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ABSTRACT

Clinical prediction rules (CPRs) developed to identify sub-groups of people with neck pain for
different prognoses (i.e. prognostic) or response to treatments (i.e. prescriptive) have been
recommended as a research priority to improve health outcomes for these conditions. A systematic
review was undertaken to identify prognostic and prescriptive CPRs relevant to the conservative
management of adults with neck pain and to appraise stage of development, quality and readiness for
clinical application. Six databases were systematically searched from inception until 4™ July 2016.
Two independent reviewers assessed eligibility, risk of bias (PEDro and QUIPS), methodological
quality and stage of development. 9,840 records were retrieved and screened for eligibility. Thirty-two
studies reporting on 26 CPRs were included in this review. Methodological quality of included studies
varied considerably. Most prognostic CPR development studies employed appropriate designs.
However, many prescriptive CPR studies (n = 12/13) used single group designs and/or analysed
controlled trials using methods that were inadequate for identifying treatment effect moderators. Most
prognostic (n = 11/15) and all prescriptive (n = 11) CPRs have not progressed beyond the derivation
stage of development. Four prognostic CPRs relating to acute whiplash (n = 3) or non-traumatic neck
pain (n = 1) have undergone preliminary validation. No CPRs have undergone impact analysis. Most
prognostic and prescriptive CPRs for neck pain are at the initial stage of development and therefore
routine clinical use is not yet supported. Further validation and impact analyses of all CPRs are
required before confident conclusions can be made regarding clinical utility.
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INTRODUCTION

Neck pain is the fourth leading cause of global disability and has an annual prevalence rate exceeding
30%"*. Prolonged disability is common and poses considerable physical, psychological and economic
consequences to individuals and society®*. Health professionals face uncertainty in decision-making
when managing neck pain due to conflicting reports of treatment effectiveness and difficulty in
predicting prognosis®. As such, the identification of sub-groups within neck pain populations has been
recognised as a research priority for improving management strategies®®.

Clinical prediction rules (CPRs) can be used to guide clinical decision-making in the assessment and
treatment of individuals by enabling categorisation of those who have meaningful differences in
symptomology®’. CPRs are mathematically derived tools that quantify the contribution of various
patient characteristics to create a set of variables that can be used to make predictions about an
individual’s diagnosis, prognosis or response to a specific intervention’. Diagnostic CPRs aim to
enhance the detection of a specific condition and are developed using cross-sectional study designs to
compare CPR findings to an established ‘gold standard’ test’. Prognostic CPRs enable estimation of
the probability that a state of health such as change in pain or disability will occur in the future®, and
are ideal for educating patients regarding anticipated outcome as well as prioritising individuals for
intervention®®. Longitudinal study designs, such as prospective cohorts, are optimal because CPR
findings are compared to changes in patient status over time’. Prescriptive CPRs guide decision-
making by estimating the likelihood of successful response to a specific intervention®. Study designs
that include a control group, such as randomised controlled trials (RCTSs) are critical to the
development of this type of CPR to ensure that treatment effect modifiers are discriminated from non-
specific prognostic predictors®*.

The development of all types of CPRs broadly involves three stages®. First, CPRs are derived using
statistical analyses to determine a set of variables with the greatest predictive power®. Derived CPRs
are not recommended for clinical use because they may reflect chance statistical associations or be
specific to the study population®. Second, CPRs are validated by prospective application in a new
patient cohort®. Narrow validation involves testing the tool in a setting and population that is similar to
the derivation study, whereas broad validation comprises application to a wider spectrum of patients
and clinicians®. A successfully validated CPR may be used by clinicians with some level of confidence
in its predictive accuracy®**. The final stage of development, impact analysis, involves testing to see if
CPR application results in changed clinician behavior and improved patient outcomes®. Only after
impact analysis can a clinician be fully confident that CPR use may improve outcomes®.

Recently, there has been an increase in the number of CPRs that target musculoskeletal conditions®.
Whilst systematic reviews have examined CPRs for low back™**® and musculoskeletal pain'®™®, to our
knowledge, CPR studies pertaining specifically to neck pain have not been reviewed systematically.
This is important as there is evidence that prognostic indictors, treatment responses and recovery
pathways differ between neck and other musculoskeletal pain conditions™?. Clinician knowledge of
CPRs appears variable and adoption in practice is often poor?. It has been suggested that low uptake
may result from difficulty interpreting CPRs and appraising their quality®®. The aim of this systematic
review was to identify prognostic and prescriptive CPRs relevant to the conservative management of
adults with neck pain and appraise stage of development, quality and readiness for application in
clinical practice.

