W) Check for updates

Received: 30 August 2023 Accepted: 31 August 2023

DOI: 10.1002/msc.1816

SYSTEMATIC REVIEW WILEY

Diagnostic clinical prediction rules for categorising low back
pain: A systematic review

Charles James Hill | Anirban Banerjee | Jonathan Hill | Claire Stapleton

University of Keele, Newcastle under Lyme,

UK Abstract

Background: Low back pain (LBP) is a common complex condition, where specific
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Jonathan Hill. diagnoses are hard to identify. Diagnostic clinical prediction rules (CPRs) are known
Email: j.hill@keele.ac.uk to improve clinical decision-making. A review of LBP diagnostic-CPRs by Haskins

et al. (2015) identified six diagnostic-CPRs in derivation phases of development,
with one tool ready for implementation. Recent progress on these tools is unknown.
Therefore, this review aimed to investigate developments in LBP diagnostic-CPRs
and evaluate their readiness for implementation.

Methods: A systematic review was performed on five databases (Medline, Amed,
Cochrane Library, Psyclnfo, and CINAHL) combined with hand-searching and
citation-tracking to identify eligible studies. Study and tool quality were appraised
for risk of bias (Quality Assessment of Diagnostic Accuracy Studies-2), methodo-
logical quality (checklist using accepted CPR methodological standards), and CPR
tool appraisal (GRade and ASsess Predictive).

Results: Of 5021 studies screened, 11 diagnostic-CPRs were identified. Of the six
previously known, three have been externally validated but not yet undergone
impact analysis. Five new tools have been identified since Haskin et al. (2015); all
are still in derivation stages. The most validated diagnostic-CPRs include the
Lumbar-Spinal-Stenosis-Self-Administered-Self-Reported-History-Questionnaire
and Diagnosis-Support-Tool-to-ldentify-Lumbar-Spinal-Stenosis, and the StEP-tool
which differentiates radicular from axial-LBP.

Conclusions: This updated review of LBP diagnostic CPRs found five new tools, all in
the early stages of development. Three previously known tools have now been
externally validated but should be used with caution until impact evaluation studies
are undertaken. Future funding should focus on externally validating and assessing
the impact of existing CPRs on clinical decision-making.
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1 | INTRODUCTION

Low back pain (LBP) is the single largest cause of long-term disability
in England (Institute for Health Metrics and Evaluation, 2020), with a
growing prevalence in the United Kingdom (UK) and other developed
countries, particularly in ageing populations (Hartvigsen et al., 2018).
As such, LBP represents a major public health issue with significant
consequences for individuals, society, and the economy. The impact
of LBP on healthcare systems is substantial, accounting for a signif-
icant proportion of healthcare expenditures, with back pain alone
accounting for the highest overall disability burden from all diseases
in the UK, at 11% of total spend within the National Health Service
(NHS England National Pathfinder Project, 2014).

Among health professionals, physiotherapists spend a significant
amount of time with patients and play a major role in the rehabili-
tation of patients with LBP (Foster et al., 2018). However, the
effectiveness of physiotherapy treatments designed to improve LBP
remains suboptimal, which is partly attributed to a tendency to treat
nonspecific LBP as one homogenous condition (Herbert et al., 2011).
The term nonspecific LBP describes many different subgroups of
conditions which may respond preferentially to specific treatments
(Saragiotto et al., 2017). Some specific LBP conditions have tradi-
tionally been difficult to identify as diagnosis is based on expert
opinion and biological plausibility, with poor concordance found be-
tween clinicians (Foster et al., 2018).

Certain conditions such as lumbar spinal stenosis (LSS) and axial
spondyloarthritis (axSpA) can be difficult to identify as there is no
reliable reference standard criteria for diagnosis (Jensen et al., 2020).
In LSS, symptoms can be similar to other lower back conditions, such
as herniated discs or sciatica, and diagnostic imaging such as MRI or
CT scans may not always provide clear evidence of the condition
(Cook et al., 2020). In some cases, patients may undergo unnecessary
surgery or other invasive procedures because of an inaccurate
diagnosis (Jensen et al., 2020). To address this challenge, recent
research has focused on developing more accurate diagnostic tools
with cut-off points to rule in or rule out specific conditions. Within
the LBP literature, these are often termed ‘clinical prediction rules’
(CPRs). CPRs consider both the literature and expert opinion to
produce algorithms based on quantitative prediction models (Beat-
tie & Nelson, 2006). Generally, they are applied to support decision-
making in three areas: (1) diagnosis, (2) prognosis, or (3) treatment
response (Herbert et al., 2011). They have been shown to have
several benefits, including reducing the need for unnecessary imag-
ing, improving the accuracy of clinical assessment, and enabling more
timely initiation of treatment (Scott & Crock, 2020).

Diagnostic CPRs are a type of CPR that uses an algorithm to
estimate the probability of a specific diagnosis based on a patient's
assessment features. Given the complexity of the diagnostic process,
any algorithm used for diagnosis must include variables with high
accuracy (sensitivity and specificity) to successfully detect the target
condition (Cook et al., 2020). To identify these variables, clinicians
typically collect assessment and demographic data on a cohort of

patients and then use logistic regression analysis to explore the

association of diagnostic variables with the condition of interest
(Cook, 2008). Through this process, the most predictive items are
retained within the CPR in order to predict the probability of a
diagnosis (Cook et al., 2020). After its initial development, the diag-
nostic CPR should undergo an external validation process whereby it
is used on diverse patient groups and in diverse settings to assess its
capability to predict the same diagnosis with accuracy. Once a
diagnostic CPR is validated, it can be clinically implemented (Khalifa
et al.,, 2019), and an impact analysis should be performed to evaluate
its effectiveness in clinical decision-making, enhancing patient out-
comes, or optimising resource utilisation (van Geloven et al., 2022).

