormalities*®

3
3
3%

> 5 or more MRI abnormalities?”

Modic type 2 and 3
Modic type 3
Modic type 3
Modic type 3

Not applicable as change measure
Not applicable as change measure
Not applicable as change measure
Not applicable as change measure

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic type 1 and 2
No Modic type 1 or 2
No Modic

No Modic
Modic type 1, 2,
Modic type 1, 2
Modic type 1, 2,
Modic type 1, 2,
No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic
Modic type 3
Modic type 3
Modic type 3

Not applicable as change measure
Not applicable as change measure
Not applicable as change measure
Not applicable as change measure

No Modic

No Modic

No Modic

No NRC

No NRC

No NRC

No NRC (all patients)
No Schmorl lesion
No spinal stenosis
No spinal stenosis
No spinal stenosis
No spondylolisthesis
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality

Back pain (1y)
Back pain (10 y)
Leg pain (10 y)
Disability (10 y)
Back pain (1y)
Back pain (2 y)
Disability
Disability
Back pain
Back pain

1y)
2y)
y)

y)
Back pain (1y)

(

(2

(

(

(

(

(1
Leg pain (1)
Disability (1 y)
Disability (1y)
Disability (2 y)
Disability (2 y)
Back pain (1 y)©
Disability (1 y)°
Back pain (14 mo
Back pain (14 mo
Back pain (14 mo
Back pain (14 mo
Back pain (10 y)
Leg pain (10 y)
Disability (10 y)

)
)
)
)

Disability (13 y)
Disability (13 y)
Disability (1y)
Back pain (1 y)
Back pain (1 y)'
Back pain (1y)
Back pain (1 y)
Back pain (1 y)'
Back pain (10 y)

Leg pain (1y)

Leg pain (10 y)
Disability (1y)

Disability (1 y)

Disability (1 y)

Disability (1 y)

Disability (10 y)
Disability (2 y)

Back pain (1y)
Back pain (6 y)
Back pain (10 y)
Leg pain (10 y)
Back pain
Disability
Disability
Back pain
Leg pain (
Disability
Back pain
Back pain

(
(
(
1
(
Back pain (1
(2
(
(
(
1
(

Back pain
Back pain

(

(

(

y (

(6

¢

(6

(

Back pain (6

Back pain (6 )

Back pain (18.5 mo)®

Back pain (18.5 mo)®

Back pam 6y)
(
(
(6
(
(
(6
(
(6

v)

0.0 (-10.5 to 10.5)
18.0 (-19.1 to 55.1)
40.0 (-2.9 to 82.9)
38.0 (-6.6 to 82.6)
0.3 (NR)°
0.26 (p = 0.04)"
0.3 (NR)!

0.30 (p = 0.02)°
-3.7 (-19.5 to 12.1)
-18.0 (-29.2 to -6.8)
1.4 (0.3 to 6.3) (OR)
7.1 (-8.0 to 22.2)
7.3 (-3.5 to 18.0)
-45.4 (-66.7 to 24.1)
1.0 (0.3 to 3.5) (OR)
3.4 (0.6 to 17.7) (OR)
0.17 (p = 0.26)°
0.20 (p = 0.23)¢
12 (p=013)h
-12.3 (-27.4 to 2.8)'
2.5 (-12.2 to 17.2)'
-4.7 (-15.2 to 5.8)'
-1.0 (-14.3 to 12.3)
0.0 (-15.4 to 15.4)
-13.2 (-283 to 1.9)
0.3 (NR) (R?)
0.2 (p = 0.03)¢
3.8 (-3.0 to 10.7)
-3.2 (-20.0 to 13.6)
1.0 (-5.1 to 7.6)
-6.1 (-13.7 to 1.4)
1.5 (0.3 to 7.1) (OR)
0.9 (0.8 to 1.1) (HR)
3.0 (-12.2 to 18.2)
14.1 (-5.01 to 33.2)
-3.0 (-20.5 to 14.5)
9.8 (-0.5 to 20.0)
0.5 (-6.0 to 7.0)
-6.3 (-19.5 to 6.9)
0.2 (-5.1 to 5.5)
-12.6 (-29.7 to 4.5)
2.1 (0.7 to 5.9) (OR)
1.0 (-7.1 to 9.1)
1.2 (-4.1 to 6.4)
26.0 (-11.4 to 63.4)
26.0 (-20.6 to 72.6)
34.0 (-16.4 to 84.4)
-0.2 (NR)°
-0.24 (p = 0.05)¢
-0.3 (NR)°
-0.13 (p = 0.31)¢
-23.0 (-63.9 to 17.9)
-29.0 (-74.1 to 16.1)
-46.6 (-87.5 to -5.7)
-7.0 (-17.0 to 3.0)
2.5 (-5.5to 10.4)
29 (-11.1 to 16.8)
0.9 (0.5 to 2.0) (OR)
-3.6 (-7.6 to 0.4)
2.7 (-6.9 to 12.2)
-2.4 (-7.7 to 2.9)
-6.0 (-23.5 to 11.5)
-16.6 (-42.4 to 9.1)
-0.6 (-5.4 to 4.2)
1.0 (0.4 to 3.1) (OR)
1.3 (0.5 to 3.0) (OR)
-1.9 (-7.8 to 4.0)
1.0 (0.4 to 2.7) (OR)
1.3 (0.6 to 3.1) (OR)
0.4 (-5.5 t0 6.3)
1.0 (0.4 to 2.7) (OR)
1.5 (0.6 to 3.8) (OR)
2.6 (-6.7 to 11.8)
2.6 (1.0 to 7.1) (OR)
-3.0 (-9.9 to 3.8)

Positive outcome for difference in means indicates exposure group had a worse outcome at follow-up compared with comparison group.
OR > 1 indicates greater odds of poor outcome in exposure group compared with comparison group.

HR > 1 indicates greater incidence of poor outcome in exposure group compared with comparison group.

Shaded rows indicate change in exposure or change in comparison MRI finding.

LBP = low back pain, MRI = magnetic resonance imaging, NRC = nerve root compression, RMDQ = Roland Morris Disability Questionnaire, R? = coefficient of determination, ? = the
confidence interval reported in this study was implausible.
2 Long-term follow-up; outcome > 12 months (closest time point to 12 months) taken.

® Unless otherwise indicated.
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¢ Average pain in the past 2 weeks.
4 Beta coefficient.

¢ Disabling LBP in past 4 weeks (RMDQ > 11).
f Rehab group.

& Recurrence of pain.

" Change in disability score.

i Pain at rest during previous week.
J Rest + exercise group.

k Exercise group.

! Change in pain scores.

™ Rest group.

" Rest + exercise group.

© Pearson’s .

Association between all other MRI findings and pain and disability

Thirteen studies?>~2730:26:38,39.44.48-50 jyestigated 68 associations
between the remaining 11 MRI findings (disc herniation,?*-2720-36:0
disc bulge,*® disc height reduction,****%> facet joint arthrop-
athy,**>® high-intensity zone,?>?>3%%448 hypertrophy ligamentous
flava,”® lumbar osteoarthritis,>> Schmorl lesion,?® spinal steno-
sis,>>?>°% spondylolisthesis,?” one or multiple MRI abnormalities?>*°)
and clinical outcomes in populations with LBP. We were only able to
pool results for five different comparisons (which included 11 asso-
ciations from individual studies) in total (Table 5).

Pooling demonstrated no evidence of an association between disc
height reduction (MD —1.0, 95% CI —9.8 to 7.9),>%° disc herniation
(MD 6.0, 95% CI —9.3 to 21.3),>*>%’ and spinal stenosis (MD —1.2,
95% Cl —5.8 to 3.4)>>° compared with the absence of the respective

Table 5

MRI finding and pain outcomes in the long term. Pooling demon-
strated no evidence of an association between the presence of a high-
intensity zone compared with the absence of a high-intensity zone
and pain (MD 0.6, 95% CI —3.1 to 4.2)*>*° and disability outcomes
(MD —0.4, 95% CI —5.3 to 4.6)*>9 in the long term (Table 5).

We were unable to pool data for the remaining 57 associations.
Point estimates in 44 of the 57 associations demonstrated no evi-
dence of an association between those with an MRI finding at base-
line and clinical outcomes at any follow-up time point, and 10 of the
57 associations suggested that those with an MRI finding at baseline
may have worse clinical outcomes at any follow-up time point but
had confidence intervals that included no association (or where
confidence intervals were not reported, were not statistically signif-
icant) (Tables 3 and 4). The remaining three associations from single

Pooled estimates for MRI findings and clinical outcomes for populations with current LBP and no LBP.

Exposure

Comparison

No. of
participants

Difference in
means (95% CI)*

Clinical outcome
(follow-up)

Pooled estimates for Modic changes (regardless of type) compared with no Modic in populations with LBP

Modic (type 1'%!1411635 type 2131416 and type 1 and 2°?) No Modic Back pain (ST) 852 6.6 (4.3 to 8.9)
Modic (type 1'*'5, type 2'41°) No Modic Disability (ST) 273 4.6 (0.3 to 8.9)
Modic (type 142324254735 type 142347 No Modic Back pain (LT) 2,440 0.0 (-6.5 to 6.4)
Modic (type 1'4234739  type 2142347.39) No Modic Disability (LT) 784 -03(-3.7t03.2)
Pooled estimates for MRI findings and clinical outcomes in populations with LBP
Modic type 1'%!1419:16:35 No Modic Back pain (ST) 308 4.4 (11 to 7.6)
Modic type 1'4'° No Modic Disability (ST) 129 3.1 (-4.3 to 10.5)
Modic type 1'>'4 No Modic Improvement (ST) 95 1.5 (0.6 to 3.7) (OR)
Modic type 1'42%2425:47.35 No Modic Back pain (LT) 2,171 1.2 (-9.1 to 11.4)
Modic type 14234739 No Modic Disability (LT) 334 24 (-88 to 40)
Modic type 1'846 No Modic Back pain (LT) 140 1.1 (0.5 to 2.4) (OR)
Modic type 1 and 2'%141632 No Modic Back pain (ST) 624 7.2 (43 to 10.1)
Modic type 1 and 2'+1¢ No Modic Disability (ST) 201 5.1 (0.2 to 10.0)
Modic type 1 and 2'*%* No Modic Back pain (LT) 142 -12.0 (-25.8 to 1.8)
Modic type 1 and 2% No Modic Disability (LT) 142 -18.3 (-69.9 to 33.3)
Modic type 1 and 2'%'432 No Modic Improvement (ST) 495 1.5 (1.0 to 2.2) (OR)
Modic type 1'%'416 Modic type 2 Back pain (ST) 165 -5.2 (-9.7 to -0.6)
Modic type 1'4'° Modic type 2 Disability (ST) 119 -4.9 (-74 to -2.5)
Modic type 1'*'# Modic type 2 Improvement (ST) 86 1.0 (0.4 to 2.6) (OR)
Modic type 2'%!1416 No Modic Back pain (ST) 199 9.4 (5.6 to 13.3)
Modic type 2!416 No Modic Disability (ST) 144 5.9 (3.9 to 7.9)
Modic type 24 No Modic Improvement (ST) 101 1.5 (0.6 to 3.6) (OR)
Modic type 2'42347 No Modic Back pain (LT) 269 -2.1(-6.8 t0 2.7)
Modic type 24234739 No Modic Disability (LT) 450 09 (-3.4 to0 5.2)
NRC?23 No NRC Pain (LT) 437 1.7 (~11.0 to 7.5)
NRC29:50 No NRC Disability (ST) 598 11 (0.7 to 1.8) (OR)
Disc degeneration®*> No disc degeneration Pain (LT) 2,138 53 (1.3 t09.3)
Disc degeneration***° No disc degeneration Disability (LT) 305 2.1 (1.3 to 3.6) (OR)
Disc height reduction’*** No disc height reduction Pain (LT) 2,138 -1.0 (-9.8 to 7.9)
Disc herniation?>?>%’ No disc herniation Pain (LT) 2,172 6.0 (-9.3 to 21.3)
High-intensity zone’** No high-intensity zone Pain (LT) 2,247 -0.6 (-3.1 to 4.2)
High-intensity zone®**° No high-intensity zone Disability (LT) 391 11 (-7.6 t0 9.8)°
Spinal canal stenosis®**° No spinal canal stenosis Pain (LT) 2,138 -1.2 (-5.8 to 3.4)

Pooled estimates for MRI findings and clinical outcomes in populations with no LBP

Disc degeneration®**’

No disc degeneration

Pain (LT) % 1.9 (0.8 to 4.6) (OR)

Positive outcome for difference in means indicates exposure group had a worse outcome at follow-up compared with comparison group.
OR > 1 indicates greater odds of poor outcome in exposure group compared with comparison group.

Shaded rows indicate change in exposure or change in comparison MRI finding.

LT = long-term follow-up (outcome > 12 months, closest time point to 12 months taken, NRC = nerve root compression, ST = short-term follow-up (outcome < 12 months, closest

time point to 3 months taken).
2 Unless otherwise indicated.

b Confidence intervals for Wilkens>’

for high-intensity zone were implausible therefore the standard deviation (SD) for Jensen®* was used for the purpose of meta-analysis.
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Association between MRI findings and clinical outcomes in populations with no LBP.

1

Exposure

Comparison

Clinical outcome (follow-up duration)

HR (95% CI)*

Disc annular tear”’

Disc annular tear'®

Disc degeneration®®

Disc degeneration (worsening
Disc degeneration Pfirrmann > 3%°
Disc degeneration Pfirrmann > 3'°
Disc degeneration*’

Disc degeneration®’

Disc bulge®”

Disc height loss*®

Disc height loss*®

Disc height loss'

Disc herniation®”

Disc herniation*’

Disc herniation®®

Disc herniation'?

Disc protrusion®®

Disc extrusion®®

Disc high-intensity zone®®

Disc high-intensity zone*®

Disc high-intensity zone'®

Facet joint arthrosis*®

Facet joint osteoarthritis'®
Hypertrophy ligamentous flava®
Modic type 1, 2, 3*°

Modic type 1, 2, 3"

Modic type 1%°

Modic type 2 or 3%

Nerve root contact*’

Neural compromise*’

Spinal canal stenosis*

Spinal canal stenosis*®

Spinal central stenosis*’
Spondylolisthesis®®
Spondylolisthesis*®
Spondylolisthesis'®

Schmorl lesion®”

Worsening abnormalities on MRI®
1 MRI finding®®

1 finding present'®

2 MRI findings®®
2 findings presen
3 findings present'®
3 MRI findings®®

4 MRI findings®®

> 5 MRI findings?’

¥

5

tlQ

No disc annular tear

No disc annular tear

No disc degeneration

Disc degeneration (no change)
Disc degeneration Pfirrmann < 3
Disc degeneration Pfirrmann < 3
No disc degeneration

No disc degeneration

No disc bulge

No disc height loss

No disc height loss

No disc height loss

No disc herniation

No disc herniation

No disc herniation

No disc herniation

No disc protrusion

No disc extrusion

No disc high-intensity zone
No disc high-intensity zone
No disc high-intensity zone
No facet joint arthrosis

No facet joint osteoarthritis
No hypertrophy ligamentous flava
No Modic

No Modic

No Modic

No Modic

No nerve root contact

No neural compromise

No spinal canal stenosis

No spinal canal stenosis

No spinal canal stenosis

No spondylolisthesis

No spondylolisthesis

No spondylolisthesis

No Schmorl lesion

No worsening abnormalities on MRI
0 findings

0 findings

0 findings

0 findings

0 findings

0 findings

0 findings

0 findings

Back pain (1 y)°
Back pain (1 y)°
Back pain (6 ys)
Back pain (5 y)°
Back pain (1 y)°
Back pain (1 y)°
Back pain (5 y)°
Back pain (10 y)
Back pain (10 y)
Back pain (6 y)
Back pain (1 y)°
Back pain (1 y)°
Back pain (6 y)
)
)

e

b

Back pain (5 y
Back pain (1y
Back pain (1 y)©

Back and leg pain (3 y)°
Back and leg pain (3 y)¢
Back pain (6 y)
Back pain (1y
Back pain (1y
Back pain (1y
Back pain (1y

)b
)
)
)
Back pain (6 y)
)
)
)

c
b

C

Back pain (1 y)°

Back pain (1y
Back pain (6 y
Back pain (6 y)
Back and leg pain (3 y)¢
Back pain (5 y)°
Back pain (6 y)
Back pain (1 y)°
Back and leg pain (3 y)¢
Back pain (6 y)
Back pain (1 y)
Back pain (1 y)
Back pain (6 y)
Back pain (7 y)
Back pain (6 y)
Back pain (1 y)*
)
)
)
)
)
)

C

b

C

Back pain (6 y
Back pain (1y
Back pain (1y
Back pain (6 y
Back pain (6 y
Back pain (6 y

C

c

1.0 (0.5 to 2.0)
12 (0.5t02.7)
0.3 (-0.1 to 0.7)¢
2.9 (0.8 to 10.3) (OR)
2.6 (0.6 to 10.6)
3.6 (0.5 to 26.2)
1.4 (0.4 to 4.6) (OR)
1.3 (0.4 to 4.7) (OR)
0.6 (0.2 to 2.4) (OR)
0.2 (-0.4 to 0.7)¢
1.3 (0.9 to 1.8)
3.3 (0.8 to 13.9)
0.4 (-0.5 to 1.2)°
1.1 (0.3 to 4.2) (OR)
0.9 (0.4 to 2.3)

1.8 (0.4 to 7.5)
0.5 (0.3 to 0.9)
1.2 (0.4 to 3.4)

0.3 (0.0 to 0.7)¢
1.9 (1.0 to 3.5)
25(12to5.1)
1.0 (0.5 to 1.9)
0.7 (0.3 to 1.5)
-0.4 (-1.7 to 0.9)°
1.0 (0.5 to 2.3)
1.4 (0.6 to 3.4)
0.1 (-0.8 to 1.1)¢
0.8 (-0.2 to 1.8)"
1.9 (0.6 to 5.8)
2.3 (0.6 to 8.6) (OR)
0.7 (0.0 to 1.4)¢
0.7 (0.1 to 5.4)
1.9 (0.8 to 4.8)
1.1 (-0.1 to 2.3)¢
1.3 (0.6 to 2.8)
1.6 (0.7 to 3.6)
-0.5 (-0.9 to -0.2)¢
3.5 (NR) (RR)
0.3 (-0.1 to 0.6)¢
2.8 (0.4 to 22.0)
0.2 (-0.2 to 0.6)°
5.9 (0.8 to 44.8)
12.2 (1.3 to 118.2)
0.5 (-0.2 to 1.2)"
0.8 (0.0 to 1.5)¢
1.2 (0.0 to 2.4)¢

Positive outcome for difference in means indicates exposure group had a worse outcome at follow-up compared with comparison group.
HR > 1 indicates greater incidence of poor outcome in exposure group compared with comparison group.

OR > 1 indicates greater odds of poor outcome in exposure group compared with comparison group.

RR > 1 indicates that the poor outcome is more likely to develop in the exposure group.
Shaded rows indicate change in exposure or change in comparison MRI finding.

LBP = low back pain, MRI = magnetic resonance imaging, NR = not reported.

a

Unless otherwise indicated.
5 LBP (yes/no).
c

4 LBP recurrence.

€ Beta coefficient.

Days to recurrence of activity limiting LBP.

studies demonstrated statistically significant results. The presence of
a high-intensity zone compared with no high-intensity zone was
associated with slightly better pain outcomes in the short term
(B —0.38, p = 0.01).%® The presence of disc herniation compared with
no disc herniation was associated with worse disability outcomes (OR
2.7,95% CI 1.4 to 5.1)°° in the short term but slightly better disability
outcomes (MD —3.7, 95% Cl —6.4 to —1.0)?° in the long term.

Association of MRI findings and clinical outcomes in people with
no LBP

Eight studies™!®-22537404345 jnyestigated 97 associations be-
tween MRI findings and pain outcomes in participants with no cur-
rent LBP (Appendix 3). No studies reported on disability outcomes in
populations with no current LBP. The MRI findings presented in three
or more studies or where associations could be pooled across at least
two studies are presented below. Results are presented in Table 6 and
Appendix 3. Only one comparison (which included two associations)

was able to be pooled. The remaining studies were unable to be
pooled due to different outcome measures or measures of association
reported across individual studies, or data from individual studies
were based on the same study populations.'®-204043

Association between disc degeneration and pain

Six studies'®-20-2>374043 reported on the association between disc
degeneration and pain outcomes in populations with no LBP. Pooling
demonstrated that the presence of disc degeneration compared with
the absence of disc degeneration may increase the likelihood of expe-
riencing pain in the long term (OR 1.9, 95% CI 0.8 to 4.6).>”** The
remaining five studies'®?%?>%43 were unable to be pooled due to
different outcome measures and measures of association having been
used. Their associations suggested a consistent relationship of worse
pain outcomes in those with disc degeneration compared with no or
milder disc degeneration in the long term; only one study reported a
confidence interval that excluded no association and even in this study
the results were imprecise (OR 7.3, 95% CI 1.2 to 45.3)** (Appendix 3).

209



12 Han et al: MRI prediction of low back pain

Table 7

Association between MRI findings and clinical outcome in mixed low back pain population samples.

Exposure Comparison

Clinical outcome (follow-up duration) OR (95% CI)*

No disc herniation

No disc degeneration (MRI group)
No disc degeneration

No disc degeneration

No disc degeneration (MRI group)
No disc degeneration

No canal stenosis

No canal stenosis

No Schmorl node

No Modic

No Modic

Disc herniation*?

Disc degeneration (MRI group)**
Disc degeneration®!

Disc degeneration®!

Disc degeneration (MRI group)**
Disc degeneration®!

Canal stenosis (moderate/severe)*!
Canal stenosis (moderate/severe)*!
Schmorl Node®'

Modic (moderate/severe)”'

Modic (type 1, 2 or 3)°!

Back pain (5 y)° 481 (p=001)
Back pain (30 y) -0.3 (-2.3 to 1.7) (MD)
Back pain (5 y)© 4.40 (p = 0.08)

Back pain (10 y)¢
Disability (30 y)
Disability (5 y)°
Back pain (5 y)©
Disability (5 y)°
Back pain (10 y)*
Back pain (5 y)©
Back pain (10 y)¢

11 (11 to 1.1)
-2.9 (-14.0 to 8.2) (MD)
1.1 (0.5 to 2.3)
2.90 (p = 0.09)
21 (0.9 to 5.1)
1.1 (0.7 to 1.8)
25 (p=01)
22 (14t033)

Positive outcome for difference in means indicates exposure group had a worse outcome at follow-up compared with comparison group.
OR > 1 indicates greater odds of poor outcome in exposure group compared with comparison group.

Shaded rows indicate change in exposure or change in comparison MRI finding.

LBP = low back pain, MRI = magnetic resonance imaging, NPRS = numerical pain rating scale.

2 Unless otherwise indicated.

b Remissions of LBP for > 6 months.

¢ Serious LBP (NPRS > 6 for at least 1 week).
4 Disabling low back pain lasting > 1 month.

Association between disc herniation (all types) and pain

Five studies'®?%2>4%45 reported on the association between the
presence of disc herniation (including disc protrusion or extrusion) and
pain outcomes in populations with no LBP. No studies were able to be
pooled due to different outcome measures and measures of association
used. Results of comparisons based on the five studies suggested no
consistent relationship between the presence of disc herniation
compared with no disc herniation and pain outcomes in the long term.
No studies reported statistically significant associations (Table 6).