METHOD

Registration

The protocol for this review was registered with the International Prospective Register of Systematic
Reviews (PROSPERO) and is available at
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015023362 (record number
CRD42015023362).

Data sources and searches
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A systematic literature search was conducted in PubMed, Embase, CINAHL Plus, AMED, PEDro and
Cochrane Library databases from inception until 4™ July 2016. A validated search strategy with high
sensitivity in identifying CPRs? was used in combination with neck pain-specific strings suggested by
the Cochrane Back Review Group®” and, in consultation with a medical librarian, adapted for neck
pain (see Appendix A). Supplementary strategies comprised citation tracking in Scopus and reference
list screening of included studies.

Study selection
A CPR was operationally defined as a mathematically derived clinical tool designed to calculate the

contribution of patient characteristics to create a set of variables with specific cut points that could be
applied to make predictions about an individual’s prognosis or response to a specific intervention®.
Study eligibility criteria are outlined in Table 1. Briefly, studies were included that reported on
prognostic and prescriptive CPRs relating to the conservative management of adults with non-specific,
idiopathic, mechanical, traumatic, postural, cervical radiculopathy or whiplash associated neck pain.
Identified records were downloaded to an electronic reference management system and duplicates
removed. Two independent reviewers screened titles and abstracts of all records. The full texts of
potentially eligible studies were screened by both reviewers against eligibility criteria to determine
ultimate inclusion in the review. Disagreement on study eligibility was resolved by consensus or when
unable, by consultation with a third reviewer.

Classification of CPR type

Inconsistencies exist in the classification of prognostic and prescriptive CPRs within review studies.
Some reviews have classified CPRs based on the stated aims of each study™"?®, whilst others have
distinguished CPR type by study design'>®. The latter recognises that using single group cohorts to
develop prescriptive CPRs results in models of only prognostic value'®. However, disregarding the
original purpose of the CPR derivation will likely result in a lack of distinction between prognostic
CPRs that were developed in response to a specific clinical need and those that were not. It also
creates inconsistencies in nomenclature from original research reports. Therefore, in order to avoid
confusion, we classified CPR type based on the original aims of each study. The appropriateness of
research design for the purpose of each CPR’s development was evaluated.

Data extraction and guality assessment

One reviewer extracted data including: CPR type, function, study design, patient population, potential
predictor variables, outcome criteria, number of events per outcome, method of analysis and final CPR
performance from each study. A second reviewer independently checked these data. The internal
validity of included studies was appraised using two standardised tools. The Physiotherapy Evidence
Database (PEDro) Scale” was used for studies with an RCT design. The PEDro scale is an 11-item
scale that is valid and reliable in rating the methodological quality of RCTs?***°. All other studies,
including those that pooled data from multiple RCT treatment groups, were evaluated using the
Quality in Prognosis Studies (QUIPS) tool*". QUIPS is a six-item tool designed for use in
observational prognostic studies®. Items that were unclear or not mentioned within the study were
considered to be unmet. Two reviewers independently completed each appraisal tool for all included
studies. Disagreement was resolved by consensus or consultation with a third reviewer. High risk of
bias ratings informed, but did not exclude studies from inclusion in the synthesis of results.

Data synthesis and analysis

A qualitative synthesis of studies was performed by appraising the methodological quality, stage of
development and readiness for clinical use of CPRs within each study. Methodological quality was
evaluated by two independent reviewers using criteria employed in a recent review of CPRs applicable
to low back pain®®. These criteria are comprehensive, specific to CPR stage of development, and were
selected because a validated tool does not exist for this purpose. CPR stage of development and
readiness for clinical use were classified using frameworks from McGinn and colleagues®. Meta-
analysis was not attempted due to heterogeneity in population, CPR function and outcome variables of
included studies. Inter-rater agreement for each stage of the study selection process, risk of bias
assessment and quality appraisal was calculated using absolute and chance-corrected degrees of
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agreement (Kappa statistic) with 95% confidence intervals (Cl) using predetermined strength of
agreement labels®. Statistical analyses were conducted using IBM SPSS Statistics (version 22).