The development stage of a diagnostic CPR is believed to be
crucial for determining its suitability for use in clinical practice. If a
diagnostic CPR has not undergone external validation, it should not
be used in practice as it may only reflect chance statistical associa-
tions or be specific to the patient sample or setting from which it was
developed (McGinn et al., 2008). To determine the suitability of a
diagnostic CPR for use in similar patient populations, it is necessary
to validate its diagnostic accuracy in new (external to the derivation
sample) patient cohorts across different clinical settings. However, it
is important to note that even a validated diagnostic CPR may not
necessarily be more accurate than unassisted clinician judgement,
and its application may not always result in beneficial clinical out-
comes (Steyerberg, 2009). Therefore, impact analysis is required to
determine the potential benefits of applying a diagnostic CPR in
clinical practice with confidence (McGinn et al., 2008).

Numerous systematic reviews have investigated the effective-
ness of CPRs to support decision making in LBP treatment (Beneciuk
et al, 2009; May & Rosedale, 2009; Stanton et al., 2010; van Oort
et al., 2012; Haskins et al., 2012, 2015; Patel et al., 2013; Lubetzky-
Vilnai et al., 2014; Peterson et al., 2017; Cook et al., 2020). These
reviews focus primarily on the use of CPRs for predicting treatment
outcomes or prognosis. It has been found that most prognostic CPRs
are still in the initial derivation phases of development and have not
yet undergone external validation or a comprehensive impact anal-
ysis (Binuya et al., 2022; Haskins et al., 2015). Only two systematic
reviews, Haskins et al. (2012, 2015), have specifically examined
diagnostic CPRs, which diagnose subtypes of LBP. Consequently,
little is known about any diagnostic CPRs which have been developed
post-2015, or if any of the tools identified in this previous systematic
review have since undergone further validation.

Therefore, the aims of this study were to (1) build on the findings
of Haskins et al. (2015) and investigate any developments in diag-
nostic CPR research since its publication and (2) to summarise the
evidence of existing LBP diagnostic CPRs, and evaluate their readi-

ness for clinical practice.

2 | METHODS

A systematic review was selected as this is the gold standard method
for synthesising evidence from the literature (Munn et al., 2018). To

ensure transparent and comprehensive reporting of the review
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findings, the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines 2020 were followed (Page
et al, 2021).

The full operational description of diagnostic CPRs in this review
is described in Table 1, based on descriptions of diagnostic decision-
making tools from Aggarwal et al. (2015) and Haskins et al. (2015).

2.1 | Eligibility criteria

The review's eligibility criteria (Table 2) were adapted from published
protocols of previous reviews in this area (Haskins et al., 2015; Van
Oort et al., 2012).

2.2 | Search strategy

To identify relevant diagnostic CPRs for the nonsurgical management
of adults with LBP, a thorough two stage systematic literature search
was conducted to capture derivation, validation, or impact analysis
studies. Firstly, five databases were searched (Medline, AMED,
Cochrane Library, Psychinfo, and CINAHL) using highly sensitive
adaptations of search strings proposed by Geersing et al. (2012) for
identification of diagnostic studies. Studies were captured from
January 2013 to January 2023 to capture the literature since the
Haskins et al. (2015) review. Where appropriate, the strategy con-
tained Boolean operators, truncations, and MeSH headings. The full
search strategy (Appendix A1) was consistent with terms used pre-
viously in similar systematic reviews to identify CPRs related to
prognosis and diagnosis (Beneciuk et al., 2009; Haskins et al., 2012,
2015; Van Oort et al., 2012). It was concluded that the previous
systematic review by Haskins et al. (2015) captured all relevant

TABLE 1 Operational features of diagnostic clinical prediction
rules (CPRs) included in this review.

The diagnostic CPR is a clinical decision-making tool using patient data
to estimate the likelihood of a specific diagnosis.

The diagnostic CPR may use a combination of clinical (physical
examination, imaging, laboratory tests), demographic (patient's age,
sex, race, ethnicity), and environmental data (patient's occupation
or lifestyle) to generate a risk score or probability estimate for a
LBP condition.

The goal of the diagnostic CPR should be to improve diagnostic
accuracy and identify patients who may benefit from further
diagnostic testing or referral to a specialist.

The diagnostic CPR should be developed and validated using large
datasets and formal statistical methods to ensure that it is accurate
and reliable for detecting a diagnosis.

The diagnostic CPR is distinct from classification criteria and screening
tools, which are primarily used to identify patients with certain
features or risk factors of disease who need further testing, but do
not provide a specific probability estimate for diagnosis of a
condition.

literature from the inception to 2013 for all five databases. Studies
identified in the search were uploaded to the reference manager
software RefWorks for duplicate removal. Secondly, hand searching
and citation tracking were later used as supplementary search stra-
tegies for identified studies. Table 3 illustrates one of the five data-
base search strategies used.

The search results were processed using Rayyan, a screening
software developed by Ouzzani et al. (2016) (https://rayyan.ai), after
removing duplicates using RefWorks. A reviewer (CH) assessed the
title and abstract eligibility of identified studies, with a second blin-
ded reviewer (PG) screening a random 10% of titles and abstracts.
The agreement between the two reviewers was determined using a
Cohen's Kappa coefficient (k). Kappa was categorised according to
Landis and Koch (1977) with values of 0-0.2 indicating ‘slight’, 0.21-
0.40 ‘fair’, 0.41-0.60 ‘moderate’, 0.61-0.80 ‘substantial’, and 0.81-
1.0 ‘almost perfect’. Potentially eligible studies underwent full-text
screening (CH), with eligible studies listed for full data extraction.
A further random set of full-text studies (10%) underwent secondary
reviewer blinded screening (PG) and the k agreement between re-
viewers was calculated. In the event of disagreement between the
reviewers, a consensus meeting was held with a third independent

reviewer (CS) to provide the final judgement.