Association between all other MRI findings and pain

Five studies>!9292>374045 jpyestigated 36 associations between
the remaining 13 MRI findings (disc annular tear,'®*° disc bulge,?**’
disc height loss,'®?%?° high-intensity zone,'%?%?°> hypertrophy liga-
mentous flava,?® facet joint osteoarthritis,'>>° Modic type 1, 2 and/or
3 changes,'?*%%° nerve root contact,’**> Schmorl lesion,?® spinal ca-
nal stenosis,”®*>*° spondylolisthesis,'***?> worsening abnormalities
on MRI> one or more MRI finding'®?®) and clinical outcomes in
populations with no pain (Table 6). Point estimates from 26 of the 36
associations demonstrated no evidence of an association between
those with an MRI finding at baseline and clinical outcomes, and
eight of the 36 associations suggested that those with an MRI finding
at baseline may have worse clinical outcomes at any follow-up time
point (1 to 10 years). Only two associations from one study'® reported
associations between the presence of a high-intensity zone'? or three
aggregate MRI findings'® compared with the absence of the respected
MRI finding and worse pain outcomes at 1 year (OR 2.5, 95% CI 1.2 to
5.1 and OR 12.2, 95% CI 1.3 to 118.2, respectively)'® (Table 6). However,
results for three or more aggregate MRI findings'® should be inter-
preted with caution due to the imprecise confidence intervals.

Association of MRI findings and clinical outcomes in mixed LBP
population samples
Four studies®>*#“4? investigated 14 associations between MRI
findings and clinical outcomes populations with mixed samples
(Appendix 3); the results are presented in Table 7 and Appendix 3. No
associations were able to be pooled due to different outcome mea-
sures or measures of association reported.

One study®! demonstrated that the presence of Modic type 1, 2 or
3 changes compared with no Modic changes was associated with
worse pain outcomes (OR 2.2, 95% CI 1.4 to 3.3) in the long term (10
years). One study*? demonstrated that the presence of disc herniation
compared with no disc herniation was associated with worse pain
outcomes (OR 4.8, p = 0.01) in the long term (5 years) (Table 7 and
Appendix 3). The remaining associations were not statistically sig-
nificant. Point estimates in five of the 12 remaining associations
suggested that those with an MRI finding at baseline may have worse
clinical outcomes at any follow-up time point, and seven of the 12

remaining associations suggested no evidence of an association be-
tween those with an MRI finding at baseline and clinical outcomes at
any follow-up time point.

Discussion

The available evidence is insufficient to judge whether most of the
MRI findings that were tested were or were not associated with
future pain and disability. The exceptions were Modic changes and
disc degeneration, which were associated with slightly worse pain
and disability outcomes. In populations with current LBP, the pres-
ence of Modic type 1 and 2 changes was associated with slightly
worse pain and disability in the short term, the presence of Modic
type 1 changes alone was associated with slightly worse pain in the
short term, and the presence of disc degeneration was associated
with slightly worse pain and worse disability outcomes in the long
term. In populations with no LBP, pooled estimates demonstrated that
the presence of disc degeneration may increase the likelihood of
experiencing pain in the long term (Table 5).

This updated systematic review included 27 new studies and the
12 previous studies,’® resulting in a total of 39 studies that investi-
gated MRI findings and their relationship to future LBP. This review
included a substantial number of studies (n = 39) in comparison with
our previous review® (n = 12). Despite the increase in studies, pooling
was limited due to the heterogeneity of the included studies. Studies
varied in sample sizes (participants ranging from 20 to 1,997, me-
dian = 106) and used different outcome measures, different measures
of associations, and different MRI measures. The results should be
interpreted with caution, as they were based mostly on single studies,
typically with small sample sizes and most associations did not
demonstrate a statistically significant relationship between MRI
findings and future LBP.

This review used the same sensitive search strategy that was
previously used by Steffens et al® and followed a pre-specified pro-
tocol with clear inclusion criteria. A limitation of this review was the
heterogeneity of the studies included, particularly the different
outcome measures, MRI measures investigated and measures of as-
sociations reported. This limited the number of comparisons where a
meta-analysis could be conducted, and the number of studies in the
possible meta-analyses. However, the previous review was unable to
perform any meta-analyses. Some studies included participants from
RCTs!316:24.26.28,30.32,38,44,46.48,50 qnd jt was not possible to determine
the influence of the intervention on the relationships investigated;
however, studies were excluded where the intervention was designed
to change lumbar spine MRI findings (eg, surgery or antibiotic
treatment for Modic changes).

A previous systematic review investigated the relationship be-
tween 11 different MRI findings and LBP in cross-sectional studies.*
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Many MRI findings (disc herniation, disc degeneration, disc bulge,
Modic type 1 changes and spondylolysis) were more prevalent in those
with LBP (ORs ranging from 2.2, 95% CI 1.2 to 4.2 to 7.5, 95% CI 1.3 to
44.6)." Another review investigated cross-sectional associations be-
tween Modic changes and LBP.>° A statistically significant association
was found between Modic change (any type) and the presence of LBP
in 15 of the 30 studies (ORs ranging from 1.5, 95% CI 1.0 to 2.3 to 83.1,
95% Cl 4.9 to 1,424.1).>° The findings from these two reviews cannot be
directly compared with the current results as they investigated cross-
sectional associations; however, the associations between Modic
changes and pain in the cross-sectional studies*>° are consistent with
the relationship to future LBP that the current review identified.

For those imaging findings (eg, Modic changes, disc degeneration)
where some evidence of an association with future LBP was found, it
is recommended that clinicians incorporate this information into
their overall impression of a patient’s likely prognosis when imaging
findings are available, but imaging is not currently recommended
purely to gain this prognostic information. For most MRI findings, it
remains uncertain whether there is any relationship with future LBP.
This review also suggests that the relationship between some imag-
ing findings and future LBP may be different in people with and
without LBP. For example, the presence of a high-intensity zone was
associated with better outcomes in those with LBP but worse out-
comes in those without LBP. This is important, as studies combining
participants with and without LBP may miss a relevant association in
one population. Our results should be interpreted with caution, as
pooling mostly involved a small number of studies with varied
sample sizes. There is still a paucity of large high-quality studies in
this field of research.

Future research should focus on conducting high-quality studies
to determine the clinical relevance of MRI findings and LBP. Analyses
should investigate the impact of age and psychosocial factors on as-
sociations between MRI findings and clinical outcomes. Future
studies should aim to standardise the assessment and reporting of
clinical outcomes based on the recommended core outcome mea-
sures for trials in patients with non-specific LBP (eg, using the
Oswestry Disability Index or Roland Morris Disability Questionnaire
to measure physical functioning).” Standardising clinical outcome
measures allows for better comparisons between study results and
improves the interpretability of results in this area. Studies should
also investigate the impact of the way clinical outcomes (eg, pain) and
MRI findings are defined or categorised, as many studies continue to
dichotomise clinical outcomes or MRI findings (present or absent)
and do not account for different degrees of severity. This may result in
missing important data or relationships. Future studies should also
use standardised MRI protocols and sequences; MRI protocols should
also include standardised descriptions and thresholds for positive
MRI findings.

Our results suggest that some MRI findings may have weak as-
sociations with future LBP; however, for most of the MRI findings we
evaluated it was unclear whether there was an association. Larger
high-quality studies are still needed to resolve uncertainty for most
MRI findings.

What was already known on this topic: The link between
various findings on magnetic resonance imaging and low back
pain is unclear because: structural changes on imaging can be
present in both symptomatic and asymptomatic people; imaging
findings become more prevalent with age; and much past
research has used cross-sectional designs.

What this study adds: Based on longitudinal studies, some
magnetic resonance imaging findings may have weak associa-
tions with future low back pain. The imaging findings that are
predictive differ depending on whether pain is present at base-
line. Although clinicians can incorporate this information into
estimation of a patient’s prognosis when imaging findings are
available, it is not recommended to obtain imaging purely to gain
this prognostic information.

Footnotes: ° Comprehensive Meta-Analysis software Version 3,
Biostat, Englewood, NJ, USA.

eAddenda: Appendices 1 to 3 can be found online at https://doi.
org/10.1016/j.jphys.2023.02.007
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Appendix 1. Detailed search strategies.

EMBASE

1 exp low back pain/ or low$ back pain$.mp.

2 exp backache/ or exp low back pain/

3 exp lumbago/

4  exp magnetic resonance imaging/

5 exp MRU/

6  exp magnetic resonance/

7  exp NMR/

8  exp nuclear magnetic resonance/

9 disc degen$.mp.

10 exp desiccation/

11 bulg$.mp.

12 exp protrusion/

13 extru$.mp.

14 nerve root$ compromis$.mp.

15 annular tear$.mp.

16 endplate chang$.mp.

17 exp stenosis/

18 facet degen$.mp.

19 high intens$ zone.mp.

20 modic chang$.mp.

21 degen$ disc disease.mp.

22 exp spondylolisthesis/

23 cohort analysis/

24 exp incidence/

25 prediction/ or predict$.mp.

26 (disease course or course).mp.

27 inception.mp.

28 survival/

29 logistic regression analysis/

30 exp proportional hazards model/ or cox.mp.

31 exp life tables/ or life table.mp.

32 exp log rank test/ or log rank.mp.

33 intervertebral disk degeneration/ or loss of disc height.mp. or intervertebral disk/

34 (prognosis or prognos$).mp.

35 Back Injuries/ or back injur®.mp.

36 follow up/

37 lor2or3or35

38 4orSor6or7or8or9orl0orllorl2orl3orl4orl5orl6éorl7orl8orl9or20or2l
or 22 or 33

39 23 or24or25o0r26or27or28or29 or30or31 or32 or 34 or 36

40 37 and 38 and 39

41 limit 40 to human

42 limit 41 to (child or preschool child <1 to 6 years> or school child <7 to 12 years> or
adolescent <13 to 17 years> or adult <18 to 64 years> or aged <65+ years>)

43 limit 42 to yr="2012 -Current"
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MEDLINE

1 exp Cohort Studies/
2 Incidence/

3 follow-up stud$.mp.
4 prognos$.mp.

5 predict$.mp.

6 cours$.mp.

7 incept$.mp.

8 survivg.mp.

9

logistic$.mp.

10 cox.mp.

11 life tabl$.mp.

12 log rank.mp.

13 lor2or3or4orS5or6or7or8or9orl0orllorl2
14 lows$ back pain$.mp.

15  back pain$.mp.

16  lumbago.mp.

17  back injur$.mp.

18  backache.mp.

19 14orl15orl6orl17or18

20  magnetic resonance imaging/

21 MRI$.mp.
22 (magnetic adj5 resonance).mp.
23 NMR.mp.

24 nuclear magnetic resonance.mp.

25  disc degen$.mp.

26  desiccat$.mp.

27  loss$ of disc$ height$.mp.

28  bulg$.mp.

29  protru$.mp.

30  extru$.mp.

31  nerve root compromise.mp.

32  annular tear$.mp.

33  endplate chang$.mp.

34  steno$.mp.

35 facet degen$.mp.

36  high intensity zone$.mp.

37 modic chang$.mp.

38  degen$ disc$ diseas$.mp.

39  spondylo$.mp.

40 20 o0r 21 or22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or
36 or 37 or 38 or 39

41 13 and 19 and 40

42 limit 41 to yr="2012 -Current"

43 limit 42 to (humans and ("all child (0 to 18 years)" or "all adult (19 plus years)"))
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CINAHL

1 MH log-rank test

2 "life table method*"

3 MH logistic regression+

4 MH survival analysis+ OR MH cox proportional hazards model
5 "incept*"

6 "cours*®"

7 MH prognosis+

8 "predic*"

9

MH incidence+

10 MH prospective studies+

I1 lor2or3ord4orSor6or7or8or9orll

12 "backach*"

13 (MH "Back Injuries+")

14 "lumbago"

15 MH low back pain OR MH back pain+

16 12or13orl14orl5

17 11 AND 16

18  MH Spondylolisthesis+

19  "Degen* disc disease"

20  "modic chang*"

21  "high intens* zone"

22 "facet degen*"

23 "stenos*"

24 "endplate chang*"

25 "annular tear*"

26  "nerve root* compromis*"

27  extru*"

28  "protru*"

29  "bulg*"

30  "los* of disc* height"

31 "Desicc*"

32 "disc degen*"

33 MH nri OR MH Magnetic Resonance Spectroscopy

34 "MRI OR magnetic resonance"

35 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or
34

36 17 AND 35

37  Limiters - Published Date: 20120101-20211231; Age Groups: Child: 6-12 years, Adolescent:

13-18 years, Adult: 19-44 years, Middle Aged: 45-64 years, Aged: 65+ years, Aged, 80 and

over
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Appendix 2. List of excluded full-text articles and the primary reason for exclusion.

# Study Title First reason for
exclusion
1 Acosta et al Radiographic evaluation of low back pain after lumbar Not a prospective
2021 fusion using Technetium-99 single-photon emission study
computed tomography: Impact on clinical decision-
making and outcome
2 Albert et al Antibiotic treatment in patients with chronic low back No association
2013 pain and vertebral bone oedema (Modic type 1 changes):
a double-blind randomized clinical controlled trial of
efficacy
3 Al-Kaisy etal 10 kHz spinal cord stimulation for the treatment of non- ~ No comparison MRI
2020 surgical refractory back pain: subanalysis of pooled data  finding used
from two prospective studies
4 Altun et al Lumbar herniated disc: spontaneous regression No LBP outcome at
2017 follow-up
5 Ansari et al Outcome of physical rehabilitation in patients indicated Abstract only
2020 for surgery for chronic low back pain
6 Banno et al Clinical outcome of condoliase injection treatment for Not a prospective
2021 lumbar disc herniation: Indications for condoliase therapy study
7 Basques (a) et  The Kinematics and Spondylosis of the Lumbar Spine No LBP outcome at
al 2017 Vary Depending on the Levels of Motion Segments in follow-up
Individuals with Low Back Pain
8 Basques (b) et  The Kinematics and Spondylosis of the Lumbar Spine No LBP outcome at
al 2016 Vary Depending on the Levels of Motion Segments in follow-up
Individuals with Low Back Pain
9 Beall et al Intervertebral disc regeneration techniques Abstract only
2019
10 Beall etal VAST clinical trial: Safely supplementing tissue lost to Abstract only
2020 degenerative disc disease
11 Bergetal 2020 The prevalence of lumbar disc degeneration in No LBP outcome at
symptomatic younger patients: A study of MRI scans follow-up
12 Berryetal Multiparametric MRI characterization of level dependent No LBP outcome at
2019 differences in lumbar muscle size, quality, and follow-up
microstructure
13 Bianchi et al Are the presence of MODIC changes on MRI scans No MRI at baseline
2015 related to “improvement” in low back pain patients
treated with lumbar facet joint injections?
14 Biassonietal  Bone scintigraphy with SPECT CT in paediatric patients ~ Abstract only
2014 with back pain: Initial experience of a tertiary paediatric
referral centre
15 Biassonietal  Bone scintigraphy with SPECT CT in paediatric patients ~ Abstract only
2018 with back pain: The experience of a paediatric tertiary
referral centre
16  Boody et al Evaluation of DIAMTM Spinal Stabilization System for ~ No association
2020 lower lumbar disc degenerative disease: A randomized,
prospective, single-site study
17  Braten et al Efficacy of antibiotic treatment in patients with chronic No association

2019

low back pain and Modic changes (the AIM study):
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Brauer et al
2020
Brogger et al
2018

Brooks et al
2018
Burgstaller et
al 2016

Burgstaller et
al 2020

Buttermann et
al 2008
Celenlioglu et
al 2019

Chandra et al
2016

Chao et al
2017

Chen et al
2014

Chen et al
2021

Chepurin et al
2019

Cox etal 2017

Cuellar et al
2016

Davis et al
2020

de Schepper et
al 2016
Demirel et al
2017

Dessouky et al
2018

double blind, randomised, placebo controlled, multicentre
trial

Occupational lifting predicts hospital admission due to
low back pain in a cohort of airport baggage handlers
Comparative effectiveness and prognostic factors for
outcome of surgical and non-surgical management of
lumbar spinal stenosis in an elderly population: protocol
for an observational study

Back Pain in a Pediatric Emergency Department:
Etiology and Evaluation

Is There an Association Between Pain and Magnetic
Resonance Imaging Parameters in Patients with Lumbar
Spinal Stenosis?

Long-term Results After Surgical or Nonsurgical
Treatment in Patients with Degenerative Lumbar Spinal
Stenosis

Pain and disability correlated with disc degeneration via
magnetic resonance imaging in scoliosis patients

Does facet tropism negatively affect the response to
transforaminal epidural steroid injections? A prospective
clinical study

An algorithmic approach for clinical management of low
back pain

Association between menopause and lumbar disc
degeneration: an MRI study of 1,566 women and 1,382
men

Radiological signs of Scheuermann’s disease and low
back pain: Lumbar MRI classification and six-year low
back pain follow-up in 188 hospital staff members
Association of Lumbar Spine Radiographic Changes with
Severity of Back Pain—Related Disability Among Middle-
aged, Community-Dwelling Women

Bony stress in the lumbar spine is associated with
intervertebral disc degeneration and low back pain: a
retrospective case—control MRI study of patients under 25
years of age

Lumbar magnetic resonance imaging findings in patients
with and without Waddell Signs

Does provocative discography cause clinically important
injury to the lumbar intervertebral disc? A 10-year
matched cohort study

Abstract only

Prevalence of spinal pathology in patients presenting for
lumbar MRI as referred from general practice
Regression of lumbar disc herniation by physiotherapy.
Does non-surgical spinal decompression therapy make a
difference? Double-blind randomized controlled trial
Magnetic Resonance Neurography in Chronic
Lumbosacral and Pelvic Pain: Diagnostic and
Management Impact: An Institutional Audit

No MRI at baseline

Protocol only

No LBP outcome at
follow-up

Not a prospective
study

No LBP outcome at
follow-up

No LBP outcome at
follow-up

Not a prospective
study

No MRI at baseline

Not a prospective
study

Abstract - Found full
text which is Liu et
al 2014

MRI not used

No LBP outcome at
follow-up

No LBP outcome at
follow-up
No association

Abstract only

Not a prospective
study

No comparison MRI
finding used

No MRI at baseline
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36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Dragsbaek
2020

Eksi et al 2020

el Barzouhi et
al 2014
Elkholy et al
2019

Fritz et al 2016

Furunes et al
2018
Goksenoglu et
al 2021
Gornet et al
2019

Guetal 2019

Gupta et al
2020

Hadzic et al
2013
Hanimoglu et
al 2019
Harrison et al
2019
Hashizume et
al 2020

Hong et al
2016

Jain et al 2020

Jamaludin et al
2019
Jang et al 2016

Jensen et al
2012

Jensen et al
2019

An exploratory study of different definitions and
thresholds for lumbar disc degeneration assessed by MRI
and their associations with low back pain using data from
a cohort study of a general population

Lumbar intervertebral disc degeneration, end-plates and
paraspinal muscle changes in children and adolescents
with low-back pain

Influence of low back pain and prognostic value of MRI
in sciatica patients in relation to back pain

Spontaneous Resorption of Herniated Lumbar Disk:
Observational Retrospective Study in 9 Patients

Chronic back pain is associated with decreased prefrontal
and anterior insular gray matter. Results from a
population-based cohort study

Adjacent Disc Degeneration After Lumbar Total Disc
Replacement or Nonoperative Treatment

Predictors of functional mobility in patients with
symptomatic degenerative lumbar spinal stenosis

250. Interspinous process distraction compared to
nonoperative care for moderate lumbar degenerative disc
disease: results of the FDA IDE clinical trial

A 10-year follow-up of electric acupuncture for lumbar
disc herniation and sciatica

Does Size Matter? An Analysis of the Effect of Lumbar
Disc Herniation Size on the Success of Nonoperative
Treatment

Low back and lumbar radicular syndrome: Comparative
study of the operative and non-operative treatment
Effects of Modic Type 1 Changes in the Vertebrae on
Low Back Pain

Prognosis of low back-related leg pain patients with
neuropathic pain: clinical course and prognostic factors
Viable allograft for intervertebral disc supplementation-
provisional results vast trial

Resolution of lumbar disk herniation without surgery

Effect of multimodal physical rehabilitation protocol on
walking and standing time in patients with leg pain in
lumbar degenerative spondylolisthesis

Disc degeneration: More than an aging process

Lumbar intervertebral disc degeneration and related
factors in Korean firefighters

Rest versus exercise as treatment for patients with low
back pain and Modic changes. A randomized controlled
clinical trial

Probiotics for chronic low back pain with type 1 Modic
changes: a randomized double-blind, placebo-controlled
trial with 1-year follow-up using Lactobacillus
Rhamnosis GG

Not prospective

Not a prospective
study

Not enough data for
association
No association

No MRI at baseline

No LBP outcome at
follow-up

Not a prospective
study

Abstract only

No association

No LBP outcome at
follow-up

MRI not used

No LBP outcome at
follow-up

Abstract only
Abstract only

Not a prospective
study

Abstract only
Abstract only

Not a prospective

study
No association

No comparison MRI
finding used
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56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Jin et al 2021
Jung et al 2020

Karademir et
al 2017
Kigozi et al
2019

Kim et al 2013

Kim et al 2015

Kohat et al
2017
Kojima et al
2018
Kozaki et al
2020

Kristoffersen
etal 2021

Kristoffersen
etal 2021

Lee etal 2017

Leeman et al
2014

Lindsay et al
2021

Liuetal 2014

Luoma et al
2016

Maurer et al
2020

McKeag et al
2020

Predictive Classification System for Low Back Pain
Based on Unsupervised Clustering

A prospective study of non-surgical versus surgical
treatment for lumbar spinal stenosis without instability
Adolescent lumbar disc herniation: Impact, diagnosis, and
treatment

Factors associated with costs and health outcomes in
patients with Back and leg pain in primary care: a
prospective cohort analysis

The Influence of Pain Sensitivity on the Symptom
Severity in Patients with Lumbar Spinal Stenosis
Clinical symptoms of lumbar spinal stenosis associated
with morphological parameters on magnetic resonance
images with morphological parameters on magnetic
resonance images

Clinical significance of magnetic resonance imaging
findings in chronic low backache

Lumbar intervertebral disc degeneration in professional
surfers

Fatty infiltration in lumbar paravertebral muscle is a risk
factor for low back pain and related disorders: A 3 years’
follow-up of the general population in Japan

Oedema on STIR modified the effect of amoxicillin as
treatment for chronic low back pain with Modic
changes—subgroup analysis of a randomized trial
Oedema on STIR modified the effect of amoxicillin as
treatment for chronic low back pain with Modic
changes—subgroup analysis of a randomized trial
Long-Term Course to Lumbar Disc Resorption Patients
and Predictive Factors Associated with Disc Resorption
Outcomes of acute and chronic patients with magnetic
resonance imaging—confirmed symptomatic lumbar disc
herniations receiving high-velocity, low-amplitude, spinal
manipulative therapy: a prospective observational cohort
study with one-year follow-up

Assessing need for advanced imaging among athletic
children with chronic back pain using a numerical rating
scale

Radiological Signs of Scheuermann Disease and Low
Back Pain

Chronic low back pain in relation to Modic changes, bony
endplate lesions, and disc degeneration in a prospective
MRI study

Long-term effect of physical inactivity on thoracic and
lumbar disc degeneration—an MRI-based analysis of 385
individuals from the general population

Assessment of the utility of the National Health Service
England Low Back and Radicular Pain Pathway: analysis
of patient reported outcomes

No LBP outcome at
follow-up

No comparison MRI
finding used

No comparison MRI
finding used

No LBP outcome at
follow-up

No LBP outcome at

follow-up
No MRI at baseline

No association
Not a prospective

study
Abstract only

No association
No LBP outcome at
follow-up

No association

No association

Abstract only

No LBP outcome at
follow-up
No association

No association

No comparison MRI
finding used
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74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