Reporting
This manuscript was prepared in accordance with the Preferred Reporting Items for Systematic

reviews and Meta-Analyses (PRISMA) statement™®,

RESULTS

Search results and study selection

Electronic searches yielded 12,714 records. After the removal of duplicates, 9,840 titles and abstracts
were screened and 188 full text articles were assessed against eligibility criteria (Figure 1). Thirty-two
studies were deemed appropriate for inclusion. The third reviewer was consulted on four occasions to
clarify the eligibility of studies attempting validation of non-mathematically derived models. The most
common reason for exclusion was not meeting this review’s operational definition of a CPR. Absolute
inter-rater agreement was 98.1% for title and abstract screening and 90.3% for full text eligibility.
Chance-corrected agreement for screening of full text was substantial (x = 0.78, 95% CI 0.67 to 0.89).

Study characteristics

Prognostic CPRs: Nineteen studies reported on the development of 15 prognostic CPRs
(Supplementary Table 1). The majority of these studies were of a prospective cohort design (n = 12).
Thirteen studies concerned CPRs for use in people with acute whiplash; five related to non-traumatic
neck pain; and one targeted cervical radiculopathy. Outcome measures included neck disability (n =
9), work disability (n = 5), pain (n = 4) and perceived recovery (n = 2). Most studies concerned CPR
derivation only (n = 12). Five studies performed CPR validation and two comprised both derivation
and validation within the same report. No prognostic CPR impact analysis studies were identified.

Prescriptive CPRs: Thirteen studies reported on the development of 11 prescriptive CPRs
(Supplementary Table 2). The majority of these studies were of single group design (n = 10). Only
one derivation study appropriately analysed an RCT for the development of this type of CPR.
Interventions included spinal manipulation (n = 5), cervical traction (n = 3), exercise program (n = 2),
and a combination of multiple technigques (n = 3). Treatment success was determined using self-
perceived improvement (n = 7), neck disability (n = 2) and a combination of outcome measures (n =
4). Most studies reported the derivation stage of development only (n = 9). One study combined
derivation and validation within the same report, two attempted validation, and one was not classified
as it concerned the validation of a CPR that was not mathematically derived®. No validation studies
supported the predictive ability of the derived models®™’. No reports of prescriptive CPR impact
analysis were identified.

Risk of bias assessment

Prognostic CPRs: All nineteen studies were evaluated using the QUIPS tool (Table 2). Whilst many
studies sufficiently reported study attrition (n = 10) and outcome measurement (n =9), a moderate or
high risk of bias was evident in most studies for statistical analysis and reporting (n = 16) and study
participation (n = 14) criteria.

Prescriptive CPRs: The QUIPS tool was used to appraise risk of bias in the prescriptive derivation
studies due to use of single group (n = 10) and pooled RCT (n = 1) study designs (Table 2). Many
studies adequately reported outcome measurement (n =7) and study attrition (n = 6). However, a
moderate or high risk of bias was evident in the majority of studies for statistical analysis and
reporting (n = 10) and study participation (n = 7) criteria. Potential risk of bias in two prescriptive
validation CPR studies that used an RCT design (n = 2) were evaluated against the PEDro scale
(Table 3), with scores of 6 and 7 out of 10 respectively, indicating moderate quality®®. The most
frequent source of bias was lack of patient and therapist blinding and inadequate baseline
comparability of treatment groups.
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Overall inter-rater agreement for PEDro and QUIPS were substantial with k = 0.68 (95% CI 0.36 to
1.0, absolute agreement 86.4%) and x = 0.79 (95% CI 0.71 to 0.86, absolute agreement 84.4%)
respectively. All disagreements concerning risk of bias were resolved by consensus.

Qualitative appraisal

Results of methodological quality specific to derivation and validation are outlined in Table 4 and
Table 5 respectively. Studies that included both stages within one report were evaluated against
criteria for both.