TABLE 2 Study eligibility criteria.
Inclusion criteria

1. Studies reporting on the derivation, validation, or impact analysis
of a diagnostic CPR related to the nonsurgical management of
adults with LBP

2. The tool under development contains 2 or more predictor
variables

3. The tool was derived using a formal statistical method such as
logistic regression analysis whereby candidate predictor variables
are selected for inclusion in the final diagnostic CPR due to their
association with specific LBP conditions

4. The tool is presented in sufficient detail as to inform clinical
diagnosis

Exclusion criteria

1. Ineligible article types: Conference proceedings/abstracts,
dissertations, commentaries, reviews, editorials, letters, study
protocols, case reports, books, book reviews, clinical practice
guidelines

2. Derivation studies of screening tools and classification criteria

3. Studies published before 2013; except for those detailed in the
Haskins et al. (2015) paper

4. Studies not written in the English language
5. Studies with no full text available

Note: (1) Non-surgical management of adults was chosen to limit
irrelevant tools around. (2) Studies were chosen from 2013 onwards as
the search strategy of Haskins et al. (2015) dated from database
inception to 2013. (3) As Haskins et al. (2015) was the latest relevant
systematic review, the author concluded that this paper had accurately
identified all diagnostic CPRs up to this point.
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TABLE 3 CINAHL via EBESCO search strategy.

S5 S1 and S4 and (S2 OR S3) limiters: English language, excluding
MEDLINE records, humans only, full text only, 2013-2023
(n = 393)

S4 (Diagnosis or diagnosing or diagnostics)

S3 Stratification OR mh ‘ROC Curve’ OR discrimination OR
discriminate OR c-statistic OR c statistic OR ‘Area under the
curve’ OR AUC OR calibration OR indices OR algorithm OR
multivariable

S2 (Validat* OR ti predict* OR rule*) OR (predict* AND (outcome* OR
risk* OR model*)) OR ((history OR variable* OR criteria OR
scor® OR characteristic* OR finding* OR factor*) AND (predict*
OR model* OR decision* OR identif* OR prognos*)) OR
(decision* AND (model* OR clinical* OR MH ‘logistic
regression-+')) OR (prognostic AND (history OR variable* OR
criteria OR scor* OR characteristic* OR finding* OR factor* OR
model*))

S1 ‘Dorsalgia’ OR (MH ‘Back Pain+') OR (MH ‘Low Back Pain’) OR
‘backache’ OR (lumbar W1 pain) OR (lumbar N5 pain) OR (MH
‘Coccyx’) OR (MH ‘Sciatica’) OR ‘sciatica’ OR ‘coccyx’ OR
‘coccydynia’ OR ‘back disorder® OR (MH ‘Lumbar Vertebrae’)
OR (lumbar N2 vertebra) OR (MH ‘Thoracic Vertebrae’) OR
(MH ‘Spondylolisthesis’) OR (MH ‘Spondylolysis’) OR ‘lumbago’

2.3 | Data extraction and quality appraisal

Risk of bias (RoB) was evaluated using the validated QUADAS-2 tool
(Quality Assessment of Diagnostic Accuracy Studies-2) designed for
multivariable prediction studies (Whiting et al., 2011). Following the
approach described by McGinn et al. (2000), all subsequent deriva-
tion and validation studies for each diagnostic CPR identified were
also considered for evaluation. An additional standardised method-
ological appraisal of studies included for analysis was performed in
keeping with the approach of two previous systematic reviews of
CPRs (Haskins et al., 2012, 2015). Each criterion was scored as ‘high’,
‘low’, or ‘unclear’ RoB. Full tables can be found in Appendix A2. This
tool was specifically selected because it contains items that follow
international standards for CPR methodological development (Beat-
tie & Nelson, 2006; Steel et al., 2012). The QUADAS-2 and the
methodological quality appraisal tool were independently applied by
one reviewer (CH).

The validated Grade and Assess Predictive tool (GRASP) frame-
work was used to quality appraise the diagnostic CPRs identified
(Khalifa et al., 2019). The GRASP tool was chosen because unlike
previous appraisal approaches such as the ‘Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis’
(TRIPOD) statement (Collins et al., 2015), or the Critical Appraisal and
Data Extraction for Systematic Reviews of Prediction Modelling
Studies (CHARMS) checklist (Moons et al., 2014), it evaluates the
predictive performance of CPRs as well as usability and post-
implementation impact (Khalifa et al.,, 2019). Although the GRASP
framework is not specific to diagnostic CPRs but is relevant to pre-
diction tools more generally, it was still appropriate to use this
framework when appraising diagnostic CPRs identified (Khalifa
et al., 2019).

For each study, data were extracted into a Microsoft Excel
(2023) document to reflect the GRASP tool items: diagnostic CPR
name, authors, year, intended use, intended user, category (diag-
nostic, prognostic or treatment responsive), clinical area, target
population, target outcome, action, input source, input type, local
context, study methodology (design, participant characteristics,
reference standard, statistical methods, outline of the tool itself, cut-
off points for diagnosis, performance) (sensitivity, specificity, cali-
bration, area under ROC curve [AUC]), endorsement, automation flag
(manual or automatic), total tool citations, total studies reported in,
the phase of evaluation, grade assigned, direction of current evi-
dence, and justification for the assigned grade (see Khalifa
et al., 2019). The calibration in predictive modelling refers to the
degree of agreement between the predicted probabilities of an event
occurring and the actual proportion of observed events (Van Calster
et al.,, 2023).

3 | RESULTS
3.1 | Study selection

The search strategy yielded 5021 studies, which following duplicate
removal (n = 329) and the addition of studies identified from citation
searching (n = 33), resulted in 4725 unique studies for title and ab-
stract screening. Following screening, there were 160 studies sought
for full text retrieval, of which three were not available in English. A
total of 16 studies met the inclusion/exclusion criteria and reported
either the derivation, validation, or impact analysis of a diagnostic
CPR. See Figure 1 for the full PRISMA flow diagram.