&9

90

91

Mera et al
2021

Mera et al
2021

Minetama et al
2018

Minetama et al
2020

Mitra et al
2004

Monro et al
2015

Mukasa et al
2020

Munir et al
2018

Nolte et al
2020
Obanife et al
2021

Ohashi et al
2018

Oktay et al
2019

Panta et al
2015

Park et al 2019
Peng et al
2012

Peterson et al
2013

Peul et al 2013

Raudner et al
2019

Association between types of Modic changes in the
lumbar region and low back pain in a large cohort: the
Wakayama spine study

Association between types of Modic changes in the
lumbar region and low back pain in a large cohort: the
Wakayama spine study

A comparative study of 2-year follow-up outcomes in
lumbar spinal stenosis patients treated with physical
therapy alone and those with surgical intervention after
less successful physical therapy

Therapeutic Advantages of Frequent Physical Therapy
Sessions for Patients with Lumbar Spinal Stenosis
Longitudinal study of vertebral type-1 end-plate changes
on MR of the lumbar spine

Disc extrusions and bulges in nonspecific low back pain
and sciatica: Exploratory randomised controlled trial
comparing yoga therapy and normal medical treatment
A prediction model of low back pain risk: a population-
based cohort study in Korea

Endplate Defect Is Heritable, Associated with Low Back
Pain and Triggers Intervertebral Disc Degeneration

P42. When does MRI change management of pediatric
back pain? A predictive scoring system

Management outcomes of lumbar spine degenerative
diseases: Comparing operative versus non-operative
treatments using Swiss spine stenosis scoring

Predicting Factors at Skeletal Maturity for Curve
Progression and Low Back Pain in Adult Patients Treated
Nonoperatively for Adolescent Idiopathic Scoliosis with
Thoracolumbar/Lumbar Curves

Spontaneous Regression of Lumbar Disc Herniations: A
Retrospective Analysis of 5 Patients

Morphological Changes in Degenerative Disc Disease on
Magnetic Resonance Imaging: Comparison Between
Young and Elderly

Predictors of Response to a Medial Branch Block: MRI
Analysis of the Lumbar Spine

Prospective Clinical Study on Natural History of
Discogenic Low Back Pain at 4 Years of Follow-up
Symptomatic magnetic resonance imaging—confirmed
lumbar disk herniation patients: a comparative
effectiveness prospective observational study of 2 age-
and sex-matched cohorts treated with either high-velocity,
low-amplitude spinal manipulative therapy or imaging-
guided lumbar nerve root injections

In patients with sciatica, MRI at 1 year did not
differentiate between a favorable or unfavorable outcome
Prediction of Lumbar Disk Herniation and Clinical
Outcome Using Quantitative Magnetic Resonance
Imaging

A 5-Year Follow-Up Study

Not prospective

Not a prospective
study

No comparison MRI
finding used

No association

No comparison MRI
finding used

No association

No MRI at baseline
No association
Abstract only

No MRI at baseline

No comparison MRI
finding used

Not a prospective
study

No LBP outcome at
follow-up

No LBP outcome at
follow-up
No MRI at baseline

No comparison MRI
finding used

Abstract only

No outcome measure
used
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92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

Sairyo et al
2016

Schistad et al
2019
Schneider et al
2016

Schroeder et al
2016

Shimozaki et
al 2018

Shin et al 2014

Shin et al 2016

Shokri et al
2018

Smith et al
2021

Smith et al
2014

Smuck et al
2021

Son et al 2021

Suri et al 2012

Suri et al 2014

Svanbergsson
etal 2017

Tavares et al
2021

State-of-the-art management of low back pain in athletes:
Instructional lecture

Five-year development of lumbar disc degeneration—a
prospective study

Exploratory analysis of clinical predictors of outcomes of
nonsurgical treatment in patients with lumbar spinal
stenosis

The role of intense athletic activity on structural lumbar
abnormalities in adolescent patients with symptomatic
low back pain

Incidence rates and characteristics of abnormal lumbar
findings and low back pain in child and adolescent
weightlifter: A prospective three-year cohort study

The long-term course of patients undergoing alternative
and integrative therapy for lumbar disc herniation: 3-year
results of a prospective observational study

Long-Term Course of Alternative and Integrative
Therapy for Lumbar Disc Herniation and Risk Factors for
Surgery

Spinal manipulation in the treatment of patients with
MRI-confirmed lumbar disc herniation and sacroiliac
joint hypomobility: a quasi-experimental study

The Association Between Different Trajectories of Low
Back Pain and Degenerative Imaging Findings in Young
Adult Participants within The Raine Study

Operative and Nonoperative Treatment Approaches for
Lumbar Degenerative Disc Disease Have Similar Long-
Term Clinical Outcomes Among Patients with Positive
Discography

Prospective, randomized, multicenter study of
intraosseous basivertebral nerve ablation for the treatment
of chronic low back pain: 12-month results

Disc height discrepancy between supine and standing
positions as a screening metric for discogenic back pain
in patients with disc degeneration

Recurrence of Radicular Pain or Back Pain After
Nonsurgical Treatment of Symptomatic Lumbar Disk
Herniation

Longitudinal associations between incident lumbar spine
MRI findings and chronic low back pain or radicular
symptoms: retrospective analysis of data from the
longitudinal assessment of imaging and disability of the
back (LAIDBACK)

Magnetic resonance imaging in the diagnosis of lumbar
spine pain: Utilization, relationship to symptoms and
effects on treatment

Intradiscal glucocorticoids injection in chronic low back
pain with active discopathy: A randomized controlled
study

Not a prospective
study

No LBP outcome at
follow-up

No LBP outcome at
follow-up

No LBP outcome at
follow-up

No association
Not enough data for
association

Not enough data for
association

Not a prospective
study

Not prospective

MRI not used

No comparison MRI
finding used

No LBP outcome at
follow-up

No association
reported (Leg pain
not LBP)

No appropriate
outcome measure

No MRI at baseline

No MRI at baseline
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108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

Toyooka et al
2019

Udby et al
2019

Udby et al
2019

Udby et al
2020
Vagaka et al
2019

van den Berg
etal 2019
van den Berg
et al 2020

Wang et al
2018

Yamada et al
2014

Yamada et al
2021

Yang et al
2016
Yeetal 2015

Yokoe et al
2021
Yuetal 2016

Zhao et al
2020

Zhou et al
2018

High incidence rate of lumbar spinal disease among child
and adolescent weightlifting athletes: A prospective 4-
year cohort study

Modic Changes Are Not Associated with Long-term Pain
and Disability: A Cohort Study With 13-year Follow-up
148. Which MRI findings are associated with long-term
disability in low back pain patients?

The Association of MRI Findings and Long- Term
Disability in Patients with Chronic Low Back Pain

Do lumbar magnetic resonance imaging changes predict
neuropathic pain in patients with chronic non-specific low
back pain?

Lumbar disc degeneration is longitudinally associated
with low back pain presence in older adults

Clinical and radiographic features of spinal osteoarthritis
predict long-term persistence and severity of back pain in
older adults

Factors associated with lumbar disc high- intensity zone
(HIZ) on T2-weighted magnetic resonance image: a
retrospective study of 3185 discs in 637 patients
Targeted therapy of low back pain associated with de
novo degenerative lumbar scoliosis in the elderly:
Prospective observation cohort study

Long-term outcome of targeted therapy for low back pain
in elderly degenerative lumbar scoliosis

The association between back pain and level of lumbar
spine according to Modic changes among Korean
Comparison of lumbar spine stabilization exercise versus
general exercise in young male patients with lumbar disc
herniation after 1 year of follow-up

Predictors of Spondylolysis on Magnetic Resonance
Imaging in Adolescent Athletes with Low Back Pain

The Use of Lumbar Spine Magnetic Resonance Imaging
in Eastern China: Appropriateness and Related Factors
Long-Term Outcomes of Epidurals with Lidocaine with
or Without Steroids for Lumbar Disc Herniation and
Spinal Stenosis: A Meta-Analysis

Clinical efficacy of calcitonin compared to diclofenac
sodium in chronic nonspecific low back pain with type I
Modic changes: a retrospective study

Abstract only

Group received
surgery
Abstract only

No association

Not a prospective
study

Abstract only

MRI not used

No LBP outcome at
follow-up

Abstract only

No comparison MRI
finding used
Abstract only

Not a prospective
study

No MRI at baseline

No LBP outcome at
follow-up

Not a prospective
study

No comparison MRI
finding used

LBP = low back pain, MRI = magnetic resonance imaging
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Appendix 3. All associations between MRI findings and clinical outcomes in all populations.

Study Exposure Comparison Clinical outcome (follow-up duration) Difference in means
(95% CI) unless
indicated

Populations with current LBP

Kleinstuck et Disc bulge No disc bulge Average pain in the past 2 wks (VAS, 0 to 10) (3 mo) 0.08 (p = 0.60)>P

al 2006

Kleinstuck et Disc bulge No disc bulge Average pain in the past 2 wks (VAS, 0 to 10) (12 mo) 0.19 (p =0.15)2P

al 2006

Kleinstuck et Disc bulge No disc bulge Worst pain in the last 2 wks (VAS, 0 to 10) (3 mo) 0.05 (p =0.76)*°

al 2006

Kleinstuck et Disc bulge No disc bulge Worst pain in the last 2 wks (VAS, 0 to 10) (12 mo) 0.13 (p =0.42) 2P

al 2006

Kleinstuck et Disc bulge No disc bulge RMDQ (3 mo) 0.21 (p =0.10) 2P

al 2006

Kleinstuck et Disc bulge No disc bulge RMDQ (12 mo) 0.22 (p=0.11)2b

al 2006

de Schepper et  Disc bulge No disc bulge Recovery (GPE) (1y) 1.3 (0.9 to 1.8) (OR)

al 2016
Kleinstuck et
al 2006
Kleinstuck et
al 2006
Kleinstuck et
al 2006
Kleinstuck et
al 2006
Jensen et al
2015

Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration

Disc degeneration
(severe)

No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration

No disc degeneration

Average pain in the past 2 wks (VAS, 0 to 10) (3 mo)
Worst pain in the last 2 wks (VAS, 0 to 10) (3 mo)
Average pain in the past 2 wks (VAS, 0 to 10) (12 mo)
Worst pain in the last 2 wks (VAS, 0 to 10) (12 mo)

Change in NRS (14 mo)

0.10 (p = 0.57) %>
0.17 (p=0.37) 2>
~0.18 (p = 0.25) 2"
~0.13 (p = 0.49)

0.0 (1.5 to 1.5)%¢
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Jensen et al
2014

McNee et al
2011

McNee et al
2011

McNee et al
2011

Kasch et al
2021a
Kleinstuck et
al 2006
Kleinstuck et
al 2006
Jensen et al
2014
Caietal 2018

Udby et al
2021

Suri et al 2016
Suri et al 2016
Kerr et al 2015
Kerr et al 2015
Jensen et al
2014

Kasch et al
2021a

Jensen et al
2014

Hellum et al
2012

Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
(severe)

Disc degeneration
Disc extrusion
Disc extrusion
Disc extrusion
Disc extrusion
Disc height reduction
Disc height loss

Disc height reduction

Disc height reduction
(rehab group)

No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
Disc degeneration (mild)
No disc degeneration
No disc extrusion

No disc extrusion

Disc protrusion

Disc sequestration

No disc height reduction
No disc height loss

No disc height reduction

No disc height reduction

Pain (LBP rating scale) (1 y)

LBP in past 4 wks (18.5 mo)

LBP on > 14 d in past 4 wks (18.5 mo)

Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)

Pain (NRS) (6 y)

RMDQ (3 mo)

RMDQ (12 mo)

Disability (RMDQ) (1 y)
Change in VAS (LBP) (6 mo)
Disability (RMDQ) (13 y)
LBP recurrence (4 y)

Leg pain recurrence (4 y)
change in ODI (8 y)

change in ODI (8 y)
Pain (LBP rating scale) (1 y)

Pain (NRS) (6 y)
Disability (RMDQ) (1 y)

ODI (2 y)

8.1 (-1.2 to 18.1)
1.6 (0.9 to 2.8) (OR)
1.7 (1.0 to 2.9) (OR)
2.3 (1.3 to 4.0) (OR)
4.7(0.3t09.1)
0.05 (p = 0.73)*
~0.24 (p = 0.15)"
10.4 (=9.6 t0 29.7)
8.5 (-23.4 10 6.4)
0.06 (p = 0.41)¢

1.0 (0.6 to 1.6) (HR)
0.7 (0.5 to 1.2) (HR)
2.4 (-5.2 0 0.4)¢
1.2 (-3.6 to 6.0)¢
43 (-4.7 to 13.4)
4.8 (-10.2 t0 0.5)
5.3 (-11.6 t0 22.2)

1.4 (0.5 to 4.2) (OR)
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Hellum et al
2012

Jensen et al
2015

Modic et al
2005

de Schepper et
al 2016

de Schepper et
al 2016
Kesikburun et
al 2019
Kesikburun et
al 2019
Kesikburun et
al 2019

Jensen et al
2014

Kasch et al
2021a
Jensen et al
2014

Kesikburun et
al 2019
Kesikburun et
al 2019
Kesikburun et
al 2019
Suri et al 2016

Disc height reduction
(surgery group)

Disc herniation (large)
Disc herniation

Disc herniation

Disc herniation

Disc herniation (non-
regression)

Disc herniation (non-
regression)

Disc herniation (partial

regression)

Disc herniation
(protrusion, extrusion,
sequestration)

Disc herniation

Disc herniation
(protrusion, extrusion,
sequestration)

Disc herniation (non-
regression)

Disc herniation (non-
regression)

Disc herniation (partial

regression)
Disc herniation
(posterolateral)

No disc height reduction
No large disc herniation
No disc herniation
No disc herniation
No disc herniation

Disc herniation (complete
regression)

Disc herniation (partial
regression)

Disc herniation (complete
regression)

No disc herniation

No disc herniation

No disc herniation

Disc herniation (complete
regression)

Disc herniation (partial
regression)

Disc herniation (complete
regression)

Other disc herniation

ODI (2y)

Change in NRS (14 mo)
RMDQ (6 wks)
Recovery (GPE) (1y)
Recovery (GPE) (1y)
NRS (17 mo)

NRS (17 mo)

NRS (17 mo)

Pain (LBP rating scale) (1 y)

Pain (NRS) (6 y)

Disability (RMDQ) (1 y)

ODI (17 mo)
ODI (17 mo)
ODI (17 mo)

LBP recurrence (4 y)

1.0 (0.4 to 2.9) (OR)
0.7 (-0.8 to 2.2)c¢
2.7 (14 to 5.1) (OR)f
0.5 (0.3 t0 0.7) (OR)
1.6 (1.1 to 2.6) (OR)z
18.0 (2.1 to 38.1)
11.0 (~12.1 to 34.1)
7.0 (-10.8 to 24.8)

11.2 (0.7 to 23.0)

7.0 (-16.3 to 2.4)

22.0 (-0.2 to 44.2)

14.2 (-4.9 to 33.3)
9.8 (~13.4 to 33.0)
4.4 (~12.1 t0 20.9)

0.7 (0.4 to 1.1) (HR)
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Suri et al 2016
Suri et al 2016
Kerr et al 2015

Kuligowski et
al 2020
Kuligowski et
al 2020
Kuligowski et
al 2020
Kuligowski et
al 2020

Kerr et al 2015
Suri et al 2016
Suri et al 2016
Hellum et al
2012

Hellum et al
2012

Udby et al
2021

Jensen et al
2014

Jensen et al
2014

Kasch et al
2021a
Kleinstuck et
al. 2006

Disc herniation
(posterolateral)
Disc herniation
(posterolateral)
Disc herniation
(posterolateral)
Disc protrusion

Disc protrusion
Disc protrusion
Disc protrusion

Disc sequestration

Disc sequestration

Disc sequestration

Facet joint arthropathy
grade 2/3 (rehab group)
Facet joint arthropathy
grade 2/3 (surgery group)
Facet joint degeneration

Osteophytes
Osteophytes
Hypertrophy ligamentus

flava
High-intensity zone

Other disc herniation
Other disc herniation

Disc herniation (other
herniation location)
Disc extrusion

Disc extrusion
Disc extrusion
Disc extrusion

Disc protrusion

No disc sequestration

No disc sequestration

No facet joint arthropathy
grade 2/3

No facet joint arthropathy
grade 2/3

No facet joint degeneration

No osteophytes

No osteophytes

No hypertrophy ligamentus

flava
No high-intensity zone

Leg pain recurrence (4 y)
Leg pain recurrence (4 y)
change in ODI (8 y)

NRS (1 mo)

NRS (1 mo)

ODI (1 mo)

ODI (1 mo)

change in ODI (8 y)

LBP recurrence (4 y)

Leg pain recurrence (4 y)
ODI 2y)

ODI (2y)

Disability (RMDQ) (13 y)
Pain (LBP rating scale) (1 y)
Disability (RMDQ) (1 y)
Pain (NRS) (6 y)

Average pain in the past 2 wk (VAS, 0 to 10) (3 mo)

0.6 (0.4 t0 0.9) (HR)
0.6 (0.4 to 1.0) (HR)"
3.7 (6.4 to —1.0)°
30.00 (not reported)
1.80 (p = 0.06)!

2.50 (p=0.01)!
18.00 (not reported)
3.6 (-8.4to 1.2)°
0.6 (0.2 to 1.4) (HR)
0.9 (0.4 t0 1.9) (HR)
1.3 (0.3 t0 5.3) (OR)
0.9 (0.2 t0 3.9) (OR)
~0.02 (p = 0.80)
-1.8(-9.51t05.9)
—0.5 (-14.8 to 13.8)
8.4 (-3.71t020.4)

~0.14 (p = 0.35)>b
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Kleinstuck et
al. 2006
Kleinstuck et
al. 2006
Kleinstuck et
al. 2006
Jensen et al
2014

Kasch et al
2021a

Jensen et al
2014
Kleinstuck et
al 2006
Kleinstuck et
al 2006
Wilkens et al
2013
Wilkens et al
2013

Hellum et al
2012

Hellum et al
2012

Annen et al
2016
Peterson et al
2014

Annen et al
2018

High-intensity zone
High-intensity zone
High-intensity zone
High-intensity zone
High-intensity zone
High-intensity zone
High-intensity zone
High-intensity zone
High-intensity zone
High-intensity zone

High-intensity zone

(posterior) (rehab group)

High-intensity zone
(posterior) (surgery
group)

Modic type 1 and 2
Modic type 1 and 2

Modic type 1 and 2

No high-intensity zone

No high-intensity zone

No high-intensity zone

No high-intensity zone

No high-intensity zone

No high-intensity zone

No high-intensity zone

No high-intensity zone

No high-intensity zone

No high-intensity zone

No posterior high-intensity
zone

No posterior high-intensity
zone

No Modic

No Modic

No Modic

Average pain in the past 2 wks (VAS, 0 to 10) (12 mo)
Worst pain in the last 2 wks (VAS, 0 to 10) (3 mo)
Worst pain in the last 2 wks (VAS, 0 to 10) (12 mo)
Pain (LBP rating scale) (1 y)

Pain (NRS) (6 y)

Disability (RMDQ) (1 y)

RMDQ (3 mo)

RMDQ (12 mo)

Disability (RMDQ) (1 y)

Disability (RMDQ) (1 y)

ODI (2y)

ODI (2 )

NRS (LBP) (1 mo)
NRS (1 mo)

Pain (NRS) (1 mo)

~0.38 (p = 0.01)*
~0.04 (p = 0.80)*
~0.21 (p = 0.19)*
42 (—4.2 o 12.6)
~0.3 (4.3 10 3.8)
5.0 (-9.5 to 19.4)
~0.20 (p = 0.12)%
~0.08 (p = 0.59)"
~1.1(?)

3.3 (-8.1to 1.5)
0.6 (0.2 to 1.8) (OR)

1.6 (0.7 to 3.7) (OR)

3.0 (~16.6 to 10.6)
7.3 (1.1 to 13.5)

-1.8(-1491t0 11.3)
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Annen et al
2018
Annen et al
2016

Chen et al
2019

Chen et al
2019
Annen et al
2016
Annen et al
2016
Jensen et al
2014
Jensen et al
2014
Jensen et al
2014

el Barzouhi et

al 2014
Romero-
Muiioz et al
2017

Chen et al
2019

Chen et al
2019

Chen et al
2019
Annen et al
2016

Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2

Modic type 1 and 2

Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2

Modic type 1 and 2

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

Pain (NRS) (3 mo)

NRS (LBP) (3 mo)

VAS (3 mo)

VAS (6 mo)

NRS (LBP) (6 mo)

NRS (LBP) (1 y)

Pain (LBP rating scale) (1 y)

Pain (LBP rating scale) (1 y)

Pain (LBP rating scale) (1 y)
Disabling LBP >40/100 mm (1 y)

VAS (LBP) (10 y)

VAS (Improvement rate % from baseline to 3 mo)
VAS (Improvement rate % from 3 to 6 mo)
VAS (Improvement rate % from baseline to 6 mo)

NRS (Leg pain) (1 mo)

1.3 (122 to 14.8)
0.7 (-13.2 to 14.6)

8.0 (4.51t0 11.5)

6.3 (2.8 10 9.8)

2.0 (-15.3t0 11.3)
3.7 (-19.5 to 12.1)
~18.0 (-29.2 to —6.8)
~17.3 (-28.6 t0 —5.9)!
~12.1 (-22.8 to—1.4)"
1.4 (0.3 to 6.3) (OR)

—-1.0 (-14.3 to 12.3)

-12.5%
4.8%
—9.7%

4.6 (—10.0 to 19.2)

228



Annen et al
2016
Annen et al
2016
Annen et al
2016
Romero-
Murioz et al
2017
Annen et al
2016
Annen et al
2016

Chen et al
2019

Chen et al
2019
Annen et al
2016
Annen et al
2016
Jensen et al
2014
Jensen et al
2014
Jensen et al
2014
Hellum et al
2012
Hellum et al
2012

Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2

Modic type 1 and 2

Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2

(rehab group)
Modic type 1 and 2

(surgery group)

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

NRS (Leg pain) (3 mo)
NRS (Leg pain) (6 mo)
NRS (Leg pain) (1 y)

VAS (Leg pain) (10 y)

ODI (1 mo)
ODI (3 mo)
ODI (3 mo)
ODI (6 mo)
ODI (6 mo)

ODI (1)

Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)

Disability (RMDQ) (1 y)

ODI (2 )

ODI (2 y)

2.7 (~12.9 to 18.3)
10.0 (4.5 to 24.5)
7.1 (-8.0 t0 22.2)

0.0 (—15.4 to 15.4)

8.4 (0.6 to 17.3)
10.1 (0.3 to 20.0)
3.8(2.0t05.7)

2.9 (0.9 to 4.8)

15.3 (6.3 to 24.3)

7.3 (-3.5 to 18.0)
~45.4 (-66.7 to 24.1)
~45.8 (—67.1 to —24.5)!
~39.1 (-60.8 to —17.5)™
1.0 (0.3 to 3.5) (OR)

1.1 (0.3 to 4.0) (OR)
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Romero-
Munoz 2017
Chen et al
2019

Chen et al
2019

Chen et al
2019
Peterson et al
2014

Annen et al
2018

Annen et al
2018

Annen et al
2016

Annen et al
2016

Annen et al
2016

Annen et al
2016
Peterson et al
2014

Annen et al
2018

Annen et al
2018
Kleinstuck et
al 2006
Kleinstuck et
al 2006

Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2
Modic type 1 and 2

Modic type 1 and 2

Modic type 1 and/or 2

Modic type 1 and/or 2

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

ODI (10y)