Prognostic CPRs: All 14 prognostic CPR derivation studies blinded the assessment of predictor
variables, and most justified variable selection (n = 13). Many studies, however, did not justify
participant numbers (n = 12), use predictor variables with demonstrated reliability (n = 11), test for co-
linearity in predictor variables (n = 10), or include at least 10 outcome events per predictor variable (n
= 10). For validation studies (n = 7), accurate application of the rule was present in the majority of
cases (n = 5). Failure to report missing data (n = 6) and application in a different clinical setting (n =
5) were frequently not met.

Prescriptive CPRs: All prescriptive CPR derivation studies (n = 10) blinded the assessment of
predictor variables and outcome measures, and described the mathematical techniques used. Most of
these studies, however, did not justify participant numbers (n = 9), test for co-linearity in predictor
variables (n = 9), or include at least 10 outcome events per predictor variable (n = 9). Of four
validation studies, most performed a prospective validation in a new patient population (n = 3), used a
representative sample, and accurately applied and described the rule (n = 3). Description of uncertainty
in post-test probability (n = 4), and description of uncertainty in CPR accuracy (n = 3) were most
frequently not met.

Interrater agreement for derivation criteria was almost perfect (x = 0.83 (95% CI 0.78 to 0.88, absolute
agreement 91.2%) and substantial for validation criteria (xk = 0.75 (95% CI 0.63 to 0.87, absolute
agreement 87.3%).

DISCUSSION

Thirty two studies were identified that reported on the development of 15 prognostic and 11
prescriptive CPRs relating to the conservative management of adults with neck pain. Whilst the
majority of prognostic CPRs remain at the derivation stage of development, preliminary investigations
of validity have been successfully performed on four models. Ten out of 11 prescriptive CPRs were
derived using study designs that were inappropriate for the purpose of developing a prescriptive tool.
The study design and/or analyses used in three subsequent validation studies were not appropriate to
replicate the results of these models.No CPRs of either type evaluated in this review have undergone
impact analyses®. Future CPR studies should consider identified methodological shortcomings
including inappropriate study design, insufficient sample size, and incomplete reporting of statistical
analyses and model performance.

Prognostic CPR readiness for use

Most prognostic CPRs were at derivation stage™ ™ and therefore are not yet at a stage of development
supporting routine clinical use®. At this stage, clinicians may consider using individual predictor
variables contained within these models®. For example, higher neck disability (e.g. Neck Disability
Index) was identified by numerous CPRs as a predictor of non-recovery for pain and disability
outcomes®*+434%%0 - Agsessment of neck disability may be useful in informing judgements on
prognosis where the population is similar to that used in the CPR’s derivation®. The prominence of
psychological and social predictor variables within prognostic CPRs confirms the likely importance of
these factors for prognosis. The assessment of psychosocial factors has been recognised as necessary
for improving outcomes in people with spinal pain and as such, would seem important to examine in
the clinical setting™. However, given the considerable breadth of biopsychosocial variables proposed

39-48
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within the reviewed CPRs, consideration of specific predictor variables should be used to compliment
and not replace usual clinical decision-making strategies®.

A number of studies progressed the development of prognostic CPRs to either narrow or broad
validation'®*****® Application of narrowly validated CPRs requires caution because evidence for
model generalisability is not strong®. Three CPRs relating to acute whiplash prognosis were identified
as having undergone narrow validation. Hence, these may be considered for use with populations and
clinical settings similar to those of the development studies®. First, Ritchie and colleagues (2015)
validated a CPR comprising initial disability levels, hyper-arousal symptoms and patient age to predict
recovery or ongoing disability at six to 12 months post whiplash injury in Queensland, Australia®.
This model is promising in that both the derivation and validation studies satisfied the majority of
methodological quality criteria used in this review, and the accuracy and post-test probability
remained strong on validation®®. A preliminary attempt at further validation of this was tested in a
different geographical (USA) setting to that of the initial development studies, suggesting that the CPR
is being considered more widely within the research community, and the results were supportive of the
models validity®’. Second, Kasch and colleagues (2011 and 2013) developed a CPR comprising
cervical range of motion, number of non-painful complaints and baseline pain intensity to predict 12
month work disability that displayed very good discriminative ability (area under the curve = 0.90,
95% CI1 0.74 to 1.0) and a positive likelihood ratio of 7.8 for the highest of seven risk strata, which is
likely to cause moderate shifts in pre- to post-test probability®>*®*®, The CPR’s included variables,
predictor variable measurement and scoring algorithm were altered between development studies for
reasons that are not clear®°%*°. Whilst updating a CPR is not unusual, modifications are usually made
in response to disappointing validation accuracy, which in this instance does not appear to have been
determined®. These changes could impact methodological quality and risk of bias. Finally, a whiplash
prognostic equation including impaired neck movement, headache, head trauma, age, neck pain
intensity, headache intensity, nervousness, neuroticism, and focused attention variables developed by
Radanov and Sturzenegger (1996) also demonstrated good post-test probability (88%) on validation®.
Interpretation of the results is difficult due to incomplete reporting of CPR accuracy, omission of
outcome measure definition and use of a small validation sample size (n = 16). Broad validation is
optimal because it enables confirmation of CPR accuracy across a diverse spectrum of patients and
settings®. Schellingerhout and colleagues (2010)* reported on the only CPR identified by this review
to have maintained accuracy on broad validation. The rule’s predictive utility was modest with a
positive predictive value of 51% (95% CI 43 to 59) and a positive likelihood ratio of 1.6, which is
unlikely to cause a significant shift in pre- to post-test probability®®. However, given reasonable
methodological quality, maintenance of predictive ability and prospective validation in a new and
geographically different population, this CPR may be considered for use in predicting prognosis based
on global perceived recovery for individuals with non-traumatic neck pain®.