Agreement between reviewers (CH and PG) was ‘almost perfect’
(k=10.97; 95% Cl: 0.95, 0.99; absolute agreement, 98.3%) for the 10%
of titles and abstracts screened (n = 474) and ‘almost perfect’
(k=0.80; 95% Cl: 0.48, 1.13; absolute agreement, 86.7%) for the 10%
of full text articles screened (n = 15). Disagreements during the full
text stage of screening (n = 3) were resolved by consensus without
the need for a third reviewer (CS). See Appendix A4 for full

calculations.

3.2 | Study characteristics

The 16 studies included for analysis contained 11 separate LBP
diagnostic CPRs created between 2007 and 2022. The review iden-
tified nine derivation studies, five validation studies, and two studies
describing both derivation and validation. One study (Tominaga
et al., 2022) described the diagnostic accuracy of two separate
diagnostic CPRs (Konno, Kikuchi, et al. (2007), Konno, Hayashino,
et al. (2007)). No impact analysis studies were found. Diagnostic
CPRs were developed in Japan (n = 3), Germany (n = 2), France
(n = 1), the UK (n = 1), United States (n = 1), Thailand (n = 1), China
(n = 1) and one was developed in the United States and later vali-
dated in the UK. The characteristics of identified studies are
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Identification of studies via databases and registers
S Studies identified from: Studies removed before
B Databases (n=5021) screening:
gi:; Registers (n=0) Duplicate studies removed
& Citation searches (n=33) (n=329)
=2 Studies marked as ineligible by
g automation tools (n=0)
PR \ 4
Studies screened: Studies excluded:
(n=4725) (n=4532)
v
= Studies sought for retrieval: Studies not retrieved:
§ (n=160) (n=3)
S v
wv
Studies assessed for eligibility: | Studies excluded:
(full text) (n=157) Reason 1 (n=93)
Reason 2 (n=5)
Reason 3 (n=41)
————
Reason 4 (n=2)
' N\ "
g Studies included in the review:
% (n=16)
£
—
Reason 1: Not diagnostic CPR related to adults with LBP (i.e., screening tool or classification
criteria) following the operational description within this review.
Reason 2: No formal statistical methods of model derivation
Reason 3: Ineligible article type (i.e., not a derivation, validation, or impact analysis study)
Reason 4: Surgery

FIGURE 1 PRISMA 2020 reporting of study screening process.

described in Table 4 with additional detail provided in the GRASP
forms (see Appendix A3). Published studies ranged in sample size
from 86 to 33,545 patients and had a mean age between 36 and
70.5 years.

Of the 11 diagnostic CPRs found, diagnostic decision support
was available for lumbar spinal stenosis (LSS) (n = 1), radicular or
neurogenic claudication type LSS (n = 1), lumbar vertebral fracture
(n = 1), osteoporotic vertebral compression fracture (OVCF) (n = 1),
axial or radicular LBP (n = 1), axial spondyloarthritis (n = 2), sciatica
(n = 1), lumbar instability (n = 1), multiple LBP diagnoses (nh = 1) and
occupation related LBP (n = 1). To indicate the likelihood of a diag-
nosis, diagnostic CPRs either used a risk scoring index (n = 9) or a
classification and regression tree algorithm (n = 2). Of the 11 deri-
vation studies, five employed a prospective design, four were retro-

spective, and two were cross-sectional.

3.3 | Methodological appraisal

Tables 5 and 6 present the methodological quality of identified
derivation and validation studies using an approach previously seen
in other CPR related systematic reviews. Among the 11 derivation
studies (Table 5), aspects of quality that were poorly reported
included predictor collinearity (n = 3/11), uncertainty in post-test
probability (n = 2/11), and uncertainty in diagnostic CPR accuracy
(n = 3/11). Except for Benditz et al. (2019), all studies provided a
description of the mathematical techniques used in the derivation of
the diagnostic CPR and important patient study characteristics. The
four diagnostic CPR studies that had the highest methodological
quality were Konno, Kikuchi, et al., 2007; Scholz et al., 2009; Stynes
et al,, 2018; Chatprem et al., 2021. The remaining seven studies met

less than 50% of the appraisal items.
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TABLE 4 Characteristics of included studies.

Tool name and
related studies (first
author)

LSS-DST

Derivation
Konno, Hayashino,
et al. (2007)

Validation
Kato et al. (2009)

Tominaga
et al. (2022)

Vert frac

Derivation
Roux et al. (2007)

LSS-SSHQ?

Derivation
Konno, Hayashino,
et al. (2007)

Validation
Konno, Hayashino,
et al. (2007)

Kato et al. (2015)

Aghaei et al. (2015)

Tominaga
et al. (2022)

StEP

Derivation
Scholz et al. (2009)

Validation
Scholz et al. (2009)

OVCF

Derivation
Roman et al. (2010)

AXSpA

Derivation
Braun et al. (2011)

No. of
patients

468

118

3331

410

115

250

33,545

235

3331

130

194

1448

322

Mean age Sex
(male %) Population studied

(years)

65.0

68.2

70.5

74.3

69.5

59.5

68.5

59.4

70.5

57.5

50.3

56.5

36.0

45.9

52.5

52.6

47.2

49.0

44.8

417

52.6

49.0

57.2

40.5

49.9

Adults with numbness and
pain in the legs

Adults with numbness and
pain in the legs

Adults with numbness and
pain in the legs

Females with osteoporosis
aged 65-85 years with
back pain

Patients recovering from
surgery with identified
radicular or neurogenic
claudication type LSS.

Adults with pain and
numbness in the legs

Consecutive adults >50 years

of age

Adults with pain and
numbness in the legs

Patients with diabetic
polyneuropathy,
postherpetic neuralgia or
chronic LBP symptoms.

Adults with chronic LBP

Adults with low back pain
with or without leg pain

Condition of interest

Lumbar spinal stenosis (LSS)

Vertebral fracture (vert frac)

LSS: Radicular or neurogenic
claudication type

To differentiate between pain

subtypes

Axial or radicular LBP

Osteoporotic vertebral
compression fracture
(OVCF)

Chronic back pain >2 months Axial spondyloarthritis

but <10 years, aged
between 16 and 45

(AxSpA)

Reference standard

Unblinded consensus from
expert panel of surgeons
considering history,
physical examination, and
radiographic findings.