ODI (Improvement rate % from baseline to 3 mo)
ODI (Improvement rate % from 3 to 6 mo)

ODI (Improvement rate % from baseline to 6 mo)
PGIG (1 mo)

Improvement (PGIC) (1 mo)

Improvement (PGIC) (3 mo)

Recovery (PGIC) (1 mo)

Recovery (PGIC) (3 mo)

Recovery (PGIC) (6 mo)

Recovery (PGIC) (1y)

Recovery (PGIC) (1 mo)

Bournemouth Questionnaire (1 mo)
Bournemouth Questionnaire (3 mo)

Average pain in the past 2 wks (VAS, 0 to 10) (3 mo)

Average pain in the past 2 wks (VAS, 0 to 10) (12 mo)

~13.2 (269 10 0.5)
-9.0%

4.4%

~6.8%

5.1 (0.2 to 10.1)

1.1 (0.4 to 2.7) (OR)
1.3 (0.5 to 3.3) (OR)
0.8 (0.3 t0 2.3) (OR)
1.6 (0.4 to 6.8) (OR)
1.7 (0.3 t0 9.5) (OR)
6.3 (0.7 to 54.6) (OR)
1.6 (1.0 to 2.4) (OR)
5.4 (~12.4 to 1.6)
3.9 (-10.9 to 3.1)
~0.25 (p = 0.16)*

0.17 (p = 0.26)*°
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Kleinstuck et
al 2006
Kleinstuck et
al 2006
Kleinstuck et
al 2006
Kleinstuck et
al 2006
Jensen et al
2014

Jensen et al
2014

Hellum et al
2012

Hellum et al
2012
Wilkens et al
2013
Wilkens et al
2013

Annen et al
2016

Annen et al
2018
Schistad et al
2014

Annen et al
2016

Annen et al
2018

Chen et al
2019

Modic type 1 and/or 2
Modic type 1 and/or 2
Modic type 1 and/or 2

Modic type 1 and/or 2

Modic changes (type 1,

or type 1 and 2)

Modic changes (type 1,

or type 1 and 2)

Modic type 1 or 2 (rehab

group)
Modic type 1 or 2

(surgery group)
Modic type 1, 2, or 3
Modic type 1, 2, or 3
Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

Worst pain in the last 2 wks (VAS, 0 to 10) (3 mo)
Worst pain in the last 2 wks (VAS, 0 to 10) (12 mo)
RMDQ (3 mo)

RMDQ (12 mo)

Pain (LBP rating scale) (1 y)

Disability (RMDQ) (1 y)

ODI 2y)

ODI 2y)

Disability (RMDQ) (1 y)

Disability (RMDQ) (1 y)

NRS (LBP) (1 mo)

Pain (NRS) (1 mo)

Pain (VAS) (6 wks)

NRS (LBP) (3 mo)

Pain (NRS) (3 mo)

VAS (3 mo)

~0.27 (p = 0.15)"
0.20 (p = 0.28)*
0.10 (p = 0.50)*
0.20 (p = 0.23)*
9.8 (-16.7 to —2.9)
~14.6 (-27.8 to —1.4)
3.4 (0.6 to 17.7) (OR)
5.3 (1.1t0 25.3) (OR)
3.8 (-3.0to 10.7)

1.9 (-4.9 to 8.7)F
8.5 (-26.5 10 9.5)
7.4 (-21.110 6.3)
6.0 (-6.3 to 18.3)
4.0 (-22.6 to 14.6)
~1.6 (-16.2 to 13.0)

5.0 (1.4 1o 8.6)
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Chen et al
2019
Schistad et al
2014
Annen et al
2016
Caietal 2018
Annen et al
2016
Schistad et al
2014
Keller at al
2012
Keller at al
2012
Keller at al
2012
Jensen et al
2014
Jensen et al
2014
Jensen et al
2014
Jensen et al
2015
Jensen et al
2015
Jensen et al
2015
Jensen et al
2015

Modic type 1
Modic type 1
Modic type 1

Modic type 1
Modic type 1

Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1

Modic type 1 (exercise
group)

Modic type 1 (large >25

(rest + exercise group)
Modic type 1 (large)
(exercise group)

No Modic

No Modic

No Modic

No Modic
No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

VAS (6 mo)
Pain (VAS) (6 mo)
NRS (LBP) (6 mo)

Change in VAS (LBP) (6 mo)
NRS (LBP) (1y)

Pain (VAS) (1y)

Pain at rest during previous wk (NPRS, 0 to 10) (12 mo)
Pain at activity during previous wk (NPRS, 0 to 10) (12
gla(ﬁl at rest during previous wk (NPRS, 0 to 10) (12 mo)
Pain (LBP rating scale) (1 y)

Pain (LBP rating scale) (1 y)

Pain (LBP rating scale) (1 y)

Change in NRS (14 mo)

Change in NRS (14 mo)

Change in NRS (14 mo)

Change in NRS (14 mo)

2.0 (-2.4 t0 6.4)
7.0 (5.3 t0 19.3)
“1.5(-19.3 to 16.3)

0.3 (~15.7 to 16.3)
4.5 (-25.9 t0 16.9)

1.0 (~12.0 to 14.0)
2.0 (-6.2 to 10.3)

1.0 (0.8 to 1.2) (HR)
0.9 (0.8 to 1.1) (HR)
~14.5 (-27.2 to —1.8)
~14.2 (-27.0 to —1.3)!
~11.0 (-23.7 to 1.7)™
~1.8 (-3.4 to —0.2)¢
17.8 (2.6 to 33.0)

7.0 (2.7 to 16.7)

0.7 (~14.6 to 13.2)
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Jensen et al
2015
Jensen et al
2015
Jensen et al
2015
Jensen et al
2012
Jensen et al
2012

el Barzouhi et
al 2014
Kasch et al
2021a
Romero-
Murioz et al
2017
Annen et al
2016
Annen et al
2016
Annen et al
2016
Annen et al
2016
Romero-
Muiioz et al
2017

Chen et al
2019

Chen et al
2019

Modic type 1 (large) (rest

group)

Modic Type 1 (rest +
exercise group)
Modic type 1 (rest group)

Modic type 1
Modic type 1
Modic type 1
Modic type 1

Modic type 1

Modic type 1
Modic type 1
Modic type 1
Modic type 1

Modic type 1

Modic type 1

Modic type 1

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

Change in NRS (14 mo)
Change in NRS (14 mo)

Change in NRS (14 mo)

Worsening of LBP intensity (NPRS, 0 to 10) (14 mo)

Change in LBP intensity (NPRS, 0 to 10) (14 mo)
Disabling LBP >40/100 mm (1 y)
Pain (NRS) (6 y)

VAS (LBP) (10 y)

NRS (Leg pain) (1 mo)
NRS (Leg pain) (1 y)

NRS (Leg pain) (3 mo)
NRS (Leg pain) (6 mo)

VAS (Leg pain) (10 y)

VAS (Improvement rate % from baseline to 3 mo)

VAS (Improvement rate % from 3 to 6 mo)

14.3 (0.8 to 27.9)
22.8 (12.2 to 33.4)
27.8 (12.8 to 42.8)
6.2 (1.9 t0 20.3) (OR)
1.0 (0.4 to 2.4) (OR)
1.5 (0.1 to 16.0) (OR)
3.0 (-13.4 to 7.4)

5.0 (-23.6 to 13.6)

6.4 (-24.8 t0 12.0)
4.8 (-24.8 10 15.2)
8.0 (-27.9t0 11.9)
4.1 (-14.8 to 23.0)

11.0 (-9.7 to 31.7)

—7.2%

9.6%
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Chen et al
2019
Annen et al
2016
Annen et al
2016

Chen et al
2019

Chen et al
2019
Annen et al
2016
Annen et al
2016
Wilkens et al
2013
Wilkens et al
2013
Jensen et al
2014
Jensen et al
2014
Jensen et al
2014
Romero-
Muiioz et al
2017
Keller at al
2012
Keller at al
2012

Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1

Modic type 1

Modic type 1

Modic type 1

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

VAS (Improvement rate % from baseline to 6 mo)
ODI (1 mo)

ODI (3 mo)

ODI (3 mo)

ODI (6 mo)

ODI (6 mo)

ODI (1y)

Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)

ODI (10 y)

ODI (12 mo)

Disability (ODI Norwegian version, 0 to 100) (12 mo)

~2.6%
5.7(-5.8t0 17.2)

9.3 (-2.2 t0 20.9)

0.8 (-1.2 t0 2.8)
~1.4 (-3.5100.7)
15.5 (5.3 t0 25.7)
2.9 (-10.6 to 16.5)
5.2 (-13.8 t0 3.4)
4.5 (-12.8 t0 3.9)F
22,5 (-47.1t0 2.1)
~21.0 (—45.8 t0 3.8)'
~19.5 (-46.3 to 7.1)™

8.6 (~26.0 o 8.8)

0.6 (4.1 to 5.2)

1.0 (1.0 to 1.0) (HR)
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Hellum et al
2012
Hellum et al
2012

Chen et al
2019

Chen et al
2019

Chen et al
2019

Udby et al
2021

Udby et al
2021
Annen et al
2016
Annen et al
2018
Annen et al
2018
Annen et al
2016
Annen et al
2016
Annen et al
2016
Annen et al
2018
Annen et al
2018
Keller at al
2012

Modic type 1 (rehab

group)
Modic type 1 (surgery

group)

Modic type 1

Modic type 1

Modic type 1

Modic change (1,2,3)
Modic change (1,2,3)
Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic change

No Modic change

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

ODI (2 )

ODI (2 y)

ODI (Improvement rate % from baseline to 3 mo)

ODI (Improvement rate % from 3 to 6 mo)

ODI (Improvement rate % from baseline to 6 mo)

Disability (RMDQ) (13 y)
Disability (RMDQ) (13 y)
Recovery (PGIC) (1 mo)
Improvement (PGIC) (1 mo)
Improvement (PGIC) (3 mo)
Recovery (PGIC) (3 mo)

Recovery (PGIC) (6 mo)

Recovery (PGIC) (1y)
Bournemouth Questionnaire (1 mo)
Bournemouth Questionnaire (3 mo)

Education (University education) (12 mo)

0.7 (0.2 to 1.9) (OR)
2.0 (0.7 t0 6.2) (OR)
-3.1%

—11.6%

1.9%

0.31 (not reported) (R?)
0.15 (p = 0.03)¢

2.1 (0.6 to 7.3) (OR)
1.1 (0.4 to 3.4) (OR)
1.3 (0.4 t0 3.8) (OR)
2.1 (0.4 t0 11.9) (OR)
1.6 (0.2 to 13.0) (OR)
20.3 (2.1t0 193.9)
(OR)

8.2 (=16.9 t0 0.5)

-3.0 (-11.3t0 5.3)

2.2 (1.0 to 4.7) (HR)
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Keller at al
2012
Keller at al
2012
Jensen et al
2015
Jensen et al
2015
Jensen et al
2015
Jensen et al
2015
Jensen et al
2015

Annen et al
2016
Annen et al
2018
Annen et al
2018

Chen et al
2019
Annen et al
2016

Chen et al
2019
Annen et al
2016
Annen et al
2016

Modic type 1
Modic type 1
Modic (large) (exercise

group)
Modic (large) (rest

group)
Large Modic change (any

type of MC)

Large Modic Type 1
Modic (large > 25% of
vertebral height) (rest +
exercise group)

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

Modic type 1

No Modic

No Modic

Modic (small) (exercise
group)

Modic (small) (rest group)
Small Modic change (any
type of MC)

No large Modic Type 1
Modic (small <25% of
vertebral height) (rest +
exercise group)

Modic type 2

Modic type 2

Modic type 2

Modic type 2

Modic type 2

Modic type 2

Modic type 2

Modic type 2

FABQ-PA (12 mo)
FABQ-work (12 mo)
Change in NRS (14 mo)
Change in NRS (14 mo)
Change in NRS (14 mo)
Change in NRS (14 mo)

Change in NRS (14 mo)

NRS (LBP) (1 mo)
Pain (NRS) (1 mo)
Pain (NRS) (3 mo)
VAS (3 mo)

NRS (LBP) (3 mo)
VAS (6 mo)

NRS (LBP) (6 mo)

NRS (LBP) (1 y)

1.0 (1.0 to 1.1) (HR)
1.0 (0.9 to 1.0) (HR)
~12.3 (-27.4 10 2.8)
2.5 (-12.2t0 17.2)
1.2 (-0.4 to 2.8)<
0.1 (-1.4 to 1.6)b*

4.7 (~15.2 10 5.8)

9.4 (-33.8 t0 15.0)
~11.1 (-30.1 to 7.9)
5.7 (-22.9to0 11.5)
5.0 (-9.8 to -0.2)

7.7 (=30.0 to 14.6)
~7.0 (-11.6 to —2.4)
0.8 (-19.6 to 21.2)

—1.3 (-28.4 to 25.8)
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el Barzouhi et
al 2014
Romero-
Murioz et al
2017

Chen et al
2019

Chen et al
2019

Chen et al
2019
Annen et al
2016
Annen et al
2016
Annen et al
2016
Annen et al
2016
Romero-
Muiioz et al
2017
Annen et al
2016
Annen et al
2016

Chen et al
2019
Annen et al
2016

Chen et al
2019

Modic type 1

Modic type 1

Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1

Modic type 1

Modic type 1
Modic type 1
Modic type 1
Modic type 1

Modic type 1

Modic type 2

Modic type 2

Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2

Modic type 2

Modic type 2
Modic type 2
Modic type 2
Modic type 2

Modic type 2

Disabling LBP >40/100 mm (1 y)

VAS (LBP) (10 y)

VAS (Improvement rate % from baseline to 3 mo)
VAS (Improvement rate % from 3 to 6 mo)

VAS (Improvement rate % from baseline to 6 mo)
NRS (Leg pain) (1 mo)

NRS (Leg pain) (3 mo)

NRS (Leg pain) (6 mo)

NRS (Leg pain) (1 y)

VAS (Leg pain) (10 y)

ODI (1 mo)
ODI (3 mo)
ODI (3 mo)
ODI (6 mo)

ODI (6 mo)

1.0 (0.1 to 10.1) (OR)

8.0 (-26.6 to 10.6)

8.7%

7.9%

11.7%
—-18.1(—43.3t07.1)
—-18.4(—439t07.1)
—-10.1 (-33.9 to 13.7)
—-18.9 (43.5t05.7)

14.0 (=7.3 to 35.3)

4.4 (-21.1 to 12.4)
~1.3 (-18.3 to 15.6)
5.0 (-7.5 to —2.6)
0.3 (-16.7 to 17.4)

7.0 (-9.4 to —4.6)
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Annen et al
2016
Romero-
Murioz et al
2017

Chen et al
2019

Chen et al
2019

Chen et al
2019

Annen et al
2016

Annen et al
2018

Annen et al
2018

Annen et al
2016

Annen et al
2016

Annen et al
2016

Annen et al
2018

Annen et al
2018

Schistad 2014
Schistad 2014
Schistad 2014

Modic type 1

Modic type 1

Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1
Modic type 1

Modic type 1
Modic type 1

Modic type 2

Modic type 2

Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2 and 3

Modic type 2 and 3
Modic type 2 and 3

ODI (1)

ODI (10 y)

ODI (Improvement rate % from baseline to 3 mo)
ODI (Improvement rate % from 3 to 6 mo)

ODI (Improvement rate % from baseline to 6 mo)

Recovery (PGIC) (1 mo)
Improvement (PGIC) (1 mo)
Improvement (PGIC) (3 mo)
Recovery (PGIC) (3 mo)

Recovery (PGIC) (6 mo)

Recovery (PGIC) (1y)
Bournemouth Questionnaire (1 mo)
Bournemouth Questionnaire (3 mo)
Pain (VAS) (6 wk)

Pain (VAS) (6 mo)
Pain (VAS) (1y)

6.9 (-28.6 to 14.9)

4.0 (-19.0 to 27.0)

9.7%
11.9%

14.3%

2.1 (0.6 to 7.3) (OR)
1.1 (0.3 to 3.6) (OR)
0.9 (0.3 t0 2.9) (OR)
1.2 (0.2 to 6.3) (OR)
1.0 (0.1 to 6.5) (OR)
16.5 (1.7 to 159.1)
(OR)

5.3 (-14.9 to 4.4)
1.7 (-6.9 to 10.3)
8.0 (-1.2to 17.2)

8.0 (~1.0 to 17.0)
0.0 (~10.5 to 10.5)
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Romero-
Murioz et al
2017
Romero-
Murioz et al
2017
Romero-
Murioz et al
2017
Annen et al
2016
Annen et al
2018
Annen et al
2018
Annen et al
2016

Chen et al
2019

Chen et al
2019
Annen et al
2016
Annen et al
2016
Jensen et al
2014
Jensen et al
2014
Jensen et al
2014

Modic type 1

Modic type 1

Modic type 1

Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2

Modic type 2

Modic type 3

Modic type 3

Modic type 3

No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic

No Modic

VAS (LBP) (10 y)

VAS (Leg pain) (10 y)

ODI (10 y)

NRS (LBP) (1 mo)
Pain (NRS) (1 mo)

Pain (NRS) (3 mo)

NRS (LBP) (3 mo)

VAS (3 mo)

VAS (6 mo)

NRS (LBP) (6 mo)

NRS (LBP) (1 y)

Pain (LBP rating scale) (1 y)
Pain (LBP rating scale) (1 y)

Pain (LBP rating scale) (1 y)

18.0 (-47.4 to 83.4)

40.0 (17.5 to 62.5)

38.0 (-40.0 to 116.0)

0.9 (-15.4 to 17.2)
3.7 (-12.6 t0 20.0)
4.1 (-12.8 to 21.0)
3.7 (-14.7 t0 22.1)
10.0 (6.0 to 14.0)
9.0 (5.6 to 12.4)
2.3 (=20.5 to 15.9)
~3.2(-23.2 10 16.8)
6.1 (-13.7 to 1.4)
6.5 (—14.1 t0 1.2)

1.1 (8.3 to 6.1)™
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el Barzouhi et
al 2014
Keller at al
2012
Keller at al
2012
Romero-
Murioz et al
2017

Chen et al
2019

Chen et al
2019

Chen et al
2019
Annen et al
2016
Annen et al
2016
Annen et al
2016
Annen et al
2016
Romero-
Muiioz et al
2017
Annen et al
2016
Annen et al
2016

Chen et al
2019

Modic type 2
Modic type 2
Modic type 2

Modic type 2

Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2

Modic type 2

Modic type 2
Modic type 2

Modic type 2

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

Disabling LBP >40/100 mm (1 y)

Pain at rest during previous wk (NPRS, 0 to 10) (12 mo)
Pain at activity during previous wk (NPRS, 0 to 10) (12
mo)

VAS (LBP) (10 y)

VAS (Improvement rate % from baseline to 3 mo)
VAS (Improvement rate % from 3 to 6 mo)

VAS (Improvement rate % from baseline to 6 mo)
NRS (Leg pain) (1 mo)

NRS (Leg pain) (3 mo)

NRS (Leg pain) (6 mo)

NRS (Leg pain) (1 y)

VAS (Leg pain) (10 y)

ODI (1 mo)
ODI (3 mo)

ODI (3 mo)

1.5 (0.3 to 7.1) (OR)
1.0 (5.1 to 7.6)
0.9 (0.8 to 1.1) (HR)

3.0 (—12.2 to 18.2)

~15.9%
1.7%

~14.3%

11.7 (-5.9 t0 29.3)
10.4 (~9.4 to 30.2)
14.2 (—4.6 to 33.0)
14.1 (=5.0 to 33.2)

-3.0 (-18.9 to 12.9)

10.1 (0.2 to 20.3)
10.7 (1.8 to 23.1)

5.8 (3.8t0 7.8)
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Annen et al
2016

Chen et al
2019

Annen et al
2016

Keller at al.
2012
Wilkens 2013
Wilkens 2013
Jensen et al
2014

Jensen et al
2014

Jensen et al
2014
Hellum et al
2012
Hellum et al
2012
Romero-
Muiioz et al
2017

Chen et al
2019

Chen et al
2019

Chen et al
2019

Annen et al
2016

Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2

Modic type 2 (rehab
group)

Modic type 2 (surgery

group)
Modic type 2

Modic type 2
Modic type 2
Modic type 2

Modic type 2

No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

ODI (6 mo)

ODI (6 mo)

ODI (1y)

ODI (12 mo)

Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)
Disability (RMDQ) (1 y)
ODI (2 y)

ODI (2 y)

ODI (10 y)

ODI (Improvement rate % from baseline to 3 mo)
ODI (Improvement rate % from 3 to 6 mo)
ODI (Improvement rate % from baseline to 6 mo)

Recovery (PGIC) (1 mo)

15.1 (4.7 to 25.6)
5.6 (3.810 7.4)

9.8 (-1.4 to 21.0)
0.5 (-4.1t05.2)

0.2 (-5.1 to 5.5)
2.3 (-7.4t0 2.8)F
~6.3 (-19.5 0 6.9)
~10.4 (-24.5 t0 3.7)"
~5.5(-19.7 to 8.5)"
2.1 (0.7 to 5.9) (OR)
1.3 (0.5 to 3.5) (OR)

~12.6 (-27.1t0 1.9)

-12.8%
—0.3%
-12.3%

1.0 (0.4 to 2.8) (OR)
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Annen et al
2018
Annen et al
2018
Annen et al
2016
Annen et al
2016
Annen et al
2016

Keller at al
2012

Keller at al
2012

Keller at al
2012
Annen et al
2018
Annen et al
2018
Schistad et al
2014
Schistad et al
2014
Schistad et al
2014

Kasch et al
2021a
Romero-
Muiioz et al
2017

Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2
Modic type 2

Modic type 2

Modic type 2 and 3
Modic type 2 and 3
Modic type 2 and 3

Modic type 2 or 3

Modic type 2

No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic
No Modic

Modic type 3

Improvement (PGIC) (1 mo)
Improvement (PGIC) (3 mo)
Recovery (PGIC) (3 mo)

Recovery (PGIC) (6 mo)

Recovery (PGIC) (1y)

Education (University education) (12 mo)
FABQ-PA (12 mo)

FABQ-work (12 mo)

Bournemouth Questionnaire (1 mo)
Bournemouth Questionnaire (3 mo)
Pain (VAS) (6 wks)

Pain (VAS) (6 mo)

Pain (VAS) (1y)

Pain (NRS) (6 y)

VAS (LBP) (10 y)

1.0 (0.4 to 3.0) (OR)
1.4 (0.5 to 4.0) (OR)
1.8 (0.4 to 8.8) (OR)
1.7 (0.3 to 11.4) (OR)
1.2 (0.1 to 20.8) (OR)
2.1 (1.0 to 4.3) (HR)
1.0 (0.9 to 1.1) (HR)
1.0 (0.9 to 1.0) (HR)
2.9 (~10.8 to 4.9)
~4.7 (-13.3 to 4.0)
2.0 (9.0 to 5.0)
~1.0 (-8.1 to 6.1)

1.0 (7.1 t0 9.1)

1.2 (4.1 to 6.4)

26.0 (~64.2 to 116.2)

242



Romero-
Murioz et al
2017
Romero-
Murioz et al
2017
Romero-
Murioz et al
2017
Romero-
Murioz et al
2017
Romero-
Muiioz et al
2017
Kovisto et al
2017

Jarvinen et al
2015
Jarvinen et al
2015

Kovisto et al
2017

Jarvinen et al
2015
Jarvinen et al
2015

Kovisto et al
2017

Modic type 2

Modic type 2

Modic type 3

Modic type 3

Modic type 3

Modic type 1 (placebo
group) (change in
volume of M1)

Modic type 1 (change in
extent of M1)

Modic type 1 (change in
extent of M1)

Modic type 1 (placebo
group) (change in
volume of M1)

Modic type 1 (change in
extent of M1)

Modic type 1 (change in
extent of M1)

Modic type 2 (placebo
group) (change in
volume of M2)

Modic type 3

Modic type 3

No Modic

No Modic

No Modic

Not applicable as change
measure

Not applicable as change
measure
Not applicable as change
measure
Not applicable as change
measure

Not applicable as change
measure
Not applicable as change
measure
Not applicable as change
measure

VAS (Leg pain) (10 y)

ODI (10 y)

VAS (LBP) (10 y)

VAS (Leg pain) (10 y)

ODI (10 y)

Change in LBP intensity (11.9 mo)

NRS (2y)
NRS (2y)

ODI (11.9 mo)

ODI (2 y)
ODI (2 )

Change in LBP intensity (11.9 mo)

26.0 (-5.1to 57.1)

34.0 (=75.5 to 143.5)

—23.0 (63.9t0 17.9)

-29.0 (-74.1 to 16.1)

—46.6 (-87.5t0 -5.7)

0.28 (not reported)l

0.26 (p = 0.04)
—0.19 (p = 0.28)>"

0.32 (not reported)!