Impact analysis is ultimately required to ensure that application of statistically accurate predictive
models results in clinically beneficial consequences®.

Prescriptive CPR readiness for use

The derived stage and lack of sufficient validity of prescriptive CPRs identified in this review
means that clinical use of any model is not yet advised®. Unlike predictor variables identified in the
reviewed prognostic CPRs, attention to components included in prescriptive CPRs is not
recommended. The use of inappropriate (single group) designs in all but one identified prescriptive
CPR derivation studies means that predictors of response to treatment may not have been
differentiated from predictors of outcome regardless of treatment®'°. Researchers employing these
methods risk creating a CPR that is merely prognostic given a specific treatment”*°. Additionally, it
has been advocated that subsequent validation of such CPRs should not be considered as adequate
replication (even if an appropriate RCT design has been used), because the initial model was
inappropriately derived™. Failure to identify treatment effect modifiers during derivation also
heightens the possibility of reduced CPR accuracy when validation is attempted using an appropriate
study design™®. Two identified prescriptive CPR validation studies employed RCTs to validate
prescriptive models that were derived using single group designs and found the results did not support
the prescriptive validity of either rule®=.

34,61-66

Page 7 of 30



General methodological considerations for CPR development

Several potential sources of bias relevant to both CPR types were identified and should be addressed
in future studies. Only three derivation studies performed a priori sample size calculations****%*. These
calculations are necessary to avoid the risk of model over fitting or optimistic predictive performance,
as well as to reduce the likelihood of disappointing validation accuracy®®®’. It has been suggested that
10 to 15 events per outcome be a guide for adequate sample size®. Second, many studies reported
incomplete statistical analyses. CPR accuracy, post-test probabilities and associated uncertainty
intervals would enable improved interpretation of a CPR’s predictive ability®®®. Descriptions of
missing values and the use of imputation methods, where applicable should also be included®’.

Strengths and limitations of the review

To our knowledge this is the first review to systematically examine CPRs relevant to the conservative
management of neck pain. As such, it provides a comprehensive synthesis of CPRs that may be of
benefit to clinicians who treat this population. CPRs were operationally defined in this review for the
purpose of transparency, reproducibility and to ensure that the included tools could be reasonably
applied by clinicians to individual patients. Our definition was liberal in comparison to other reviews
in that it did not require explicit use of the term “clinical prediction rule’. Additionally, our inclusion
criteria did not require specific statistical analyses. Consequently, this review was inclusive and may
aid clinicians in interpreting and comparing the multitude of CPRs proposed in the literature. This
review is limited in that criteria used to assess the methodological quality of included studies have not
yet been validated. However, these criteria were systematically developed using key factors from the
literature on methodological standards for CPR development®”®""* contain components commonly
used in other reviews, and were used in combination with validated PEDro and QUIPS scales to
improve assessment rigor. The classification of CPR type using study aim, and not design will have
led to over-reporting of CPRs that have prescriptive value. However, classification by original study
aim ensures consistent nomenclature with original reports, and discriminates CPRs developed for
prognostic purposes from those developed from inadequate prescriptive methods