Unblinded consensus from
expert panel of surgeons

Unblinded diagnosis by single
orthopaedic physician

Spinal radiograph showing a
grade >1 vertebral
fracture

Consensus from expert panel
of surgeons

Blinded consensus from
expert panel of surgeons

Blinded orthopaedic
physician.

Consensus from expert panel
of surgeons (blinding
unclear)

Diagnosis by neurosurgeon,
rheumatologist, and
spinal physiotherapist
following examination
and imaging

Radiographic findings
interpreted by expert
clinician

Expert opinion from
rheumatologist
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TABLE 4 (Continued)

Tool name and

Condition of interest

German adults with back pain  Ankylosing spondylitis, facet
joint arthritis, herniated
disc, spondylodiscitis,
osteoporotic vertebral
fracture, lumbar spinal
stenosis, and
spondylolisthesis

Lumbar instability (Ix inst)

QOccupational-LBP (occ LBP)

related studies (first No.of Mean age Sex
author) patients (years) (male %) Population studied
Keele SCIATICA
Derivation 394 49.8 40.0 Adults with low back related Sciatica
Stynes et al. (2018) leg pain
Regensburg
Derivation 111 59.0 47.7
Benditz
et al. (2019)
Validation 86 49.0 53.5 German adults with back pain
Benditz
et al. (2021)
Lx inst
Derivation 140 36.0 38.6 Adults between 20 and
Chatprem 60 years with chronic low
et al. (2021) back pain (>3 months)
Occ LBP derivation
Saengdao 220 38.5 5 Adults with LBP by NMQ
et al. (2021) screening (nordic MSK
questionnaire)
Clinical nomogram
Derivation 638 38.1 66.1

Ye et al. (2022)

Adults confirmed with either Axial spondyloarthritis
axSpA (n = 424) or non-
axSpA (n = 214)

Reference standard

Clinical diagnosis + MRI
findings

Experienced spinal surgeon

X-ray imaging read by a
blinded trained observer

Diagnosis by three
occupational medicine
physicians

Rheumatologist confirmation
using ASAS® criteria

aSelf-Administered, Self-Reported History Questionnaire.
PAssessment of SpondyloArthritis international Society.

Methodological quality was considered high in three out of
four validation studies (Kato et al., 2009, 2015; Tominaga
et al., 2022). All but one study (Benditz et al., 2021) validated the
tool externally on an independent sample in a different clinical
setting and described the uncertainty in tool accuracy. All included
validation studies accurately applied the diagnostic CPR in
practice.

3.4 | Risk of bias in studies

Table 7 presents the RoB of identified studies (n = 16) using the
QUADAS-2 tool. Five studies had a low overall RoB (Aghaei et al.,
2015; Benditz et al., 2019, 2021; Kato et al., 2015; Roux et al., 2007;
Ye et al., 2022) and nine studies demonstrated acceptable applicability
(Aghaei et al., 2015; Benditz et al., 2019, 2021; Chatprem et al., 2021;
Kato et al., 2009, 2015; Roux et al., 2007; Tominaga et al., 2022; Ye
et al., 2022).

RoB concerning the ‘patient selection’ domain was generally low
(n = 12) but considered high in four studies (Chatprem et al., 2021,
Roman et al., 2010; Saengdao et al., 2021; Stynes et al., 2018). The
RoB regarding the ‘index test’ domain was frequently unclear (n = 7)
but was considered high in two cases (Scholz et al., 2009; Stynes
et al,, 2018). The RoB concerning the ‘reference standard’ domain
was deemed high in five studies (Braun et al., 2011; Kato et al., 2009;
Konno, Hayashino, et al., 2007; Saengdao et al., 2021; Tominaga
et al., 2022), and unclear in three studies (Aghaei et al., 2015; Konno,
Hayashino, et al., 2007; Scholz et al., 2009). The RoB concerning the
‘flow and timings’ domain was generally low (n = 14), but high in two
studies (Kato et al., 2009; Konno, Hayashino, et al., 2007). Applica-
bility concerns for studies were generally consistent with their
respective RoB values, but there were fewer applicability concerns
regarding the reference standard for clinical diagnosis.

Figure 2 illustrates the QUADAS-2 results of the 16 included
studies. Limitations with respect to having a diagnostic reference

standard led to the most frequent potential RoB among studies
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TABLE 5 Derivation studies—methodological appraisal.

Items®
Study (first author) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 Total (Y)
Konno, Kikuchi, et al. (2007) Y Y N Y Y Y N Y Y N Y Y Y Y N NA N N Y 12
Roux et al. (2007) Y P N P Y P Y N P N Y P Y/ N N N NA N Y 6
Konno, Hayashino, et al. (2007) Y P N Y Y N Y N N N Y P Y N N NA N N Y 7
Scholz et al. (2009) Y Y Y N Y Y Y N N N Y Y N N N NA Y Y Y 11
Roman et al. (2010) N Y P Y Y Y N N P N Y N N N N N Y N N 6
Braun et al. (2011) Y P N Y Y N Y N N N Y P Y Y N NA N NA Y 8
Stynes et al. (2018) N Y Y Y Y Y N Y Y Y Y P Y/ N N NA Y Y Y 13
Benditz et al. (2019) N Y N N N N Y N Y Y N N N N N N N N Y 5
Saengdao et al. (2021) N Y N Y Y Y N N P N Y N N N N N N N Y 6
Chatprem et al. (2021) N Y Y P Y Y Y Y Y Y Y P Y Y Y N N N Y 13
Ye et al. (2022) N N P Y Y Y N Y Y Y Y N Y N N N N N Y 9

Note: The collinearity of predictors refers to variables in the model which are highly correlated with each other, so the unique contribution of each
predictor on the outcome variable is difficult to determine. By not establishing collinearity of predictors this can lead to overfitting, where the model
becomes too complex and is not generalisable to new patient groups. The post-test probability describes the probability of the patient having a
condition after considering the result of the tool. Therefore, describing the uncertainty of this measure can help clinicians determine the confidence in
the tools prediction (i.e. through confidence intervals), to account for uncertainty in the accuracy of the test, or variability in the patient population.
Uncertainty in diagnostic accuracy is common due to poor sensitivity or specificity of a CPR. Significant variability in test results may suggest that the
tool is not appropriate for use.