0.30 (p = 0.02)
0.53 (p = 0.00)>"

—0.16 (not reported)
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Jarvinen et al
2015
Jarvinen et al
2015

Kovisto et al
2017

Jarvinen et al
2015

Jarvinen et al
2015

Harrison et al
2020

Harrison et al
2020

Harrison et al
2020

Jensen et al
2014

Jensen et al
2014

Modic et al
2005

de Schepper et
al 2016

de Schepper et
al 2016

de Schepper et
al 2016
Konstantinou
etal 2018

Modic type 2 (change in
extent of M2)

Modic type 2 (change in
extent of M2)

Modic type 2 (placebo
group) (change in
volume of M2)

Modic type 2 (change in
extent of M2)

Modic type 2 (change in
extent of M2)

Nerve root compression

Nerve root compression
Nerve root compression
Nerve root impingement
Nerve root impingement
Nerve root compression
Nerve root compression
Nerve root compression
Nerve root compression

Nerve root compression

Not applicable as change
measure

Not applicable as change
measure

Not applicable as change
measure

Not applicable as change
measure

Not applicable as change
measure

No nerve root compression
No nerve root compression
No nerve root compression
No nerve root impingement
No nerve root impingement
No nerve root compression
No nerve root compression
No nerve root compression

No nerve root compression

No nerve root compression
(all patients)

NRS (2y)
NRS (2y)

ODI (11.9 mo)

ODI 2y)

ODI 2y)

NRS (1y)

NRS (3y)

NRS (4 mo)

Pain (LBP rating scale) (1 y)
Disability (RMDQ) (1 y)
RMDQ (6 wks)
Recovery (GPE) (1y)
Recovery (GPE) (1y)
Recovery (GPE) (1y)

RMDQ (4 mo)

—0.24 (p = 0.05)*
—0.19 (p = 0.16)>"

—0.33 (not reported)°

~0.13 (p = 0.30)
~0.14 (p = 0.32)%n
~7.0 (~17.0 to 3.0)
3.0 (-13.0 to 7.0)
3.0 (-13.0 to 7.0)
2.5 (5.5 to 10.4)
2.9 (-11.1 to 16.8)
1.3 (0.7 to 2.5) (OR)'
0.4 (0.3 to 0.6) (OR)
2.2 (1.4 t0 3.5) (OR)z
2.2 (1.4 to 3.4) (OR)P

0.9 (0.4 to 2.0) (OR)
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Konstantinou
etal 2018
Konstantinou
etal 2018
Konstantinou
etal 2018
Konstantinou
etal 2018
Konstantinou
etal 2018
Konstantinou
etal 2018
Konstantinou
etal 2018
Hellum et al
2012

Hellum et al
2012

Jensen et al
2014

Kasch et al
2021a

Jensen et al
2014

Modic et al
2005

de Schepper et
al 2016
Kasch et al
2021a

de Schepper et
al 2016

Nerve root compression
Nerve root compression
Nerve root compression
Nerve root compression
Nerve root compression
Nerve root compression
Nerve root compression
Nucleus pulposus grade
3/4 (rehab group)
Nucleus pulposus grade
3/4 (surgery group)
Spinal stenosis

Spinal stenosis

Spinal stenosis

Spinal stenosis (severe)
Spinal stenosis

Spondylolisthesis

Spondylolisthesis

No nerve root compression
(all patients)

No nerve root compression
(sciatica)

No nerve root compression
(sciatica)

No nerve root compression
(all patients)

No nerve root compression
(all patients)

No nerve root compression
(sciatica)

No nerve root compression
(sciatica)

No nucleus pulposus grade
3/4

No nucleus pulposus grade
3/4

No spinal stenosis

No spinal canal stenosis
No spinal stenosis

No spinal stenosis

No spinal stenosis

No spondylolisthesis

No spondylolisthesis

RMDQ (4 mo)

RMDQ (4 mo)

RMDQ (4 mo)

RMDQ (12 mo)

RMDQ (12 mo)

RMDQ (12 mo)

RMDQ (12 mo)

ODI (2 y)

ODI (2 y)

Pain (LBP rating scale) (1 y)
Pain (NRS) (6 y)
Disability (RMDQ) (1 y)
RMDQ (6 wks)
Recovery (GPE) (1 y)
Pain (NRS) (6 y)

Recovery (GPE) (1y)

0.8 (0.4 to 1.7)% (OR)
1.0 (0.4 t0 2.5) (OR)
0.9 (0.3 t0 2.5)% (OR)
0.9 (0.5 t0 2.0) (OR)
0.9 (0.5 t0 2.0)% (OR)
0.9 (0.4 t0 2.5) (OR)
1.1 (0.4 to 3.3)7 (OR)
1.3 (0.3 to 5.3) (OR)
0.3 (0.0 to 2.4) (OR)
2.7 (6.9 10 12.2)
24 (-7.7102.9)
6.0 (-23.5 to 11.5)
0.4 (0.2 to 1.2) (OR)!
1.1 (0.7 to 2.0) (OR)
~16.6 (—42.4 10 9.1)

1.4 (0.7 to 2.7) (OR)
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Kasch et al
2021a
McNee et al
2011
McNee et al
2011
McNee et al
2011

Kasch et al
2021a
McNee et al
2011
McNee et al
2011
McNee et al
2011
McNee et al
2011
McNee et al
2011
McNee et al
2011

Kasch et al
2021a
McNee et al
2011
McNee et al
2011
McNee et al
2011
McNee et al
2011

Schmorl lesion

1 MRI abnormality

1 MRI abnormality

1 MRI abnormality

1 MRI finding

> 1 MRI abnormality
> 1 MRI abnormality
> 1 MRI abnormality
2 MRI abnormalities

2 MRI abnormalities

2 MRI abnormalities

2 MRI findings

> 2 MRI abnormalities
> 2 MRI abnormalities
> 2 MRI abnormalities

3 MRI abnormalities

No Schmorl lesion
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI finding

No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI abnormality
No MRI finding

No MRI abnormality
No MRI abnormality
No MRI abnormality

No MRI abnormality

Pain (NRS) (6 y)

LBP in past 4 wks (18.5 mo)

LBP on > 14 d in past 4 wks (18.5 mo)

Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)
Pain (NRS) (6 y)

LBP in past 4 wks (18.5 mo)

LBP on > 14 d in past 4 wks (18.5 mo)

Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)
LBP in past 4 wks (18.5 mo)

LBP on > 14 d in past 4 wks (18.5 mo)

Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)
Pain (NRS) (6 y)

LBP in past 4 wks (18.5 mo)

LBP on > 14 d in past 4 wks (18.5 mo)

Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)

LBP in past 4 wks (18.5 mo)

3.6 (-7.6 10 0.4)
0.4 (0.1 to 1.2) (OR)
0.6 (0.2 to 1.6) (OR)
1.0 (0.4 to 3.1) (OR)
0.6 (-5.4104.2)

0.5 (0.2 to 1.3) (OR)
0.8 (0.4 to 1.7) (OR)
1.3 (0.5 to 3.0) (OR)
0.5 (0.2 to 1.3) (OR)
0.6 (0.2 to 1.4) (OR)
1.0 (0.4 t0 2.7) (OR)
~1.9 (-7.8 10 4.0)

0.5 (0.2 to 1.4) (OR)
0.8 (0.4 to 1.8) (OR)
1.3 (0.6 to 3.1) (OR)

0.5 (0.2 to 1.5) (OR)
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McNee et al
2011
McNee et al
2011

Kasch et al
2021a
McNee et al
2011
McNee et al
2011
McNee et al
2011
McNee et al
2011
McNee et al
2011
McNee et al
2011

Kasch et al
2021a
Kasch et al
2021a

3 MRI abnormalities

3 MRI abnormalities

3 MRI findings

> 3 MRI abnormalities
> 3 MRI abnormalities
> 3 MRI abnormalities
4 MRI abnormalities

4 MRI abnormalities

4 MRI abnormalities

4 MRI findings

> 5 MRI findings

No MRI abnormality LBP on > 14 d in past 4 wks (18.5 mo)

No MRI abnormality Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)
No MRI finding Pain (NRS) (6 y)

No MRI abnormality LBP in past 4 wks (18.5 mo)

No MRI abnormality LBP on > 14 d in past 4 wks (18.5 mo)

No MRI abnormality Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)
No MRI abnormality LBP in past 4 wks (18.5 mo)

No MRI abnormality LBP on > 14 d in past 4 wks (18.5 mo)

No MRI abnormality Disabling LBP in past 4 wks (RMDQ > 11) (18.5 mo)
No MRI finding Pain (NRS) (6 y)

No MRI finding Pain (NRS) (6 y)

1.0 (0.4 to 2.3) (OR)
1.0 (0.4 t0 2.7) (OR)
0.4 (-5.5t0 6.3)

0.6 (0.2 to 1.6) (OR)
1.0 (0.4 t0 2.2) (OR)
1.5 (0.6 to 3.8) (OR)
0.7 (0.2 to 2.1) (OR)
1.1 (0.4 t0 2.7) (OR)
2.6 (1.0 to 7.1) (OR)
2.6(~6.7 o 11.8)

3.0 (-9.9 to 3.8)

Populations with no LBP

Hancock et al
2017
Hancock et al
2015
Hancock et al
2017

Kasch et al
2021b

Disc annular tear
Disc annular tear
Disc annular tear

Disc degeneration

No disc annular tear Days to recurrence of activity limiting LBP (1 y)

No disc annular tear LBP recurrence (1 y)

No disc annular tear Days to recurrence of activity limiting LBP (1 y)

No disc degeneration Pain (NRS) (6 y)

1.3 (0.4 to 3.6) (OR)
1.0 (0.5 to 2.0) (HR)
1.2 (0.5 to 2.7) (HR)

2.6 (-1.31t06.6)
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Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000
Tonosu et al
2017
Elfering et al
2002
Elfering et al
2002
Elfering et al
2002
Elfering et al
2002
Elfering et al
2002
Elfering et al
2002
Elfering et al
2002

Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration
Disc degeneration

Disc degeneration
(worsening)
Disc degeneration
(worsening)
Disc degeneration
(worsening)
Disc degeneration
(worsening)
Disc degeneration
(worsening)
Disc degeneration
(worsening)
Disc degeneration
(worsening)

No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration

Disc degeneration (no
change)
Disc degeneration (no
change)
Disc degeneration (no
change)
Disc degeneration (no
change)
Disc degeneration (no
change)
Disc degeneration (no
change)
Disc degeneration (no
change)

LBP (yes/no) (62 mo)

LBP frequency (once/y) (62 mo)

LBP frequency (<once/mo) (62 mo)

LBP frequency (once/mo) (62 mo)

LBP frequency (every wk) (62 mo)

LBP duration (1 to 7 d) (62 mo)

LBP duration (8 to 30 d) (62 mo)

LBP duration (> 30 d) (62 mo)

Back pain in the past 1 mo (10 ys)

LBP frequency: once/y (Nordic questionnaire) (60 mo)

LBP frequency: < once/mo (Nordic questionnaire) (60

mo)

LBP frequency: once/mo (Nordic questionnaire) (60 mo)
LBP frequency: every wk (Nordic questionnaire) (60 mo)
LBP duration : 1 to 7 d (Nordic questionnaire) (60 mo)
LBP duration : 8 to 30 d (Nordic questionnaire) (60 mo)

LBP duration : > 30 d (Nordic questionnaire) (60 mo)

1.4 (0.4 to 4.6) (OR)
0.5 (0.0 to 6.2) (OR)
0.7 (0.2 t0 2.9) (OR)
4.0 (0.2 to 96.8) (OR)
2.0 (0.2 to 24.7) (OR)
0.4 (0.1 t0 2.6) (OR)
22 (0.4 to 10.4) (OR)
22 (0.2 10 26.7) (OR)
1.3 (0.4 to 4.7) (OR)
2.4(0.1 to 44.5) (OR)
3.6 (0.8 to 17.0) (OR)
2.4(0.1 to 44.5) (OR)
4.9 (0.4 to 62.6) (OR)
1.2 (0.2 to 8.2) (OR)
7.3 (1.2 to 45.3) (OR)

4.9 (0.4 to 62.6) (OR)
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Elfering et al
2002
Hancock et al
2015
Hancock et al
2017
Hancock et al
2017
Hancock et al
2015
Hancock et al
2015

Kasch et al
2021b
Hancock et al
2015
Hancock et al
2017
Hancock et al
2017

Kasch et al
2021b

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Disc degeneration
(worsening)

Disc degeneration score
Pfirrmann > 3

Disc degeneration score
Pfirrmann > 3

Disc degeneration score
Pfirrmann > 3

Disc degeneration score
Pfirrmann > 3

Disc degeneration score
Pfirrmann > 3

Disc height loss

Disc height loss
Disc height loss
Disc height loss
Disc herniation
Disc herniation
Disc herniation
Disc herniation
Disc herniation

Disc herniation

Disc degeneration (no
change)

Disc degeneration score
Pfirrmann < 3

Disc degeneration score
Pfirrmann < 3

Disc degeneration score
Pfirrmann < 3

Disc degeneration score
Pfirrmann < 3

Disc degeneration score
Pfirrmann < 3

No disc height loss

No disc height loss
No disc height loss
No disc height loss
No disc herniation
No disc herniation
No disc herniation
No disc herniation
No disc herniation

No disc herniation

LBP (Nordic questionnaire) (60 mo)

Recurrence of activity limiting LBP (1 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
LBP recurrence (1 y)

LBP recurrence (1 y)

Pain (NRS) (6 y)

LBP recurrence (1 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
Pain (NRS) (6 y)

LBP (yes/no) (62 mo)

LBP frequency (once/y) (62 mo)

LBP frequency (< once/mo) (62 mo)

LBP frequency (once/mo) (62 mo)

LBP frequency (every wk) (62 mo)

2.9(0.8 to 10.3) (OR)
23 (0.3 to 18.3) (HR)'
4.1 (0.5 t0 35.9) (OR)
3.6 (0.5 t0 26.2) (HR)
2.6 (0.6 to 10.6) (HR)
1.9 (0.4 to 8.5) (HRY"
1.9 (-3.6 to 7.4)

1.3 (0.9 to 1.8) (HR)
3.3 (0.8 to 13.9) (HR)
4.1 (0.8 10 20.2) (OR)
3.7(-5.0 to 12.3)

1.1 (0.3 to 4.2) (OR)
0.7 (0.1 to 8.5) (OR)
0.8 (0.2 t0 3.9) (OR)
1.3 (0.1 to 33.2) (OR)

0.7 (0.1 to 8.5) (OR)
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Boos et al
2000

Boos et al
2000

Boos et al
2000
Hancock et al
2015
Hancock et al
2015
Hancock et al
2015
Hancock et al
2017
Hancock et al
2017

Kasch et al
2021b
Hancock et al
2015
Hancock et al
2015
Hancock et al
2015
Hancock et al
2017
Hancock et al
2017

Jarvik et al
2005

Jarvik et al
2005

Disc herniation
Disc herniation
Disc herniation
Disc herniation
Disc herniation
Disc herniation
Disc herniation
Disc herniation
Disc high-intensity zone
Disc high-intensity zone
Disc high-intensity zone
Disc high-intensity zone
Disc high-intensity zone
Disc high-intensity zone
Disc protrusion

Disc extrusion

No disc herniation

No disc herniation

No disc herniation

No disc herniation

No disc herniation

No disc herniation

No disc herniation

No disc herniation

No high-intensity zone

No disc high-intensity zone
No disc high-intensity zone
No disc high-intensity zone
No disc high-intensity zone
No disc high-intensity zone
No disc high-intensity zone

No disc extrusion

LBP duration (1 to 7 d) (62 mo)

LBP duration (8 to 30 d) (62 mo)

LBP duration (>30 d) (62 mo)

Recurrence of activity limiting LBP (1 y)

LBP recurrence (1 y)

LBP recurrence (1 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
Pain (NRS) (6 y)

Recurrence of activity limiting LBP (1 y)

LBP recurrence (1 y)

LBP recurrence (1 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
PFI(3y)

PFI (3 )

0.9 (0.1 to 5.6) (OR)
1.2 (0.2 to 7.4) (OR)
0.7 (0.1 to 9.0) (OR)
1.7 (0.4 to 8.0) (HRY"
0.9 (0.4 to 2.3) (HR)
0.9 (0.3 to 2.5) (HR)'
1.8 (0.4 to 7.5) (HR)
2.0 (0.4 to 10.6) (OR)
3.4(-0.3 t0 7.0)

2.6 (1.1 t0 5.7) (HRY:
1.9 (1.0 to 3.5) (HR)
1.8 (0.9 to 3.6) (HRY'
2.5(1.2t05.1) (HR)
3.1 (1.2 t0 8.3) (OR)
0.5 (0.3 t0 0.9) (HR)

1.2 (0.4 to 3.4) (HR)
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Tonosu et al
2017

Kasch et al
2021b
Hancock et al
2015
Hancock et al
2015
Hancock et al
2015
Hancock et al
2017
Hancock et al
2017

Kasch et al
2021b
Hancock et al
2017
Hancock et al
2017
Hancock et al
2015
Hancock et al
2015
Hancock et al
2015

Kasch et al
2021b

Boos et al
2000

Boos et al
2000

Disc bulge

Hypertrophy ligamentus
flava

Facet joint arthrosis
Facet joint arthrosis
Facet joint arthrosis
Facet joint osteoarthritis
Facet joint osteoarthritis
Modic type 1

Modic type 1, 2, 3
Modic type 1, 2, 3
Modic type 1, 2, 3
Modic type 1, 2, 3
Modic type 1, 2, 3
Modic type 2 or 3

Neural compromise

Neural compromise

No disc bulge

No hypertrophy ligamentus
flava

No facet joint arthrosis

No facet joint arthrosis

No facet joint arthrosis

No facet joint osteoarthritis
No facet joint osteoarthritis
No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No Modic

No neural compromise

No neural compromise

Back pain in the past 1 mo (10 ys)

Pain (NRS) (6 y)

LBP recurrence (1 y)

LBP recurrence (1 y)

Recurrence of activity limiting LBP (1 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
Pain (NRS) (6 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
LBP recurrence (1 y)

LBP recurrence (1 y)

Recurrence of activity limiting LBP (1 y)

Pain (NRS) (6 y)

LBP (yes/no) (62 mo)

LBP frequency (once/y) (62 mo)

0.6 (0.2 to 2.4) (OR)
4.1 (-173109.1)
1.0 (0.5 to 1.9) (HR)
0.7 (0.3 to 1.6) (HR)'
0.4 (0.2 to 1.1) (HR)"
0.7 (0.3 to 1.7) (OR)
0.7 (0.3 to 1.5) (HR)
1.2 (-84 t0 10.8)

1.5 (0.5 to 5.0) (OR)
1.4 (0.6 to 3.4) (HR)
1.1 (0.5 t0 2.6) (HRY"
1.0 (0.5 to 2.3) (HR)
1.4 (0.5 to 3.6) (HRY'
8.1(-1.7t0 17.8)

2.3 (0.6 to 8.6) (OR)

2.3 (0.2 t0 30.6) (OR)
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Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Boos et al
2000

Jarvik et al
2005

Kasch et al
2021b
Hancock et al
2015

Jarvik et al
2005

Kasch et al
2021b
Hancock et al
2017
Hancock et al
2017
Hancock et al
2015
Hancock et al
2015
Hancock et al
2015

Neural compromise
Neural compromise
Neural compromise
Neural compromise
Neural compromise
Neural compromise
Nerve root contact
Spinal canal stenosis

Spinal canal area

Spinal central stenosis

Spondylolisthesis
Spondylolisthesis
Spondylolisthesis
Spondylolisthesis
Spondylolisthesis

Spondylolisthesis

No neural compromise
No neural compromise
No neural compromise
No neural compromise
No neural compromise
No neural compromise
No nerve root contact
No spinal canal stenosis
No spinal canal area
No spinal canal stenosis
No spondylolisthesis
No spondylolisthesis
No spondylolisthesis
No spondylolisthesis
No spondylolisthesis

No spondylolisthesis

LBP frequency (< once/mo) (62 mo)

LBP frequency (once/mo) (62 mo)

LBP frequency (every wk) (62 mo)

LBP duration (1 to 7 d) (62 mo)

LBP duration (8 to 30 d) (62 mo)

LBP duration (> 30 d) (62 mo)

PFI(3y)

Pain (NRS) (6 y)

LBP recurrence (1 y)

PFI(3y)

Pain (NRS) (6 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
LBP recurrence (1 y)

LBP recurrence (1 y)

Recurrence of activity limiting LBP (1 y)

2.0 (0.4 to 10.4) (OR)
4.6 (0.2 to 86.6) (OR)
9.2 (0.7 to 122.4) (OR)
1.8 (0.3 to 11.8) (OR)
22 (0.4 to 11.9) (OR)
8.8 (0.7 to 117.2) (OR)
1.9 (0.6 to 5.8) (HR)
7.0 (<0.2 to 14.2)

0.7 (0.1 to 5.4) (HR)
1.9 (0.8 to 4.8) (HR)
11.1 (0.6 to 22.8)

1.8 (0.6 to 5.9) (OR)
1.6 (0.7 to 3.6) (HR)
1.2 (0.6 to 2.8) (HRY"
1.3 (0.6 to 2.8) (HR)

1.8 (0.7 to 4.6) (HR)"
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Kasch et al
2021b
Borenstein et
al 2001
Kasch et al
2021b
Hancock et al
2017
Hancock et al
2017

Kasch et al
2021b
Hancock et al
2017
Hancock et al
2017

Kasch et al
2021b
Hancock et al
2017
Hancock et al
2017

Kasch et al
2021b

Kasch et al
2021b

Schmorl lesion
Worsening abnormalities
on MRI

1 MRI finding

1 finding present
1 finding present
2 MRI findings

2 findings present
2 findings present
3 MRI findings

3 findings present
3 findings present

4 MRI findings

5 or more MRI findings

No Schmorl lesion
No worsening abnormalities
on MRI

No MRI finding

0 findings

0 findings

No MRI finding

0 findings

0 findings

No MRI finding

0 findings

0 findings

No MRI finding

No MRI finding

Pain (NRS) (6 y)

LBP (7y)