Conclusions and recommendations for future research

The substantial number of CPRs identified in this review confirms that progress is being made towards
the identification of sub-groups of patients with neck pain. Clinical use of most prognostic CPRs is not
yet recommended because of their early stage of development and moderate methodological quality.
However, clinicians may choose to consider four validated prognostic CPRs or assessment of
individual predictor variables contained within these models, to inform judgements of outcome.
Derivation stage of development was similarly prominent in prescriptive CPRs, however, uncertain
prescriptive value resulting from a reliance on single group study designs is a major limitation to the
use of these models. To provide stronger evidence to support the clinical use of all CPRs, future
research should employ study designs that are appropriate for the type of CPR being developed, and
ensure adequate broad validation and impact analyses.
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Table 1 Study eligibility criteria

Inclusion criteria

e Aim of derivation, validation and/or impact analysis of one or more CPRs relating to prognosis or
conservative management of adults with non-specific, idiopathic, mechanical, traumatic, postural, cervical
radiculopathy or whiplash associated neck pain

e CPRs developed in the form of a score chart, algorithm or model containing at least two predictor variables
drawn from clinical characteristics such as patient history, assessment findings or simple laboratory results

e CPRs with required components that are able to be assessed or easily obtained and interpreted by clinicians

e Publication in a peer reviewed journal

Exclusion criteria

e Diagnostic CPRs

e CPRs concerning prognosis or management of malignancy, infection, fracture, systemic inflammatory
disease, headache, spinal cord injury or spinal pain where there is no differentiation between cervical,
thoracic and/or lumbar symptom locations

o CPRs that target surgical or radiological management of neck pain

e Studies that included children <17 years of age

e  Study protocols or literature published in the form of conference proceedings or abstracts, reviews, editorials,
commentaries, letters, dissertations, books, book chapters and practice guidelines

e Case study or case series design

e  Study not reported in English language
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Table 2 Potential risk of bias of cohort and combined-RCT studies by CPR type as assessed using QUIPS

Study Study participation  Study attrition Prognostic factor Qutcome Study confounding  Statistical
measurement measurement analysis/report
Prognostic CPRs
Atherton et al (20062“"9 Moderate Moderate Moderate High Not applicable Moderate
Carroll et al (2006)* Moderate High Moderate Moderate Moderate Moderate
Cleland et al (2007)*® Low Low Low Low Not applicable Moderate
Dagfinrud et al (2013)*° High High Moderate Low Not applicable Moderate
Gabel et al (2008)*? High High High Low Not applicable High
Grooten et al (2007)*° Low Low High High Low Low
Hartling et al (20022)40 High Moderate High High Not applicable High
Kasch et al (2001)5, Moderate Low Moderate High Not applicable Moderate
Kasch et al (2008)> Low Low Not applicable High Not applicable Moderate
Kasch et al (2011)*° High Low High High Not applicable High
Kasch et al (2013)* Low Low Not applicable High Moderate Moderate
Landers et al (2008) Moderate Low Moderate Low Not applicable High
Nederhand et al (2004)* Low Low Low Low Not applicable High
Radanov & Sturzenegger (1996)° Moderate Low Moderate High Not applicable High
Ritchie et al (2013)° Moderate Moderate Low Low Not applicable Low
Ritchie et al (2015)" Moderate Low Low Low Not applicable Low
Schellingerhout et al (2010)>* Moderate High Low Low Not applicable Moderate
Vos et al (2009)"’ High Moderate High High Not applicable Moderate
Williamson et al (2015)** Moderate Moderate Moderate Low Moderate Moderate
Prescriptive CPRs
Cai et al (2011)* Moderate Low Low Moderate Not applicable Moderate
Cleland et al (2007)" Low Low Low Low Not applicable Moderate
Fritz & Brennan (2007)** High High Not applicable Low High High
Hanney et al (2013),b5 Moderate Moderate Moderate Moderate Not applicable Moderate
Keating et al (200‘5)“"7 Moderate High High Moderate Not applicable High
Nee et al (2013)%° Moderate Low Moderate Low Not applicable High
Puentedura et al (2012)% Low Low Low Low Not applicable Moderate
Raney et al (2009)" Low Moderate Moderate Low Not applicable High
Saavedra-Hernandez et al (72011)63 Low Low Moderate Low Not applicable High
Schellingerhout et al (2008) 4 Moderate High Low Low Low High
Tseng et al (2006)*" Moderate Low Moderate High Not applicable Low
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Table 3 Potential risk of bias of RCT designed studies as assessed using PEDro scale