Abbreviations: N, no; NA, not applicable; P, partly; VY, yes.

ltems: (1) Prospective design; (2) study site described; (3) justification for the number of participants; (4) representative sample; (5) important patient
characteristics described; (6) candidate predictor variables justified; (7) blinded predictor assessment; (8) predictor variables have demonstrated
reliability; (9) reference standard valid and reliable; (10) blinded assessment of reference standard; (11) mathematical techniques described; (12)
reporting and handling of missing data; (13) 10 outcome events per variable in the final model; (14) 10 outcome events per candidate variable; (15)
collinearity of predictor variables assessed; (16) predictor variables kept continuous; (17) uncertainty in CPR accuracy described; (18) uncertainty in
post-test probability described; (19) nonparadoxical performance.

TABLE 6 Validation studies—methodological appraisal.
The completed GRASP form for each individual study is available

Items® in Appendix A3. Out of the 16 identified studies, nine reported the

Study (first author) 1 2 3 45 6 7 8 9 Total(Y) discriminative abilities of the diagnostic CPR to detect the condition
Benditzetal. (2021) N P N Y N N N N NA 1 of interest using an AUC (ranging from 0.71 to 0.98). Two studies
Kato et al. (2009) YYPYNYJY Y NA 6 reported the associated AUC confidence interval. The sensitivity and
specificity of the diagnostic CPR for ruling in and ruling out a diag-

Kato et al. (2015) YYYyYyy Ny Bl nosis was reported in all studies except for Benditz et al. (2019) and
Tominagaetal. (2022) Y Y Y Y Y N Y Y Y 8 Saengdao et al. (2021). The StEP tool (Scholz et al., 2009) demon-
Abbreviations: N, no; NA, not applicable; P, partly: Y, yes. strated the best discrimination (AUC = 0.98, p < 0.001; sensi-
2ltems: (1) Prospective validation in new sample; (2) different clinical tivity = 92.0%, specificity = 97.0%) for detecting a diagnosis between
setting; (3) representative sample; (4) the rule is applied accurately; (5) radicular and axial LBP. Six of the 11 studies reported the diagnostic

reliability of the rule is assessed; (6) complete follow-up; (7) reporting
and handling of missing data; (8) accuracy uncertainty described; (9)
post-test probability uncertainty described.

CPR model's calibration using the Hosmer-Lemeshow tests
(mean = 0.37). Only one of these (Benditz et al., 2019) was consid-
ered poorly calibrated with p < 0.001.

Table 9 is adapted from Khalifa et al. (2019) and presents the

(31%), primarily due to concerns regarding the reliability and validity evidence for the 11 diagnostic CPRs based on their stage of

of unblinded expert opinions. development using the GRASP grading of diagnostic prediction
tools. All identified diagnostic CPRs underwent internal validation,
but only three had external validation (LSS-SSHQ, LSS-DST and

3.5 | Results of individual studies StEP), and two of which were externally validated multiple times

(LSS-SSHQ and LSS-DST). These diagnostic CPRs, therefore, had
Table 8 summarises the predictive performance of the tools in the most supporting evidence and were assigned a GRASP grade
accordance with the GRASP tool. C1. It should be noted that despite the external validation sample
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TABLE 7 Study risk of bias (RoB) and applicability concerns using Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)
tool.

Risk of bias Applicability concerns
Flow
Patient Index Reference and Patient Index Reference
Study (first author) selection tests standard timing selection tests standard
Konno, Kikuchi, et al. (2007) LSS-SSHQ Low Unclear Unclear Low Low Unclear Low
LSS-DST Konno, Hayashino, Low Unclear High High Low Unclear High
et al. (2007)

Kato et al. (2009) Low Low High High Low Low Low
Scholz et al. (2009) Low High Unclear Low Low High Unclear
Roux et al. (2007) Low Unclear Low Low Low Unclear Low
Braun et al. (2011) Low Low High Low Low Low High
Roman et al. (2010) High Unclear Low Low High Unclear Low
Aghaei et al. (2015) Low Low Unclear Low Low Low Unclear
Kato et al. (2015) LSS-SSHQ Low Unclear Low Low Low Unclear Low
Stynes et al. (2018) High High Low Low High High Low
Benditz et al. (2019) Low Low Low Low Low Low Low
Saengdao et al. (2021) High Unclear High Low High Unclear Low
Benditz et al. (2021) Low Low Low Low Low Low Low
Chatprem et al. (2021) High Unclear Low Low Low Unclear Low

Ye et al. (2022) Low Low Low Low Low Low Low
Tominaga et al. (2022) Low Low High Low Low Low Low

Note: Patient selection: this investigates RoB in aspects of study design like inclusion exclusion criteria, sampling methods, or the definitions used around
LBP conditions. Index testing: this explores RoB around the tool itself (i.e. blinding to the result of the reference standard). Reference standard: this
explores the validity of the reference standard of diagnosis (i.e. its ability to classify the target condition correctly, or blinding to the index test result).
Flow and timing: determines whether all patients received the same reference standard, and if they were included in analysis. It also looks at the time
between the reference standard and the index test.