Pain (NRS) (6 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
Pain (NRS) (6 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
Pain (NRS) (6 y)

Days to recurrence of activity limiting LBP (1 y)
Days to recurrence of activity limiting LBP (1 y)
Pain (NRS) (6 y)

Pain (NRS) (6 y)

-5.3 (-8.6to —1.9)
3.5 (not reported) (RR)
2.8 (-0.5t0 6.0)

3.3 (0.4 t0 30.3) (OR)
2.8 (0.4 t0 22.0) (HR)
2.1 (-2.1t0 6.4)

8.6 (1.0 to 77.6) (OR)
5.9 (0.8 to 44.8) (HR)
4.9 (-2.3t0 12.2)
24.0 (1.1 to 518.6)
(OR)

12.2 (1.3t0 118.2)
(HR)

7.7 (0.3 to 15.2)

12.1 (0.4 to 23.7)

Participants with a mixed population sample

Carragee et al
2006
Carragee et al
2006

Canal stenosis
(moderate/severe)
Canal stenosis
(moderate/severe)

No canal stenosis

No canal stenosis

Modified ODI (5 y)

Serious LBP (NPRS > 6 for > 1 wk) (5 y)

2.1(0.9t0 5.1) (OR)

2.90 (p = 0.09) (OR)
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Carragee et al
2006

Maatta et al
2015
Sadksjarvi et al
2020
Sadksjarvi et al
2020

Carragee et al
2006
Sadksjarvi et al
2020
Sadksjarvi et al
2020

Carragee et al
2005

Carragee et al
2006

Maatta et al
2015

Maatta et al
2015

Maatta et al
2015

Disc degeneration (Grade
5)

Disc degeneration
(summary score 0 to 60)
Disc degeneration

Disc degeneration (MRI
group)

Disc degeneration

Disc degeneration

Disc degeneration (MRI
group)

Disc herniation

Modic change
(moderate/severe)
Modic type 1, 2 or 3)
Modic type 1, 2 or 3)

Schmorl Node

No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc degeneration
No disc herniation
No Modic

No Modic

No Modic

No Schmorl node

Serious LBP (NPRS > 6 for > 1 wk) (5y)
Disabling LBP lasting > 1 mo (10 y)
VAS (30y)

VAS (30y)

Modified ODI (5 y)

ODI (30y)

ODI (30y)

Remissions of LBP for > 6 mo (VAS, 0 to 10) (63 mo)
Serious LBP (NPRS > 6 for > 1 wk) (5 y)
Disabling LBP lasting > 1 mo (10 y)
Disabling LBP lasting > 1 mo (10 y)

Disabling LBP lasting > 1 mo (10 y)

4.40 (p = 0.08) (OR)
1.1 (1.1 to 1.1) (OR)°
0.6 (-2.7 to 1.5)
0.3 (2310 1.7)

1.1 (0.5 to 2.3) (OR)
5.0 (-16.7 10 6.7)
2.9 (-14.0 10 8.2)
4.81 (p=0.01) (OR)
2.50 (p = 0.10) (OR)
1.6 (1.0 to 2.4) (OR)°
22 (1.4103.3) (OR)

1.1 (0.7 to 1.8) (OR)°

Positive outcome for difference in means indicates that exposure group had a worse outcome at follow-up compared with comparison group
Odds ratio (OR) > 1 indicates greater odds of poor outcome in exposure group compared with comparison group
Hazard ratios (HR) > 1 indicates greater incidence of outcome in exposure group compared with comparison group
Relative risk (RR) > 1 indicates that the poor outcome is more likely to develop in the exposure group

GPE = global perceived effect; LBP = low back pain; NPRS = numeric pain rating scale; NQ = Nordic questionnaire; NRS = numeric rating scale; ODI =
Oswestry Disability Index; PFI = Pain Frequency Index; RMDQ = Roland Morris Disability Questionnaire; SF-36 = 36 Item Short Form Survey; VAS = visual
analogue score; ? = The confidence interval reported in this study was implausible.

a7 score
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b Adjusted for race, sex, and pain distribution (ie, patients with LBP vs those with radiculopathy)

¢ Adjusted for age, sex, race, marital status, compensation, smoking status, herniation location, working status, stomach comorbidity, depression, diabetes, other
comorbidity, self-rated health trend, duration of most recent episode, treatment preference, baseline score (for SF-36, Oswestry Disability Index, and Sciatica
Bothersomeness Index), and centre

dBeta coefficient

¢ Adjusted for age, age squared, BMI, history of smoking, Disc degeneration summary score, Schmorl Node presence, and Modic change at bassline

 Adjusted for age, gender and early leg pain resolution (< 6 mo)

¢ Adjusted for age, attitude and beliefs about back pain, acute pain at baseline, neurological symptoms of legs, presence of continuous back pain

" Adjusted for age, gender, and early leg pain resolution (< 6 mo)

i Pearson’s r

i Adjusted for age, gender, centre, race, marital status, smoking status, BMI, work status, health insurance status, compensation, joint problems, migraines,
neurologic deficit, baseline back pain score, baseline satisfaction with symptoms, self-rated health trend, herniation (level, location, and morphology for
combined herniation type analysis)

K Adjusted for baseline value of the outcome, age, sex, smoking, BMI

! Adjusted for radiculopathy, age, sex, and intervention group

™ Adjusted for radiculopathy, age, sex, intervention group, tender points, baseline pain score, worrying and health anxiety, fear avoidance, low alcohol use, and
exercise in leisure time

" Adjusted for treatment and interaction between imaging findings and treatment

© Adjusted for each other (disc herniation and nerve root compression)

P Adjusted for all variables in model, demographics, and care pathway

4 Adjusted for age, gender, and baseline symptoms

" Adjusted for age, gender, and size of Modic change at baseline
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Chapter Seven:

Exploring study level factors which potentially
explain differences in results of studies evaluating
the STarTBack stratified treatment approach for

low back pain: A literature review
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Abstract

Objective: Are there differences in the design and/or conduct of studies that have tested the
STarTBack treatment approach for the management of LBP, potentially explaining differences
in study results?

Design: Literature review.

Setting: Primary Care.

Participants: Participants with LBP.

Results: Eleven studies conducted across 5 countries were included. There were substantial
differences in the proportion of patients allocated to the different risk groups; low-risk group
(range: 19% to 58%), medium risk (range: 31% to 52%), and high-risk (range: 6% to 38%).
There were large differences between studies in the implementation of the STarTBack
approach. The original STarTBack trial (Hill et al 2011) had a more explanatory design while
in many subsequent studies, the design was more pragmatic/real world. Only the two original
studies provided clear evidence that the implementation of the STarTBack tool led to a higher
proportion of patients receiving matched treatment. In the other studies there was no evidence
of a difference, or it was unclear. In two studies a researcher made the decision about which
matched treatment patients received based on the STartTback Tool, while in all the other
studies this was done by a clinician. Most studies recommended the same matched treatment
for each risk group as per the original study except for a small number of studies. Only three
studies reported whether the clinician delivering matched treatment followed the recommended
treatment as per the tool. There was substantial variability in the training clinicians received.
Conclusions: Reporting of important study level factors in how the STarTBack approach was
implemented was unclear. There is some suggestion that key factors may include the individual
who implemented the STarTBack tool, whether the recommendations of the tool were
followed, the amount of training the clinician delivering the matched treatment received, and

whether clinicians actually delivered the matched treatment.

Review registration: OSF Registries: https://doi.org/10.17605/OSF.I0/QJZXY
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Strengths and limitations of this study

e Strengths of this study include using a sensitive search strategy and following a strict
pre-specified protocol.

e We searched various databases and included several different study designs', which
allowed us to summarise the available literature on the study level factors that may
explain the differences in findings for studies using the STarTBack approach.

e A limitation of our review is that many studies did not clearly report on the study level
factors we explored.

e Due to the qualitative nature of the study level factors explored, we aimed to mitigate

misinterpretation using two independent reviewers and a third reviewer were necessary.
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Introduction

Patients with low back pain often seek treatment in primary care from clinicians such as a
general practitioner (GP) or physiotherapist.! There is currently limited evidence to guide
clinicians to shift from generic treatment and move towards precision or personalised medicine
approaches.! One such approach that has been investigated in a number of studies is risk-based

stratified care.

Risk-based stratified care involves selecting treatments according to a patients’ risk of
persistent disabling pain, to maximise treatment benefit and reduce potential harm and wasted
resources associated with unnecessary interventions.? The STarTBack approach is a widely
known and investigated example of a risk-based stratified care approach, introduced by Hill
and colleagues in 2008.> The STarTBack approach was originally developed with the intention
to match patients to specific treatment approaches based on prognosis or risk of poor clinical
outcomes.* The initial randomised controlled trial (RCT) by Hill et al 2011° (n=851) and the
follow up pre-post design study by Foster et al 2014° (n=922) assessing the effectiveness of
the STarTBack approach compared to non-stratified therapist led care, demonstrated initial
promise. The Hill et al 2011° and Foster et al 2014¢ studies reported that the STarTBacK
approach resulted in slightly better patient outcomes (effect on 0-100 scale: 5.5 points (95%
CI: 2.3 to 8.6) at 4 months follow-up, and more efficient use of resources in primary care

patients with low back pain.

Since the initial studies from Hill et al 2011° and Foster et al 20145, subsequent trials'-7-13

investigating stratified care using the STarTBack Tool have failed to replicate the initial

positive results. For example, Morsg et al 2021 performed a randomised trial and found no
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difference in pain or disability outcomes between low back pain patients who received stratified

care compared to non-stratified care.'?

The failure of subsequent studies!’-!° to replicate the positive results of the initial STarTBack

studies’®

may potentially be explained by differences in the design and/or conduct of
subsequent studies. For example the Hill et al 2011 trial®> was an explanatory trial testing the
effectiveness of the STarTBack approach under ideal conditions and was less reflective of
routine clinical care (although still an important study design). This could largely explain the
high fidelity, and therefore may explain the small but significant outcome in favour of a
stratified approach in this study.> However, in subsequent studies such as Delitto et al 20211,
the STarTBack tool was used to generate recommended treatments, however this was used as
an opportunity for clinicians and patients to discuss the most appropriate treatment option.
Intervention fidelity was not recorded in this study!?, however, the way the STarTBack tool
was used may be more reflective of what occurs in clinical practice and the challenges
associated with implementing stratified approaches. Exploring the differences between studies
will help clinicians and researchers understand how best to implement the STarTBack Tool (if
at all) and may inform the development and testing of other complex models of care. Given the
conflicting study results regarding the effectiveness of the STarTBack approach and no studies

having explored factors potentially influencing these differences, we conducted this literature

review to qualitatively explore any differences.

Objective

Primary objective
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To explore differences in study level factors in studies that have tested the STarTBack
treatment approach for the management of musculoskeletal pain, and to investigate whether

they may explain differences in study results.

Methods

A review protocol was specified in advance and registered on OSF Registries:

https://doi.org/10.17605/OSF.10/QJZXY

Search strategy

MEDLINE, CINAHL, EMBASE were searched from inception to 26" July 2023. The search
strategy included a combination of several terms for each of three domains: low back pain,
stratification, and randomised controlled trials. The full search strategy is presented in
Supplementary Appendix S1. We also screened reference lists of included studies for additional

studies. Forward citation searching was also performed. We included studies in any language.

Inclusion criteria
Eligible studies met the following criteria:
1) randomised controlled trials (RCTs), controlled clinical trials, and interrupted time
series'® designs
i1) used the STarTBack Tool to stratify participants into sub-groups
ii1) studies provided matched treatments according to participants STarTBack score (even

if a different matched treatment to that originally proposed by Hill et al 2011° was used)

One review author (CSH) excluded clearly irrelevant titles. Two review authors (CMJ and

CSH) independently screened abstracts to exclude irrelevant studies. Two reviewer authors
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(CMJ and CSH) then independently reviewed full texts for eligibility based on the inclusion
criteria. Any disagreements were resolved through discussion and a third reviewer (CGM or

MJH).

Study level factors that were qualitatively explored

e Who administered the STarTBack Tool to the patient?

¢ Did the implementation of the STarTBack Tool lead to changes in the recommended or
received interventions?

e Who made the decision about which matched treatment patients received based on
STarTBack score?

e Which clinician provided matched treatments?

e Did the clinician delivering matched treatment follow the recommendations for
treatment based on the tool?

e Was the clinician implementing the matched treatment trained to do so?

e Treatment received in the control group

Clinical outcomes
To assess the effect of each study level factor that may explain the differences in study results,

we extracted pain and disability outcomes at all available time points.

Data extraction and analysis

Two review authors independently reviewed the search results and extracted data into the data
extraction form. A form was used to record characteristics of the study (e.g., study design,
healthcare setting, participant age, follow-up duration, duration of pain) and study level factors

as listed above.
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Due to the exploratory nature of this study, results are presented descriptively. Data relevant to
(but not limited to) study design used, the healthcare setting the of each study (including

country), and characteristics of the patients (e.g., age, sex, duration of pain) were extracted.

We defined community clinicians (e.g., GP, physiotherapist) as clinicians who practise in the
community as part of their usual care. We defined a research clinician (e.g., GP,
physiotherapist) as clinicians working as part of a research team solely for the purpose of the

research project.

Results

Characteristics of included studies

Our search retrieved 5399 records. After removing duplicates (n=190) 5209 records were
identified. Of these, 4866 were clearly irrelevant based on title screening. A further 323 records
were excluded based on title and abstract screening. Following full text review by two
independent authors, 10 studies were included (Figure 1). One additional study was found by
contacting experts in the field, resulting in a total of 11 included studies. Excluded studies and

primary reasons for exclusion are presented in Supplementary Appendix S2.

Characteristics of included studies

Eleven studies were included.>"!> Sample sizes ranged from 109 to 2971 (median: 550), studies
were conducted in 5 different countries (3 in the UK, 5 in the USA, 1 in Denmark, 1 in
Netherlands, and 1 in Ireland), and were all conducted in primary care. Nine studies included

participants with low back pain and one study included patients with sciatica!!. One study
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included participants with neck and low back pain.” Follow-up ranged from 4 weeks to 12
months. There was substantial between-study variability of the proportion of patients allocated
to the different risk groups. The proportion of patients in the low-risk group ranged from 19%
to 58%, in the medium risk group 31% to 52%, and in the high-risk group from 6% to 38%.
One study® did not report the results of the proportion of patients in each risk group. Study
level variables are presented in Table 1 and further details are presented in Supplementary

Appendix S3.

Study population and protocol for matched treatment

Patient population data were reported in all eleven studies and are presented in Table 1.1
Most studies recruited similar participants to the original studies>S, including participants with
low back pain with or without leg symptoms. However, in one study!!, only participants with
sciatica were recruited which resulted in altered matched treatment received in this study
compared to the other included studies. In another study the medium and high-risk patient
groups both received the same matched treatment and participants were combined and reported
in total®, therefore did not follow matched treatment as per the original STarTBack approach.
One study'® only included patients who scored as high-risk on the STarTBack Tool, however
the matched treatment provided followed the STarTBack approach. All other studies®®!!-13
used the same STarTBack approach to matched treatment as the original studies (Hill et al
2011° and Foster et al 2014°). A flow diagram of how the STarTBack Tool is implemented and

where the main differences between studies in the tool’s implementation is presented in Figure

2.

Study design and healthcare setting
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5,11,13,15 7-10,12

Four studies were randomised controlled trials (RCT) and five studies were cluster
RCTs. One study'* was a non-randomised controlled trial and one study® was a sequential

comparison.

Who administered the STarTBack Tool to the patient
Data on who administered the STarTBack tool to the participant were available in 8 of the 11
studies.>811:13-15 In the original Hill et al 2011° study, a research clinician (i.e., a research nurse)

administered the tool, and in three other studies®!'!!?

a member of the research team (i.c.,
research specialist, project secretary, research clinician) administered the tool. The community

general practitioner (GP) administered the tool in one study (Foster et al 2014)° and a

community physiotherapist administered the tool in one study'“. The tool was self-administered

7,15 9,10,12

by the patient in two studies’-'> and it was unclear in three studies who administered the

tool.

Who made the decision about which matched treatment patients received based on STarTBack
score?

Data on who made decisions about the matched treatment based on the use of the tool were
available in 8 of the 11 studies.>%!%1L13:15 Tn two studies®!! including the original Hill et al
20115 study, a member of the research team (i.e., research physiotherapist) made the decision
regarding the patient’s treatment, based on the tool. The community general practitioner (GP)
made decisions about treatment using the tool in one study (Foster et al 2014)%, and a
community physiotherapist made the decision about patient treatment in one study’. In one
study, a community clinician (i.e., physicians, nurse practitioners, or physicians’ assistant)
made decisions about treatment using the tool.!® In three studies®!%!3, patients were stratified

through a variation of electronic health database record systems based on results of the tool,
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however, it was unclear who made the final decision regarding the patient’s treatment. It was

9,12,14

unclear in three studies who made the decision about the patient’s treatment based on the

tool results.

Did the implementation of the STarTBack Tool lead to changes in the clinicians recommended
interventions?

Data on whether clinician behaviour (recommended treatment) changed with the use of the
STarTBack tool were reported in only 3 of the 11 studies.>*!* In the original Hill et al 2011
study’, implementation of the STarTBack tool led to clinicians following the recommended
matched treatment based on the risk matched recommendations from the tool in 97% of
patients, and led to higher referral to physiotherapy in the intervention/stratified group (75%)
compared to the control group (58%). In the Foster et al 2014 study®, implementation of the
STarTBack tool led to clinicians following the recommended matched treatment based on the
risk matched recommendations from the tool in 71% of patients, and led to higher referral for
physiotherapy in the medium and high-risk groups in the intervention/stratified group (72%)
compared to the control phase (40%). In another study'?, the implementation of the tool led to
higher referral for physiotherapy in the high-risk group in the intervention/stratified group
(57%) compared to the control phase (30%). However, in this study'® it was not reported if
clinicians followed the recommended treatment based on the risk matched recommendations

7-9,11-15

from the tool. In eight studies it was unclear or not reported as to whether the

recommended treatment matched the tool’s recommendation, or if the implementation of the

STarTBack tool led to changes in the treatment received.

Which clinician provided matched interventions?
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Data on who provided the matched treatments based on their STarTBack score were available
in 10 of the 11 studies.>”-!> In the original Hill et al 2011 study’, a research physiotherapist
provided matched treatment for one session (for low risk treatment) at baseline, and then

medium and high risk patients were referred for further community physiotherapy.

For patients stratified to low-risk treatment, a research physiotherapist provided matched
treatment in one study!!, a community general practitioner provided matched treatment in one
study (Foster et al 2014)°, a community physiotherapist provided matched treatment in five

71215 "and in one study”® a community physiotherapist and ‘spine coach’ (professionally

studies
trained in motivational interviewing) provided matched treatment. It was unclear in one study®
which clinician provided matched treatment (e.g., either a GP, nurse, physiotherapist) and in

another study!'® only results for high-risk participants were presented, which are discussed

below.

For patients stratified as medium risk, community physiotherapists provided matched treatment

6.7.12-15 " a research physiotherapist provided matched treatment in two studies™!!,

in six studies
and in one study’ a community physiotherapist and ‘spine coach’ (professionally trained in
motivational interviewing) provided matched treatment. It was unclear in one study® which
clinician provided matched treatment (e.g., a GP, nurse, or physiotherapist). One study!® only

presented results for high-risk participants, where a community physiotherapist provided

matched treatment.

For patients stratified as high risk, a community physiotherapist provided matched treatment

6,7,10,12-15

in seven studies , a research physiotherapist provided matched treatment in one study

Hill et al 2011)°, and in another study’ a community physiotherapist and ‘spine coach’
y y

269



(professionally trained in motivational interviewing) provided matched treatment. In one
study!!, including only patients with sciatica, high risk participants were referred immediately
for MRI and to a Specialist, differing to the original (Hill et al 2011)> STarTBack approach. It
was unclear in one study® which clinician provided matched treatment (e.g., either a GP, nurse,

or physiotherapist).

Was the clinician implementing the matched treatment trained to do so?

Data on training of the clinician providing the matched treatment were available in 9 of the 11
studies.>®1%12-15 In the original Hill et al 2011° study, clinicians providing medium risk
treatment received 4 days of training and 10 days of training for high risk treatment. One study?®
trained clinicians (e.g., physicians, nurses) in delivering matched treatment over 6 sessions (1
hour each) over a 6-month period and physiotherapists received 5 days of training for matched
treatments for medium to high-risk groups. One study!® trained community physiotherapists
over a 2-day course (hours not specified) to provide matched treatments for all risk groups.
One study!? trained clinicians for a total of 10.5 hours in delivering matched interventions only
for high-risk groups. In one study!'® physiotherapists received 5 days of training, additional
booster sessions, and access to consulting physiotherapists (trained in STarTBack approach) to
provide matched treatment for all risk groups. In another study’, physiotherapists were trained
(up to 12 hours over 4 weeks) in the implementation of the matched treatments for all risk
groups. Two studies®!'* reported that physiotherapists were trained, however, did not report the

it was not reported whether training was

amount of training provided. In two studies®!
provided to clinicians on risk matched treatment and in another study'? it was unclear if the

training provided was specific for providing matched treatment.
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Did the clinician delivering matched treatment follow the recommendations for treatment
based on the tool?

Data on whether treating clinicians delivering matched treatment followed the recommended
treatment (as per each study protocol for matched treatment) were available in 3 of the 11
studies.>®!! In the original Hill et al 2011° study, among the participants referred for
physiotherapy, initial treatment attendance was reported as 93% in the intervention group (i.e.,
STarTBack group). No data were reported based on each risk group in either of the two
studies.>® In one study!'! clinicians followed the recommended treatment in the low-risk group
in almost all patients (except 1 patient), in the medium risk group recommended treatment was
followed in 82.5% of patients, and in the high-risk group recommended treatment was followed

5,6,11

in 81.3% of patients. In the three studies reported above, the reasons for patients not

receiving the recommended matched treatment based on the tool were not clear or not reported.

In eight studies®®!10:12-15

it was unclear or not reported whether clinicians followed the
recommended matched treatment based on the tool. In one study®, patients in the medium and

high-risk groups received the same treatment and data on whether clinicians followed the

recommended treatment based on the tool was not reported.

Treatment received in the control groups

Data on the intervention received in the control group were available in 9 of the 11 studies.>
7.9.11-15 1 all eleven studies the STarTBack score was collected, however all control groups did
not use the STarTBack Tool to determine treatment or the results of the tool were not available
to the clinicians providing treatment. In the original Hill et al 2011 study’, decisions about
referral in the control group were made based on the physiotherapists’ clinical judgment,

5,7,12,14

without knowledge of a patient’s STarT Back Tool classification. In four studies control

participants received some form of intervention by a community or research physiotherapist
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(e.g., treatment based on guidelines). In four studies®!'!!313

, control participants received
different forms of interventions from a community GP or primary care clinician (i.e.,
physicians, nurse practitioners, and physicians’ assistant) and they were advised to provide
treatment as usual (e.g., referral for physio, medication, or guideline-based treatment). In one
study” there were two control groups, one group received an individualised exercise program

8,10

(not based on risk score), and the other group received no treatment. In two studies®™'” it was

unclear what treatment was received in the control group.