Flow and timings | ] @Llow M@High B@Unclear

veterencestandrd [ | ]
Index tests | - | [ - |

QUADAS 2 domains

Patient selection | e | [ ]

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80%  100%

Proportion of studies with low, high or unclear

Proportion of studies with low, high or unclear RISK of BIAS X
CONCERNS regarding APPLICABILITY

FIGURE 2 Summary of Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) results.

for the LSS-SSHQ being large (n = 33,545), it was still able to et al, 2015). The LSS-DST was also externally validated multiple
demonstrate moderate sensitivity (79.8%) and specificity (68.8%) times by Kato et al. (2009) and later by Tominaga et al. (2022).

for detecting lumbar spinal stenosis in primary care (Kato Kato reported low specificity (40%); however, the accuracy of this
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TABLE 8 Predictive performance of included diagnostic clinical prediction rules (CPRs).

Discrimination

Tool and study (first author) AUC?
LSS-SSHQ
Konno, Kikuchi, et al. (2007) 0.80 (derivation)

Aghaei et al. (2015) 0.78 (validation)

Kato et al. (2015) Not reported

Tominaga et al. (2022) Not reported

Vert frac

Roux et al. (2007) 0.77
LSS-DST

Konno, Hayashino, et al. (2007) 0.92

Kato et al. (2009) Not reported

Tominaga et al. (2022) Not reported
StEP

Scholz et al. (2009) 0.98
OVCF

Roman et al. (2010) Not reported
AxSpA

Braun et al. (2011) 0.71
Keele SCIATICA

Stynes et al. (2018) 0.95
Regensburg

Benditz et al. (2019) Not reported

Benditz et al. (2021) Not reported

Lx inst

Chatprem et al. (2021) 0.78
Occ-LBP

Saengdao et al. (2021) 0.90

Clinical nomogram
Ye et al. (2022) 0.90

2(Area under ROC curve).
bProbability.
“Chai squared.

result was limited by a small sample size (n = 118) and high RoB
due to poor agreement around the reference standard for LSS. The
specificity of the LSS-DST was later reported as 76% in a larger
(n = 3331), more robust study from Tominaga et al. (2022). The
study reported excellent discrimination for detecting axial and
radicular LBP (AUC 0.98; p < 0.001) and showed high usability

between patients and clinicians. This was assigned a GRASP grade

Sensitivity %,
specificity %

84.0, 78.0

Radicular type: 97.8, 66.6
Neurogenic type: 97.0, 80.0

79.8, 68.8

83.0, 57.0

70.9, 68.6

928,720

95.0, 40.0

910, 76.0

92,0, 97.0

37.0, 96.0

47.8, 86.1

85.0, 88.0

Not reported

Not reported

5.6, 99.0

Not reported

93.9, 624

Calibration
Hosmer-Lemeshow
goodness-of-fit

Not reported

Not reported

Not reported

Not reported

Not reported

X2 = 11.3, p° = 0.19

Not reported

Not reported

Not reported

Not reported

Not reported

x? =114,p =0.18

x*> = 10.5, p < 0.001

Not reported

p=0.33
p = 0.67
p =0.85

B1. Tools developed before 2018 were cited more frequently
(mean citations, n = 109) compared to newer tools (mean citations,
n = 2). Despite not being widely reported in other studies, the
diagnostic CPRs developed by Stynes et al. (2018), Saengdao
et al. (2021), and Ye et al. (2022) have all shown strong positive
evidence and low risk of bias during the early stages of

development.
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TABLE 9 Summary of Grade and Assess Predictive tool (GRASP) grading of 11 diagnostic clinical prediction rules (CPRs).

Tool Information Impact After During Predictive
Implementation | Implementation | Performance Before
Implementation
>
(72} =
3 |8 6
Tools s |2 3 s | § s
& |2 |3 5 So 8 |32
= | s 2 3 R &
g |5 @ = SE © =
= kel ) L S = S ©
o ® 2| > © =2 2 =
E|S |5|& |Z o8 |
= o o | B c £E8| € o =
© o = | 2 9] OE|l © O o
> @ * Tool g | 8 S| 8 ° 23| Rec |2
] o ) Grad ] (o] ®» | O o W= wo | £
S g |5 | g e
Q o = 2 | assigned | A1 | A2 A3 | B1 B2 C1 Cc2 C3
LSS-SSHQ Japan 2007 108 | 3 C1 . . .
Vert Frac France 2007 | 47 1 C3 0
LSS-DST Japan 2007 107 | 3 C1 . 0 o
StEP USA & 2009 | 311 |2 B1
UK | o O
OCVF USA 2010 | 24 1 C3 .
AXSpA Germany | 2011 | 131 | 1 | C3 ®
Keele UK 2018 | 34 1 C3
SCIATICA .
Regensburg | Germany | 2019 | 4 2 | C3 O
Lx Inst Thailand | 2021 | 2 1 [C3 (D)
Occ-LBP Japan 2021 | O 1 C3 .
Clinical China 2022 2 1 C3 .
Nomogram
Evidence Positive Evidence . Mixed Evidence Supporting Positive Conclusion o
Direction
Negative Evidence o Mixed Evidence Supporting Negative Conclusion O

4 | DISCUSSION
4.1 | Summary of findings

This review aimed to summarise LBP-related diagnostic CPRs and
evaluate their readiness for implementation in clinical practice. To
the authors' knowledge, this is the only systematic review since
Haskins et al. (2015) to have synthesised the evidence of LBP diag-
nostic CPRs. In total, 11 diagnostic CPRs were identified in this re-
view, six of which were previously identified by Haskin et al. (2012)
and again by Haskins et al. (2015), and five were more recently
developed. In keeping with the conclusions made by Haskins
et al. (2015), this review also found that the majority of these diag-
nostic CPRs have not yet been developed past the initial derivation
phase (n = 8/11), and therefore cannot be recommended for imple-
mentation into clinical practice at present. Three identified diagnostic
CPRs were externally validated at least once and have shown mod-
erate utility in providing diagnostic support in patients with LSS (LSS-
SSHQ, LSS-DST) or axial/radicular type LBP (StEP). The StEP tool was
the only diagnostic CPR to report its usability, being deemed ‘highly
useable’ by patients (n = 134) and having high clinical face-validity.

There were no differences in the usability of the StEP tool when used
with either axial or radicular LBP patients (Scholz et al., 2009). The

clinical impact of these three diagnostic CPRs remains unclear.

4.2 | Results in the context of other evidence

The lack of validation studies highlighted in this review is not un-

common for clinical prediction rules (Steyerberg, 2009). Several pa-

pers have highlighted a concerning trend of academic teams

developing new CPRs instead of externally validating or updating

existing ones (Binuya et al., 2022; Bouwmeester et al., 2012; Hen-
driksen et al., 2013; Moons et al., 2009), with even fewer studies
properly testing their impact on clinical decision-making or patient

outcomes (Reily et al., 2003). It is therefore not surprising that the

overwhelming majority of developed prediction models are not used

in practice when there is a lack of external validation studies

describing their performance in external samples (van Calster

et al., 2023).

Inadequate reporting of sample size justification and procedures

for managing missing data is a persistent issue in this field, despite
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the emphasis on these factors in various reporting guidelines
(Bouwmeester et al., 2012). The present study, similarly identified
that sample size justification (3/11) and missing data processes (2/11)
were also poorly reported, highlighting ongoing concerns with these
methodological issues. In a large systematic review of over 120 non-
LBP predictive models (Collins et al., 2014), the calibration (the
agreement between the predicted probabilities from the CPR and the
outcome of interest, i.e., LSS) was deemed poorly reported in studies,
despite being a key measure of CPR performance. This held true in
the current study for the earlier diagnostic CPRs identified (2007-
2011), in which only 1/6 studies reported calibration. However, be-
tween 2011 and 2022, a significant improvement in calibration
reporting was seen, with all five studies reporting calibration
adequately. This may be attributed to the publication of the TRIPOD
(transparent reporting of multivariable prediction models for indi-
vidual prognosis or diagnosis) statement developed by Collins
et al. (2015), which includes ‘calibration’ as one of 22 essential items
on their checklist designed to guide the reporting of prediction model
studies.

It should be noted that prognostic LBP tools, such as STarT Back
(Hill et al., 2008) and Orebro (Linton & Halldén, 1998), have not only
been extensively externally validated in different settings but also
undergone experimental and observational study designs (GRASP
grade A1l). By comparison, these diagnostic CPRs have so far only
undergone usability testing (GRASP grade B1).

One finding from this RoB appraisal (QUADAS-2) was the high
RoB concerning the reference standard, especially in tools related to
the diagnosis of LSS (n = 3/5 tools with high reference standard RoB).
Due to poor reporting of blinding and robustness of the reference
standard used, the clinical utility of the LSS-DST and LSS-SSHQ re-
mains uncertain. For example, some studies used the attending
physician's impression, whereas others were more thorough and used
a panel of orthopaedic surgeons to confirm diagnosis. In the absence
of a gold standard for diagnosing LSS (Cook et al., 2020), clinicians
should exercise caution when interpreting the diagnostic perfor-
mance of these tools.

4.3 | Limitations

This review used an operational definition of a diagnostic CPR
designed to reflect the most common use of the term ‘CPR’ in the
literature, considering definitions from other relevant systematic
reviews (Haskins et al., 2012, 2015). Eligible studies were sensitive to
meeting this operational definition, which was the largest reason for
exclusion after full text screening. For example, this definition
excluded studies deemed to be ‘clinical classification criteria’ or
‘screening tools’, because the American College of Rheumatology
highlights that the purpose of these tools is not to support diagnostic
decision-making (Aggarwal et al., 2015). Due to these recommenda-
tions, the ‘ASAS classification criteria’ for ankylosing spondylitis
(Sieper et al., 2009), and the ‘chronic LBP screening tool’ for patients

who might benefit from psychological assessment (Apeldoorn

et al,, 2012), were both excluded despite being previously labelled as
diagnostic CPRs by Haskins et al. (2015). Alternative operational
definitions of diagnostic CPRs would likely have led to different tools
being included in the evidence synthesis.

It should be noted that in the absence of a validated methodo-
logical quality appraisal tool for CPRs (Binuya et al., 2022), the
methodological quality appraisal items used in this study were based
on well-cited CPR methodological standards (Cowley et al., 2019),
and recent CPR systematic reviews. Furthermore, the methodological
quality (GRASP) and RoB appraisals were performed by a single
reviewer (CH), increasing the risk of reviewer or confirmational
biases (Drucker et al., 2016); therefore, findings should be inter-

preted with caution.

4.4 | Implications

This evidence synthesis found five additional diagnostic CPRs that
have been developed since the Haskins et al. (2015) review; however,
none of these have been sufficiently validated for use in clinical
practice. Three diagnostic CPRs (LSS-SSHQ, LSS-DST and StEP)
previously identified by Haskins et al. (2015) have now been exter-
nally validated, with eight still requiring further validation. In the
absence of impact analysis studies, caution remains regarding the use
of the LSS-SSHQ, LSS-DST and StEP in clinical practice. Additional
external validation and impact analysis studies are warranted for
existing tools with robust supporting evidence. This review also
highlights the need for future research to abide by reporting meth-
odological guidelines (such as the TRIPOD statement) for derivation
and validation studies as the methodological quality in some studies
was limited.

45 | Conclusions

This is the first systematic review since Haskins et al. (2015) to have
synthesised the evidence of LBP diagnostic CPRs. Five new diag-
nostic CPRs have been developed, but all remain in the early phase of
testing. Since 2015, two diagnostic CPRs for lumbar spinal stenosis
(LSS-SSHQ and LSS-DST) and one diagnostic CPR to distinguish be-
tween radicular and axial only LBP (StEP) have been externally
validated. Further research is needed to determine the impact of
these tools on clinical decision-making and patient outcomes, and in
the meantime, their clinical use should be considered with caution.
Eight further diagnostic CPRs show initial promise for supporting
decision-making around other LBP diagnoses but are not yet ready

for clinical implementation.
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