Discussion

Principal findings

This review found that reporting of implementation of the STarTBack approach was often
unclear for many important study level factors. However, there were important differences
between studies in the implementation of the STarTBack approach, which may explain
differences in results between studies. The original STarTBack RCT (Hill et al 2011°) had a
more explanatory design while in many of the subsequent studies, the design was more
pragmatic/real world. For example, in the original STarTBack RCT (Hill et al 2011°) the tool
was administered by a researcher whilst in two studies®!'* the tool was administered by a
community clinician (which is more reflective of clinical practice). In most studies it was
unclear, or not reported, if the implementation of the STarTBack tool resulted in (between
group) differences in the recommended or received interventions. Only three studies>5!°
(including the original Hill et al 2011 study) provided clear evidence that implementation of
the STarTBack tool led to a higher proportion of patients receiving matched treatment. In the
other studies there was either no evidence of a difference, or it was not clear. Only three

5,6,11

studies reported whether the clinician responsible for delivering matched treatment

followed the recommended treatment. Most studies reported that training was provided to
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clinician however, there was a large range in the amount of training provided (range: 6 hours
to 10 days). The amount of training was reported in only half of the included studies. In all
studies, the intervention received in the control group either did not include use of the

STarTBack Tool or the risk profile based on the tool was not available to treating clinicians.

Strengths and weaknesses of the study

Strengths of this study include using a sensitive search strategy and following a strict pre-
specified protocol. We searched various databases and included several different study
designs.'® This allowed us to summarise the available literature on the study level factors that
may explain the differences in findings for studies using the STarTBack approach. We were
able to identify key differences between studies that may be useful for future research and how
clinicians may implement this tool in clinical practice. A limitation of our review is that many
studies did not clearly report on the study level factors we explored. Due to the qualitative
nature of the study level factors explored, we aimed to mitigate misinterpretation using two
independent reviewers and a third reviewer were necessary. We did not assess risk of bias for
any of the included studies in our review and did not approach this review with a quantitative
approach as commonly performed in systematic reviews, as we anticipated heterogeneity in the

availability and reporting of data.

Comparison with previous studies

To our knowledge this is the first review exploring the potential study level factors that may
explain the differences in study outcomes. Two systematic reviews'”!® have previously
investigated the effectiveness of stratified care compared to non-stratified care (including the
STarTBack approach). One review (n=8 studies) included four randomised controlled trials

and 4 non-randomised controlled trials'” and another review (n=24 studies)'® included the
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STarTBack approach as part of other stratification systems. Neither study!”!® directly answers
our research question and no study to date has explored potential factors that may contribute to

the differing study results.

A recent Journal of Physiotherapy editorial discussed potential reasons behind the different
outcomes between studies investigating the effectiveness of the STarTBack approach.!® The
editorial considered one particular explanation for the lack of consistency in study results
compared to the original studies: intervention fidelity. The editorial highlighted the importance
of the two key components of stratified care (i.e., subgrouping patients based on risk scores
and providing targeted matched treatments).!” All studies in our review sub-grouped
participants based on their risk scores, however not all participants went on to receive matched
interventions. Our review highlighted that it was often not clearly reported whether participants
received matched treatments (e.g., only 3 of 11 studies providing data on whether patients
received matched care), limiting our ability to explore this further. Reporting on whether
participants received matched care is critical to interpreting the results of studies as it likely
contributes to the different outcomes in studies investigating the implementation of the
STarTBack Tool. The effectiveness of the STarTBack approach is also likely dependent on the
amount of training clinicians delivering matched care received, and therefore had the clinical
skills to provide the matched treatments. There was substantial variability in the amount of
training provided to clinicians (range: 6 hours to 10 days) and in half the studies it wasn’t clear

the amount of training clinicians received or if training of clinicians was even provided.

Implications for future research

It may be worthwhile for future research investigating stratified care (i.e., STarTBack

approach) to use relatively explanatory research designs like the original Hill et al 20115 study
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to determine if there is merit in continuing with subsequent pragmatic studies. Following the
initial Hill et al 2011 study®, very few, if any, explanatory studies have been completed.
Important nuances on implementing the STarTBack approach and feasibility may have been
missed by performing future studies based on a lack of available research. If future studies
demonstrate feasibility, are able to appropriately subgroup patients based on risk scores, and
provide targeted matched care, larger and more pragmatic randomised controlled trials should
be conducted to assess the clinical effectiveness of the STarTBack approach. Future studies
should also focus on how best to implement the STarTBack approach and strategies to monitor
and improve the implementation of the tool should also be considered. A better understanding
of the key variables likely influencing the implementation of matched interventions may help
inform clinicians of the best approach to implement stratified care in clinical practice. A related
issue to implementing the STarTBack approach is whether participants received the matched
intervention they were matched to by the STarTBack tool and whether clinicians implementing
matched care had the appropriate training and skills to do so. Future research should better
monitor whether participants go on to receive the intervention they are matched too, and more
importantly, investigate the potential reasons for why patients did not receive matched

treatment e.g., cost, access, clinician training.

Conclusions

We found that in most studies important study level factors in relation to the implementation
of the STarTBack approach (use of the tool and matched care) were not clearly reported. As a
result, it was difficult to determine which factors may have impacted on study outcomes. There
is some suggestion that the key factors might be the individual who implemented the
STarTBack tool, whether the recommendations of the tool were followed, the amount of

training the clinician delivering the matched treatment received, and whether they actually
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delivered the matched treatment. Future research on the STarTBack approach must clearly
report on the key implementation element of the approach and be designed to investigate the

most important elements of implementation to produce better patient outcomes.
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Table 1. Characteristics of included studies

Study Study design Study sample/healthcare setting Participant age Follow-up duration Duration of pain
Beneciuk 2015 Cluster RCT NSLBP +/- leg pain 1G: 46.0 (SD 12.8) 4 wks <2 wk to >3 mo
Primary Care CG: 46.6 (SD 11.2) Highest proportion of patients
Female: 58.7% 1G: >3 mo; 57%
CG: >3 mo; 59%
Cherkin 2018 Cluster RCT NSLBP +/- leg pain 1G: 58.0 (SD 18.4) 2, 6 mo <3 mo up to 12 mo
Primary Care CG: 55.0(SD 17.3) Highest proportion of patients
Female: 56% 1G: <3 mo; 56%
CG: <3 mo; 56%
Choudhry 2022 Cluster RCT Neck and/or NSLBP 1G: 50.9 (SD 16.0) 3,12 mo <3 mo
Primary Care CG1:52.6 (SD 16.0) Highest proportion of patients
CG2:51.2 (SD 16.0) IG: <3 mo; 100%
Female: 60% CG: <3 mo; 100%
Delitto 2021 Cluster RCT NSLBP +/- leg pain 1G: 49.3 (SD 16.2) 6, 12 mo <1 mo to >3 mo
Primary Care CG: 50.6 (SD 17.1) Highest proportion of patients
Female: 59% 1G: <1 mo; 62%
CG: <1 mo; 59%
Foster 2014 Sequential NSLBP +/- leg pain Pre: 53.0 (SD 15.0) 6 mo <1 mo to >3 yrs
comparison Primary Care Female: 55% Highest proportion of patients
Post: 54.1 (SD 14.8) Pre: 6 mo to 3yrs; 25%
Female: 60% Post: 6 mo to 3yrs; 24%
Hill 2011 RCT NSLBP +/- leg pain 1G: 50.1 (SD 15) 4,12 mo <1 mo to >3 yrs
Primary Care CG: 49.1 (SD 14.3). Highest proportion of patients
Female: 500/851 1G: 6 mo to 3yrs; 25%
CG: 1 to 3 mo; 23%
Konstantinou 2020 RCT Sciatica 1G: 50.7 (SD 14.5) 4, 12 mo <2 wk to >12 mo
Primary Care CG: 53.3(SD 13.5) Highest proportion of patients
Female: 55% 1G: 2-6wk; 42%
CG: 2-6wk; 41%
Koppenaal 2022 Cluster RCT NSLBP, unclear if leg pain present 1G: 48.1 (SD 15.1) 3 mo 0 wks to >12 mo
Primary Care CG: 47.3 (SD 13.6) Highest proportion of patients
Female: 49% 1G: >12 mo; 45%
CG: 0 to 6wk; 47%
Morse 2021 RCT NSLBP, unclear if leg pain present 1G: 46 (35-57)* 3,12 mo <1 mo to > 12 mo
Primary Care CG: 45 (31-57)* Highest proportion of patients
Female: 58% 1G: >12 mo; 36%
CG: <1 mo; 32%
Murphy 2016 Non- NSLBP +/- leg pain 1G:43.4(SD 11.4) 3 mo >3 mo
randomised Primary Care CG: 43.1(SD 10.7) Highest proportion of patients
controlled trial Female: 71% 1G: >3 mo; 100%
CG: >3 mo; 100%
Rhon 2023 RCT NSLBP +/- radiculopathy 1G: 34.7 (SD 8.1) 6 wk, 6 mo, 12 mo Any pain duration in both

Primary care

CG: 33.6 (8.8)
Female: 34%

groups

IG=Intervention group; CG=Control group; NSLBP=Non-specific low back pain; RCT=Randomised controlled trial; SD=Standard deviation

*range
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Table 2. Study level implementation variables

Study Individual Trained to  Clinician providing Did the tool lead to changes in Proportion receiving Allocated treatment
administering tool use tool matched treatment? the recommended treatment? matched treatment?
Beneciuk 2015 Clinician Yes All risk groups: Community Not reported Unclear IG: Treatment based on
(Physiotherapist) physiotherapist STarTBack score
CG: Physiotherapy as
‘usual’
Cherkin 2018 Researcher Yes All risk groups: A PCP Not reported Unclear IG: Treatment based on
STarTBack score
CG: “Usual care”
Choudhry 2022 Unclear Not All risk groups: Not reported Not reported IG: Treatment based on
reported Physiotherapist, “spine STarTBack score
coach” and an “ICE MD” CGI1: IPT
CG2: No intervention
Delitto 2021 Unclear Yes High risk: Community Higher referral for Physiotherapy Not reported IG: Treatment based on
physiotherapist in IG (high risk group) STarTBack score
(57% vs 30%) CG: “Usual care’
Foster 2014 Clinician (GP) Yes Low risk: Community GP Higher referral for physiotherapy Clinician followed IG: Treatment based on
in medium and high-risk group recommended matched STarTBack score
Medium and high risk: (72% vs 40%) treatment in 71% of patients*  CG: GP +/- physiotherapy
Referral to community referral if appropriate
physiotherapist No difference for low-risk group
(65% vs 68% not referred)
Hill 2011 Researcher Yes Low risk: Research Higher referral for Physiotherapy Clinician followed IG: Treatment based on
physiotherapist in IG recommended matched STarTBack score
(75% vs 58%) treatment in 93% of patients®  CG: Physiotherapy referral
Medium and high risk: if appropriate
Research physiotherapist
Konstantinou Researcher Not Low and medium risk: Not reported Clinician followed IG: Treatment based on
2020 reported Research physiotherapist recommended matched STarTBack score (high risk
treatment in: referred for MRI and to
High risk: Referred for MRI Low risk: 98.8% specialist)
and Specialist Medium risk: 82.5% CG: GP and Physiotherapy
High risk: 81.3% consult
Koppenaal 2022 Unclear Unclear All risk groups: Community Not reported Not reported IG: Treatment based on
physiotherapist STarTBack score
CG: Guideline based care
as per RDAP by
Physiotherapist
Morse 2021 Researcher Yes All risk groups: Community Not reported Not reported IG: Treatment based on
physiotherapist STarTBack score
CG: Guideline based care
by GP and Physiotherapist
Murphy 2016 Clinician Yes All risk groups: Community Not reported Unclear IG: Treatment based on
(Physiotherapist) physiotherapist STarTBack score
CG: Generic physiotherapy
Rhon 2023 Self-administered Yes All risk groups: Community Not reported Not reported IG: Treatment based on

physiotherapist

STarTBack score
CG: “Usual care”

2data on whether matched treatment was followed per risk group not provided in study.
Use of the tool=who administered the tool/who stratified patients; EMR=electronic medical records; EHR=electronic health record; GP=general practitioner; PCP=primary care practitioner
(e.g., either a GP, nurse, or physiotherapist); PT=physiotherapist; PIPT=psychologically informed physiotherapy; ICE MD= identify, coordinate, enhance (ICE) model of care; MD=medical
doctor; IG=intervention group; CG=control group, RDAP=Royal Dutch Association for Physiotherapy; clinical physiotherapist=a primary care physiotherapist not part of the research team
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Supplementary Appendix S1. Search strategy

MEDLINE EMBASE CINAHL

1. RCT.mp. 1. RCT.mp. 1. (MH "Back Pain+")

2. randomised.mp. 2. randomised.mp. 2. MH low back pain/

3. Randomized Controlled Trial/ 3. Randomized Controlled Trial/ 3. mbh radiculopathy/

4. randomised trial. mp. 4. randomised trial. mp. 4. mbh sciatica

5. cluster.mp. 5. cluster.mp. 5. mh "musculoskeletal pain"

6. Prospective Studies/ 6. Prospective Studies/ 6. mh back pain or low back pain or

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.
20.

21.
22.
23.
24.

25.
26.

lor2or3or4orSor6

Back Pain/
low back pain/
radiculopathy/
sciatica/

(back pain or low back pain or
radiculopathy or sciatica or back
ache or lumbago).mp. [mp=title,
book title, abstract, original title,
name of substance word, subject
heading word, floating sub-heading
word, keyword heading word,
organism supplementary concept
word, protocol supplementary
concept word, rare disease
supplementary concept word,
unique identifier, synonyms]
Musculoskeletal Pain/
8or9or10orl1lorl2orl3
screen$.mp.

risk screen$.mp.

tool.mp.

instrument.mp.
questionnaire/
start back.mp.

stratified care.mp.

stratif$.mp.

prognosis/

150r 16 or 17 or 18 or 19 or 20 or

21 or 22 or 23
7 and 14 and 24

limit 25 to humans

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.
20.

21.
22.
23.
24.

25.
26.

lor2or3or4orSor6

Back Pain/
low back pain/
radiculopathy/
sciatica/

(back pain or low back pain or
radiculopathy or sciatica or back
ache or lumbago).mp. [mp=title,
abstract, heading word, drug trade
name, original title, device
manufacturer, drug manufacturer,
device trade name, keyword heading
word, floating subheading word,
candidate term word]

Musculoskeletal Pain/
8or9orl0orllorl2orl3
screen$.mp.

risk screen$.mp.

tool.mp.

instrument.mp.
questionnaire/
start back.mp.

stratified care.mp.

stratif$.mp.

prognosis/

150r 16 or 17 or 18 or 19 or 20 or

21 or 22 or 23
7 and 14 and 24

limit 25 to (human and "remove
medline records")

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.
20.

21.
22.
23.
24.

25.

radiculopathy or sciatica or back
ache or lumbago

S1 OR S2 OR S3 OR S4 OR S5 OR
S6

mh screen*®

"risk screen"
”tOOl"
"instrument/"

(mh questionnaires+ )

"start back/"

"stratified care"

TX stratif

mh prognosis

S8 OR S9OR S1I0 OR S11 OR S12
OR S13 OR S14 OR SI50OR S16
TX RCT

"randomised/"

(MH "Randomized Controlled
Trials+")

TX randomised trial

"cluster"

(MH "Prospective Studiest+")

S18 OR S19 OR S20 OR S21 OR

S22 OR S23
S7 AND S17 AND S24
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Supplementary Appendix S2. List of excluded full-text articles and the primary reason for exclusion

Study Title Reason for exclusion
Beneciuk et al 2017 Identifying Treatment Effect Modifiers in the STarT Back Trial: A Wrong study design
Secondary Analysis
Bier et al 2017 Can Primary Care for Back and/or Neck Pain in the Netherlands =~ Wrong study design
Benefit from Stratification for Risk Groups According to the STarT
Back Tool Classification?
Fritz et al 2011 Relationship Between Categorization with the STarT Back Treatment did not follow STarTBack
Screening Tool and Prognosis for People Receiving Physical algorithm
Therapy for Low Back Pain
Hill et al 2022 Risk-based stratified primary care for common musculoskeletal pain ~ STarTBack tool not used to stratify

Magel et al 2017

Mansell et al 2016

Middleton et al 2020

Saunders et al 2020

Treanor et al 2022

Whitehurst et al 2015

presentations (STarT MSK): a cluster-randomised, controlled trial

Outcomes of Patients with Acute Low Back Pain Stratified by the
STarT Back Screening Tool: Secondary Analysis of a Randomized
Trial

Exploring What Factors Mediate Treatment Effect: Example of the
STarT Back Study High-Risk Intervention

Implementing stratified care for acute low back pain in primary care
using the STarT Back instrument: a process evaluation within the
context of a large pragmatic cluster randomized trial

Stratified primary care versus non-stratified care for musculoskeletal
pain: qualitative findings from the STarT MSK feasibility and pilot
cluster randomized controlled trial

Prospective observational study investigating the predictive validity
of the STarT Back tool and the clinical effectiveness of stratified
care in an emergency department setting

Implementing Stratified Primary Care Management for Low Back
Pain: Cost-Utility Analysis Alongside a Prospective, Population-
Based, Sequential Comparison Study

patients

Treatment did not follow STarTBack
algorithm

Wrong study design

Wrong study design

Wrong study design

Wrong study design

Wrong study design
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Suppl tary Appendix S3. All study level variables explored

Study Individual Clinician providing Did the tool lead to changes in Proportion receiving Risk level group Allocated treatment Was the tool collected in Trained to use
administering tool care the rec ded treatment? matched treatment? control group tool
Beneciuk 2015 Clinician All risk groups: Not reported Unclear IG: Low (23%), Medium IG: Treatment based on Yes Yes
(Physiotherapist) Community (44%), High (33%) STarTBack score
physiotherapist CG: Physiotherapy as ‘usual’
CG: Low (36%), Medium
(41%), High (23%)
Cherkin 2018 Researcher All risk groups: A PCP Not reported Unclear IG: Low (40%), Medium IG: Treatment based on Yes Yes
(38%), High (22%) STarTBack score
CG: “Usual care”
CG: Low (42%), Medium
(37%), High (22%)
Choudhry 2022 Unclear All risk groups: Not reported Not reported Unclear IG: Treatment based on Yes, but has combined Not reported
Physiotherapist, “spine STarTBack score medium and high risk
coach” and an “ICE CGI1: IPT
MD” CG2: No intervention
Delitto 2021 Unclear High risk: Community Higher referral for Physiotherapy Not reported IG: Low (36%), Medium IG: Treatment based on Yes, but only high-risk Yes
physiotherapist in IG (high risk group) (39%), High (24%) STarTBack score group
(57% vs 30%) CG: “Usual care’
CG: Low (36%), Medium
(40%), High (24%)
Foster 2014 Clinician (GP) Low risk: Community Higher referral for physiotherapy Clinician followed IG: Low (37%), Medium IG: Treatment based on Yes Yes
GP in medium and high-risk group recommended matched (41%), High (22%) STarTBack score
(72% vs 40%) treatment in 71% of CG: GP +/- physiotherapy
Medium and high risk: patients® CG: Low (39%), Medium  referral if appropriate
Referral to community No difference for low-risk group (42%), High (20%)
physiotherapist (65% vs 68% not referred)
Hill 2011 Researcher Low risk: Research Higher referral for Physiotherapy Clinician followed IG: Low (26%), Medium IG: Treatment based on Yes Yes
physiotherapist inIG recommended matched (46%), High (28%) STarTBack score
(75% vs 58%) treatment in 93% of CG: Physiotherapy referral if
Medium and high risk: patients® CG: Low (26%), Medium  appropriate
Research (46%), High (28%)
physiotherapist
Konstantinou Researcher Low and medium risk: Not reported Clinician followed IG: Low (22%), Medium IG: Treatment based on Yes Not reported
2020 Research recommended matched (44%), High (34%) STarTBack score (high risk
physiotherapist treatment in: referred for MRI and to
Low risk: 98.8% CG: Low (23%), Medium  specialist)
High risk: Referred for Medium risk: 82.5% (45%), High (33%) CG: GP and Physiotherapy
MRI and Specialist High risk: 81.3% consult
Koppenaal 2022 Unclear All risk groups: Not reported Not reported IG: Low (55%), Medium IG: Treatment based on Yes Unclear
Community (36%), High (9%) STarTBack score
physiotherapist CG: Guideline based care as
CG: Low (61%), Medium  per RDAP by Physiotherapist
(36%), High (3%)
Morse 2021 Researcher All risk groups: Not reported Not reported IG: Low (31%), Medium IG: Treatment based on Yes Yes
Community (31%), High (38%) STarTBack score
physiotherapist CG: Guideline based care by
CG: Low (31%), Medium  GP and Physiotherapist
(31%), High (38%)
Murphy 2016 Clinician All risk groups: Not reported Unclear IG: Low (17%), Medium IG: Treatment based on Yes Yes
(Physiotherapist) Community (54%), High (29%) STarTBack score
physiotherapist CG: Generic physiotherapy
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Rhon 2023 Self-administered All risk groups: Not reported Not reported
Community
physiotherapist

CG: Low (21%), Medium
(50%), High (29%)

IG: Low (57%), Medium
(36%), High (7%)

CG: Low (53%), Medium
(39%), High (8%)

IG: Treatment based on
STarTBack score
CG: “Usual care”

Use of the tool=who administered the tool/who stratified patients; EMR=electronic medical records; EHR=electronic health record; GP=general practitioner; PCP=primary care practitioner; PT=physiotherapist; PIPT=psychologically informed

physiotherapy; ICE MD= identify, coordinate, enhance (ICE) model of care; MD=medical doctor; IG=intervention group; CG=control group
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Chapter Eight:

Discussion and Conclusion
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8.1. Overview

The overall aim of this thesis was to investigate the role of diagnosis and targeted treatment in
the management of low back pain. Specifically, this thesis explores the key issues in this field
of research through (i) considering the potential misconceptions with regard to the term non-
specific low back pain; (ii) investigating the diagnostic accuracy of index tests (i.e., imaging
tests) available to screen for vertebral fracture; (iii) investigating the diagnostic accuracy of
index tests (i.e., clinical examination and imaging tests) available to identify the
pathoanatomical source of low back pain; (iv) investigating the prognostic ability of magnetic
resonance imaging to predict future low back pain; and (v) investigating targeted treatments
for low back pain using a classification system (i.e., STarTBack approach) and exploring

differences in study level factors that may explain differences in study results.

8.2 Principal findings

The research presented in this thesis addressed key knowledge gaps with regard to diagnosis
of low back pain and targeted treatments for low back pain. The study presented in Chapter
Two highlighted the misconceptions with regard to the term non-specific low back and how
this term has shaped the low back pain field. The term non-specific low back pain was initially
intended to assist with triaging but not to form a diagnosis.! The term non-specific low back
pain was first coined in 1956 to acknowledge that there were cases of low back pain where a
specific diagnosis was not possible even following clinical examination, imaging, or laboratory
tests.? The original proponents used the term non-specific low back pain to highlight the current
challenges of diagnosis in low back pain.! However, they did not suggest it would remain
impossible for all time to identify causes of LBP or individualise treatment’, nor did they
suggest that research into these areas should not be undertaken. For instance, Waddell’s

seminal paper suggested that future research should develop a rational basis for selecting the
2
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most effective treatment for individual patients.® It is quite possible that misunderstandings
with regard to the term non-specific low back have slowed diagnostic research and research
into specific treatments for low back pain, as very little primary research of this type has been
performed. There is a need to move beyond the label of non-specific low back pain through

research into the diagnosis, prognosis, and specific treatment for low back pain.

The results of the systematic review and Cochrane review in Chapters Four and Five
demonstrate the importance of diagnostic research in guiding how best to screen for serious
low back pain and identify causes of non-serious low back pain. For those suspected of having
serious low back pain, the results in Chapter Four demonstrated that there are some red flags
(index tests) that can be used to guide clinicians when screening patients presenting with low
back pain. However, it is important to note that the results in Chapter Four were often based
on single studies with varying degrees of diagnostic accuracy. In primary care, 'trauma'
demonstrated informative +LRs for 'unspecified vertebral fracture' and 'osteoporotic vertebral
fracture'. 'Older age' demonstrated informative +LRs for studies in primary care for 'unspecified
vertebral fracture'. 'Corticosteroid use' may be an informative red flag in primary care for
'unspecified vertebral fracture' and 'osteoporotic vertebral fracture'. A combination of index
tests such as 'older age and female gender' in primary care demonstrated informative +LRs for
'unspecified vertebral fracture'. In secondary care, 'trauma' and 'older age' demonstrated
informative +LRs for 'unspecified vertebral fracture' and 'osteoporotic vertebral fracture',
respectively. A combination of index tests such as 'older age and trauma' in secondary care
demonstrated informative +LRs for 'unspecified vertebral fracture'. When '4 of 5 tests' are
positive in secondary care, they demonstrated informative +LRs for 'osteoporotic vertebral
fracture'. In tertiary care, the 'presence of contusion/abrasion’' was informative for 'vertebral

compression fracture'. This review sheds some light on the red flags that can be used in clinical
3
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practice; however, the challenge to identify the best red flags remains as many red flags were
found too not be useful. Further research is needed to increase confidence in the diagnostic

accuracy of red flags.

Forming a diagnosis for non-serious low back pain has been challenging and limited by a lack
of diagnostic research. However, Chapter Five demonstrated that contrary to the belief that a
diagnosis in low back pain is not possible, there are now informative diagnostic tests that
increase the likelihood of the disc, sacroiliac joint, and facet joint as the source of low back
pain.* There is now evidence that some index tests have informative likelihood ratios (+LRs
and -LRs) for the disc and sacroiliac joint, and the facet joint.* In studies of people with
persistent pain, for the disc, MRI findings of disc degeneration, HIZ, annular fissure, Modic
type 1, Modic type 2, and physical examination finding of positive centralisation phenomenon
increased the likelihood of the disc being the source of low back pain. For the sacroiliac joint,
positive bone scan, absence of midline low back pain, and a combination of sacroiliac pain
provocation tests increased the likelihood of the sacroiliac joint being the source of low back
pain. For the facet joint, uptake of facet joint on SPECT increased the likelihood of the facet
joint being a nociceptive source of low back pain. The evidence suggests a diagnosis may be
possible for some patients with low back pain, potentially guiding targeted and specific

treatment approaches or a better understanding of prognosis.

The ability to identify potential nociceptive causes of low back pain as seen in Chapter Five, is
only useful if it provides a better understanding of prognosis or the natural course of low back
pain. Chapter Six demonstrated that the current available evidence is insufficient to judge if
most of the MRI findings we tested are, or are not, associated with future pain and disability.>

However, the exceptions were Modic changes and disc degeneration, which were associated
4
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with slightly worse pain and disability outcomes in the future. In populations with current low
back pain the presence of Modic type 1 and 2 changes was associated with slightly worse pain
and disability in the short term, the presence of Modic type 1 changes alone, was associated
with slightly worse pain in the short term, and the presence of disc degeneration was associated
with slightly worse pain and worse disability outcomes in the long term. In populations without
low back pain, pooled estimates demonstrated the presence of disc degeneration may increase
the likelihood of experiencing pain in the long term. There is some weak evidence that some
nociceptive causes of low back pain identified on MRI may provide some prognostic
information; however, it remains unknown if this information is useful in guiding treatment.
Given the lack of high-quality evidence, it is not recommended that imaging in routine care is

performed.

Another method to explore the prognosis of a patient’s low back pain and provide more targeted
treatments is through the utility of prognostic tools or stratification approaches such as the
STarTBack approach. However, the utility and effectiveness of stratified care has been
challenged in recent years.>!* In studies that have assessed stratified care, not all studies

implemented the approach (i.e., STarTBack approach) uniformly®!4

, and this may explain why
targeted matched treatments based on the tool’s recommendation does not necessarily lead to
better outcomes as seen in the original Hill et al 2011'° and Foster et al 2014!° studies. Chapter
Seven demonstrated that reporting of the implementation of the STarTBack approach (use of
the tool and matched treatment) was often unclear for many important study level factors,
making interpretation of the results across different studies difficult. However, there were
important differences in some study level factors in relation to the implementation of the

STarTBack approach. The original STarTBack trial (Hill et al 2011'%) had a more explanatory

design while in many of the subsequent studies, the design was more pragmatic/real world.
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Only two studies (original studies from Hill et al 2011'5 and Foster et al 2014'®) provided clear
evidence that the implementation of the STarTBack tool led to a higher proportion of patients
receiving matched treatment. In the other studies there was either no evidence of a difference,
or it was not clear. In two studies®!® (including the original Hill et al 2011 study'®), a researcher
made the decision about which matched treatment patients received based on the STartTback
Tool, while in all the other studies this was done by a clinician. Most studies recommended the
same matched treatment for each risk group as per the original study, but a small number of
studies deviated from the original matched treatment. However, only three studies®!>!
reported whether the clinician delivering matched treatment followed the recommended

treatment as per the tool. There was substantial variability in the training clinicians received,

and in half of the studies the amount of training was not reported or was unclear.

The STartTBack Tool may improve patient outcomes when implemented under ideal
conditions, however if the tool fails to change clinician behaviour or which matched treatment
patients receive, or if clinicians do not deliver the correct matched treatments, then it is unlikely
the tool will be effective. If this is the case, then strategies to better implement the tool (i.e.,
improving clinician training) need to be developed and implemented, and the tool must be re-
evaluated for effectiveness under these improved conditions. The STarTBack approach needs
to be explored further, as the implementation of the STarTBack approach across the literature

is a limiting factor when determining the utility of stratified care in clinical practice.

8.3. Implications for practice and research
The results presented in this thesis have important implications for clinical practice and future
research investigating the role of a diagnoses in low back pain. Diagnostic research is vital in

order to better understand which red flags are best to screen for serious causes of low back
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pain, move beyond the label of non-specific low back pain and identify potential specific causes
of low back pain, and better understand prognosis and response to targeted treatments. More
importantly, there is a need for more diagnostic research in the low back pain field. Further
diagnostic research will help guide and inform clinicians in the future to be more selective in
which patients should receive further testing to reduce unnecessary imaging, overdiagnosis,

and ultimately overtreatment.

8.3.1. Implications for practice for serious low back pain

The use of red flags to screen for vertebral fractures instead of imaging all cases of low back
pain still remains a clinical challenge. The available evidence highlighted in Chapter Four
suggests that only four red flags are potentially useful in guiding clinical decisions regarding
those who need further investigations for suspected vertebral fracture.!”. Guidelines currently
recommend the following red flags to screen for vertebral fracture (e.g., osteoporosis, history
of trauma, corticosteroid use, older age, and female gender).!® However, current guidelines do
not specify which red flags may be most useful for the different types of vertebral fracture.'®
The results in Chapter Four demonstrated that trauma, older age, corticosteroid use, and
presence of contusion/abrasion of informative +LRs, however confidence intervals for
corticosteroid use include substantial variability. Therefore, based on the results of Chapter
Four and current clinical guidelines, clinicians need to utilise a combination of red flags during
the assessment, rather than using each red flag as standalone tests. Current guidelines do not

1920 in our

report on any specific red flags for vertebral stress fracture!® and only two studies
review presented data on this type of fracture. In other areas of musculoskeletal care, a
combination of clinical decision rules (e.g., Ottawa ankle rules) have proven successful to

reserve imaging only when suspicion of fracture is present. Given only a small number of red

flags were informative, clinicians will need to utilise a combination of index tests and their
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clinical expertise when screening for vertebral fracture and deciding if sufficient risk exists to
order imaging. Clinicians need to consider the limitations of the research when using red flags

to screen patients suspected of vertebral fracture in practice.

8.3.2. Implications for practice for non-specific low back pain

The results of Chapter Five challenge the dominant view in the low back pain field, that a
pathoanatomical diagnosis is usually not possible and so the label non-specific low back pain
should be used for most patients. There is now preliminary evidence that a diagnosis (e.g.,
origin of low back pain from disc, sacroiliac joint, or facet joint) may be possible for a subgroup
of patients with low back pain.* However, it is important to understand that patients with low
back pain may not benefit from a pathoanatomical diagnosis and a diagnosis for clinical
application is not yet ready. Although the use of a diagnosis within non-specific low back pain
is not ready for clinical use, it may be one element in assisting clinicians when creating a
clinical profile for patients within a biopsychosocial context. For example, in Chapter Five 3
or more sacroiliac joint provocation tests were found to be informative in identifying the
sacroiliac joint as the likely source of low back pain. A previous systematic review (n=5
studies)?! also found that a cluster of pain provocation tests for the sacroiliac joint increased
the likelihood of the sacroiliac joint being the source of low back pain. Clinicians may use these
index tests (i.e., provocation tests for the sacroiliac joint) with confidence in clinical practice
to help form the patient’s clinical profile. However, clinicians should be very wary of using
these diagnostic labels as there is some suggestion it may be harmful if used incorrectly.?? It is
important that treatments are not based on structure alone, but aligning clinical presentations
with potential nociceptive sources could be useful for ongoing reassessment of clinical
presentations to drive care. It is also important to consider issues such as feasibility, access,

and costs of the index tests, and of the resulting treatment approaches they would lead to.
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8.3.3. Research implications for non-specific low back pain

As there are now informative tests for the disc, sacroiliac joint, and facet joint (only one test)*,
it should be a research priority to investigate whether patients judged to have these conditions
based upon validated index tests have different prognoses or responses to treatment compared
to patients considered not to have those conditions. Ultimately, the diagnoses based upon these
index tests will only have utility if they predict prognosis or response to treatment. Therefore,

the findings from Chapter Five and Six have implications for future research.

The importance of understanding the value of diagnostic tests needs to be further evaluated in
research as this will deepen our understanding on how to be more selective in which patients
with non-specific low back pain are most likely to benefit from further testing. A diagnostic
label will also lead to research to better understand the utility of these diagnostic tests as
premature or uncritical application may lead to unnecessary imaging, overdiagnosis, and
ultimately, overtreatment.?> An important implication for research of a diagnosis is that it may
also lead to the development of new treatment approaches to manage low back pain.
Concurrently, a diagnostic label may also assist to select from existing treatments by
understanding the mechanisms causing pathoanatomical changes or the mechanisms behind
particular modes of exercises. Although a diagnosis within non-specific is not ready for clinical
application, there are significant and important research implications and societal

considerations.

Some of the informative index tests included in Chapter Five require imaging (e.g., MRI or
SPECT) which is accessible in some but not all countries. These imaging tests are reasonably

expensive tests that may restrict access for many people, but if they inform management that
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aids recovery and return to work, they could potentially be cost-effective. Research into the
diagnostic utility of these tests is important as if these tests do not guide care or provide
prognostic information, then there is no use in investigating the issue of cost and availability
of these index tests. Therefore, given there are now informative index tests the next step is to

investigate the utility of these tests.

8.3.4. Implications for prognosis of non-specific low back pain

An important clinical use of a diagnosis is to provide patients with a more accurate prognosis.
The results of Chapter Six demonstrated that some lumbar spine imaging findings (e.g., Modic
changes, disc degeneration) were found to have some evidence of an association with future
low back pain, however this was based on weak associations.’ If these imaging findings are
available to clinicians, they may assist clinicians to understand a patient’s prognosis, however,
it is currently not recommended to obtain imaging purely to gain this prognostic information.
Currently, clinical guidelines recommend that clinicians should not refer patients for imaging

for prognostic or diagnostic information.?*

The results from the review in Chapter Six suggest imaging findings that are predictive of
future low back pain differ depending on whether pain is present at baseline. For example, the
presence of a high intensity zone was associated with better outcomes in those with low back
pain but worse outcomes in those without low back pain at baseline. This is an important
finding that may lead to better understanding of the relationship between imaging findings and
low back pain. A recent cohort study (n=3369)% investigating the relationship between MRI
findings and future low back pain, also found that spondylolisthesis was associated with better

outcomes in those with low back pain at baseline, but worse future pain in those without low

back pain at baseline. It is also possible that the relationship between some imaging findings
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and future low back pain may be different in people with and without low back pain. Some
MRI findings may have a different clinical profile and natural history compared to others, and
research needs to account for these differences when conducting studies into the association

between MRI findings and future low back pain.

8.3.5. Implications for stratified care and low back pain

In Chapter Five we investigated the importance of a diagnosis by investigating tests to identify
the nociceptive source of low back pain and in Chapter Six explored how these specific
pathoanatomical structures may potentially provide prognostic information. The aim of both
chapters, to better understand whether a diagnosis would provide prognostic information or
lead to more targeted treatments. However, another approach to determine the prognosis of
patients with low back pain and potentially provide more targeted treatment is by exploring
stratified care approaches (i.e., STarTBack Tool). The STarTBack Tool is an important method
to stratify patients based on their risk level and provide matched care accordingly.!> The results
from Chapter Seven highlighted that there were large differences in some study level factors
in relation to the implementation of the STarTBack approach, which may explain the

differences in results between studies.

The original STarTBack RCT (Hill et al 2011%5) had a more explanatory design while in many
of the subsequent studies, the design was more pragmatic/real world. Pragmatic study designs
portray the complex nature of clinical care in real life and the difficulties of implementing
matched care. A key issue is that all studies in Chapter Seven sub-grouped participants based
on their risk scores, however not all participants went on to receive matched interventions. If
patients are not receiving the matched interventions, then the potential utility of the tool is not

realised. For example, patients in medium or high-risk groups should receive treatments
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inclusive of psychosocial interventions as per the tool. A recent randomised trial (n=492) found
that cognitive functional therapy (CFT) was effective in reducing disability at follow-up
(RMDQ: —4-6; 95% CI —5-9 to —3-4) in those with chronic low back pain, with most (90%) of
the patients in the medium to high-risk group based on the STarTBack Tool. Therefore,
providing the appropriate matched care as per the tool is arguably a vital task for clinicians.
Chapter Seven highlighted that it was often not clearly reported whether participants received
matched treatments (e.g., only 3 of 11 studies providing data on whether patients received
matched care), limiting our ability to explore this further. The effectiveness of the STarTBack
approach is also likely dependent on the amount of training of clinicians delivering the matched
care, and therefore the clinical skills to provide the matched treatments. There was substantial
variability in the amount of training provided to clinicians (range: 6 hours to 10 days) and in
half the studies it wasn’t clear the amount of training clinicians received or if training of

clinicians was even provided.

The results of Chapter Seven were limited due to poor reporting of data in studies for some of
the key study level factors. For example, reporting on whether participants received matched
care is critical to interpreting the results of studies, as it likely contributes to the different
outcomes in studies. Future research needs to better address the lack of reporting in how the
STarTBack Tool, or other stratified approaches, are implemented. Better reporting in the
literature will provide researchers a better understanding of the barriers to the effectiveness of
stratified approaches and can guide future research to design explanatory study designs before

conducting pragmatic studies.

8.4. Suggestions for future research
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Future research has the challenge of addressing the key knowledge gaps highlighted in the
chapters of this thesis. In Chapter Four, suggests a need to investigate the diagnostic accuracy
of clusters of red flags rather than individual red flags. Chapter Five and Six and highlight the
need to investigate the clinical utility of diagnostic tests and MRI findings respectively, the
nuances of different thresholds used for different index tests and MRI findings, and the lack of
standardisation of outcome measures and MRI diagnostic classifications/criteria in the field of
low back pain. Chapter Seven demonstrates the need for future research to investigate how to
best implement the STarTBack approach to address the differing results of the effectiveness of

the STarTBack approach.

8.4.1. Future research for serious low back pain

The Cochrane review in Chapter 4 suggests that we need more research, and better research,
evaluating red flags for vertebral fracture. Most of the studies included in the Cochrane review
evaluated single red flags, however this is generally not how red flags are used in clinical
practice. Future research should attempt to develop clinical decision rules based on clusters of
findings, which has previously been done in other areas of the body (e.g., Ottawa Ankle
Rules®®, Ottawa Knee Rules?’, Canadian C Spine Rules?®). These clinical decision rules are
sensitive and have been shown to reduce unnecessary imaging. The future research evaluating
these clinical decision rules will provide a useful roadmap for a research program aiming to
develop and validate a clinical decision rule for vertebral fracture in patients with low back
pain. Future research investigating clinical decision rules for red flags will need to include rule
validation and evaluation and investigate the downstream impact of applying such rules in
routine care. Future research should also consider whether these clinical decision rules need to

be different for the different types of vertebral fracture.
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8.4.2. Future research for diagnosis in non-specific low back pain

The diagnostic systematic review in Chapter Five highlights now that a diagnosis within non-
specific low back pain is possible, more research into the utility of these tests is needed. It
should be a research priority to investigate whether patients judged to have low back pain due
to the disc, sacroiliac joint, or facet joint based upon validated index tests have different
prognoses or responses to treatment compared to patients considered not to have those
conditions. There is also a need to investigate whether identifying a pathoanatomical source of
low back pain can lead to better selection of existing treatments or even prevention of future
episodes of low back pain. Future research needs to explore the pathological mechanisms
leading to pathoanatomical changes. For example, understanding the mechanisms leading to
Modic type 1 changes will create opportunities for new and more specific targeted treatments,
and help researchers and clinicians better understand prognosis. This has been successful in
other areas of medicine. A prime example is rheumatoid arthritis, once a debilitating condition
leading to deformities and joint damage, advancements in understanding pathological
mechanisms behind rheumatoid arthritis have led to the development of more targeted

treatments resulting in better outcomes.

There are also concerns around optimal thresholds for a positive test when using continuous or
ordinal index tests (e.g., MRI evidence of disc degeneration grade 3 compared to grade 5).
Future research needs to explore whether differing degrees of severity of a condition e.g., disc
degeneration grade 4-5 has a different prognosis or response to treatment than those with lower
grades of degeneration (e.g., grade 1-2). An important consideration is the impact of age on
different levels of severity, for example, a 20-year-old with disc degeneration grade 4-5 may
have a different natural course than an 80-year-old with similar levels of disc degeneration.

Future research in the low back pain field should follow the research performed in other areas
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of medicine. For example, if a patient’s blood glucose levels begin to rise, we understand that
there is a threshold in which if those levels do not decrease, they will likely develop a disease
(i.e., diabetes) which is also associated with other health comorbidities (e.g., high cholesterol,

kidney disease etc).

A key implication from the findings in Chapter Five is that future research needs to clarify the
clinical value of identifying pathoanatomical structures using diagnostic tests, as important
research has shown unnecessary testing can lead to increases in resources, costs, and negative
downstream consequences.”> However, a greater understanding of the nociceptive,
pathoanatomical, and/or psychosocial causes of low back pain may reduce over-imaging,
overdiagnosis, and consequent overtreatment. Although diagnostic studies are challenging to
conduct, they have the potential to reduce unnecessary imaging and its associated costs for low
back pain, in a field that has been challenged with over-imaging.® Future high-quality
randomised trials need to be performed to now explore whether the pathoanatomical structures
identified using such diagnostic tests has the ability to identify patients who will benefit from
further testing. The ultimate aim of this research is to improve patient outcomes in those

unresponsive to first line care.

8.4.3. Future research for prognosis of non-specific low back pain

The relationship between a diagnosis (i.e., through clinical examination findings and/or
imaging findings) and response to treatment needs to be further explored. For instance,
identifying diagnostic tests with high diagnostic accuracy will open opportunities to better
understand the association between a diagnosis (e.g., MRI evidence of Modic change) and
whether a diagnosis provides prognostic information on the natural course of the condition or

response to a specific treatment. Contrary to popular belief, there has been very little research
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investigating if a diagnosis identifies patients who respond to a specific treatment.” For
example, Steffens et al 2016%° systematic review attempted to investigate if MRI findings
predict patients who respond better to specific treatments. This review only included eight
surgical or injection intervention trials and results were based on single studies with small
sample sizes.?’ Future research needs to prioritise these issues through large scale high quality
randomised trials or gain access to independent patient data (IPD) to perform IPD meta-
analysis and explore interactions between diagnosis and treatment. For IPD meta-analysis to
be possible, there will need to be standardisation in the literature of low back pain outcome
measures and imaging findings (e.g., MRI findings).’® Another study method to better
understand responses to treatment can be through high-quality longitudinal studies aiming to
determine the clinical relevance of imaging findings (e.g., MRI) and low back pain.
Longitudinal studies will need to adjust for other key prognostic factors such as age, a patient’s

psychosocial profile, and severity of imaging findings (e.g., Pfirrman scale).

Our systematic review in Chapter Six highlighted that there is a multitude of existing data in
the literature demonstrating potential associations between MRI findings and future low back
pain; however, much of this data is difficult to utilise due to heterogeneity between studies (i.e.,
reporting of clinical outcomes, imaging findings, statistical measures). Therefore,
standardising the assessment and reporting of clinical outcomes based on recommended core
outcome measures for those with low back pain is important to utilise the existing data in the
literature.®® Standardising clinical outcome measures will allow for better comparisons
between study results and improves the interpretability of results in this area. Future studies
should aim for standardised imaging protocols and sequences. For example, MRI protocols
should include standardised descriptions and thresholds for positive MRI findings. For

example, for disc degeneration, researchers could employ a standardised threshold to classify
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the severity of disc degeneration using the Pfirrman classification (grades 1 to 5), which has
proven to be useful in research.3! A recent exploratory, cross-sectional cohort study (n=412)
found that the thresholds used to define the presence of lumbar disc degeneration influence
how strongly it is associated with low back pain.’> The Pfirrman classification has
demonstrated good inter and intra-observer agreement®* and may be an option moving forward
to standardise thresholds in research. Lastly, future research should investigate the impact of

age and psychosocial factors on associations between imaging findings and clinical outcomes.

8.4.4. Future research for stratified care and low back pain

Chapter Seven highlighted the conflicting results of studies investigating the effectiveness of
the STarTBack approach. Given the results of Chapter Seven, it is important that future
research evaluates stratified care (e.g., STarTBack approach) further. One approach is using an
explanatory research design, like the original Hill et al 2011'° study to determine if there is
merit in continuing with subsequent pragmatic studies. Alternatively, another approach is that
future research should explore implementation strategies to optimise the delivery of the
STarTBack approach. Following the initial Hill et al 2011 study, very few studies that used
a more pragmatic study design reported on the key challenges surrounding the implementation
of the STarTBack approach. A better understanding of how to best implement the STarTBack
approach to ensure greater compliance with the recommendations of the tool is needed, and
important nuances on implementation methods and feasibility needs to be further investigated.
Qualitative research to better understand the barriers clinicians face when using the STarTBack
Tool in practice and develop strategies to address barriers to compliance, could be important
to improving implementation. A better understanding of the key variables influencing the
implementation of matched treatments may help inform clinicians of the best approach to

implement stratified care in clinical practice. The STarTBack approach needs to be further
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evaluated as currently there is not enough evidence in the literature to make definitive

conclusions regarding its effectiveness in managing patients with low back pain.

8.5. Conclusion

The studies included in this thesis addressed key issues in diagnosis and targeted treatment for
low back pain. Further high-quality research in this field is needed, as there are clear challenges
in progressing diagnostic research in low back pain. However, the studies in this thesis provide
researchers and clinicians a foundation to move the field forward. To improve care for patients
with low back pain and reduce low value care (e.g., overdiagnosis), research efforts need to be
made to identify those patients where a diagnosis can provide prognostic information,
potentially prevent low back pain, and/or improve patient outcomes through more targeted and

effective treatment approaches.
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