Study Eligibility Random Concealed Groups Participant Therapist ~ Assessor Adequate  Intention Between- Point Score
Criteria allocation  allocation  similar at blinding blinding blinding follow-up to treat group estimate (/20)
baseline analysis difference  and
reported variability
Prescriptive CPRs
Fritz et al (2014)* 7
Cleland et al 6
(2010)%*
Y =yes, N =no
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Table 4 Methodological quality of CPR derivation studies by CPR type

Study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Prognostic CPRs

Atherton et al (2006)*° \% \% N N \% Y Y N N Y Y N \% N N N N N Y
Carroll et al (2006)** Y Y N Y N Y Y Y N N Y \% Y \% N N Y Y Y
Cleland et al (2007)* Y N N Y Y Y Y N Y Y Y N Y N N N Y N Y
Gabel et al (2008)* \% N N N N N Y N Y Y N N N N N NA” N N Y
Grooten et al (2007)*° Y N N N Y Y Y N N Y Y N Y N N NA® Y Y Y
Hartling et al (2002)* \% \% N \% \% Y Y N N Y Y \% \% N NA N \% Y N
Kasch et al (2001)> Y Y N Y N Y Y N N Y Y N N N N N N N Y
Landers et al (2008)° Y N N N N Y Y N Y Y Y N N N N Y Y N Y
Nederhand et al (2004)* \% N N N \% Y Y N Y N Y N \% N N NA” Y N Y
Radanov & Sturzenegger (1996)°° Y N N N Y Y Y N N N N N N N N N N N N
Ritchie et al (2013)° N? N \% \% N Y Y Y Y Y Y N \% \% N N \% Y Y
Schellingerhout et al (2010)** N? N N \% N Y Y N Y Y Y \% \% \% \% \% \% Y Y
Vos et al (2009)"’ \% \% N \% N Y Y Y N N Y \% \% \% NA NA” N N Y
Williamson et al (2015)** \% N Y Y N Y Y N Y Y Y \% Y N \% N \% Y Y
Prescriptive CPRs

Caietal (2011)** Y N Y Y Y Y Y N Y Y Y N Y N N N Y N Y
Cleland et al (2007)" Y Y N Y Y Y Y Y Y Y Y \% N N N N Y Y Y
Hanney et al (2013)* Y N N Y N N Y N Y Y Y N Y N N N Y N Y
Keating et al (2005)*’ \% \% N N N Y Y N N Y Y N \% N N N N N N
Nee et al (2013)% \% N N Y N Y Y Y Y Y Y \% N N N \% \% N N
Puentedura et al (2012)% \% \% N \% \% Y Y N Y Y Y N N N \% N \% Y Y
Raney et al (2009)" \% \% N N N Y Y N Y Y Y N N N N N \% N Y
Saavedra-Hernandez et al (2011)*® Y \% N \% \% Y Y N Y Y Y N \% N N N \% N Y
Schellingerhout et al (2008)"* N? N N Y N Y Y N N Y Y \% Y \% N Y Y Y N
Tseng et al (2006)*" Y N N N Y Y Y Y N Y Y N Y N N N Y N Y

1 = Prospective design, 2 = Study site described, 3 = Justification for number of subjects reported, 4 = Representative sample, 5 = Important patient characteristics described, 6
= Selection of candidate predictor variables justified, 7 = Blinded predictor assessment, 8 = Predictor variables have demonstrated reliability, 9 = Outcome measure or
reference standard has demonstrated reliability and validity, 10 = Blinded outcome assessment or reference standard, 11 = Mathematical techniques described, 12 = Reporting
and handling of missing data described, 13 = At least 10 outcome events per independent variable in the final multivariable model, 14 = At least 10 outcome events per
candidate predictor variable, 15 = Co-linearity of predictor variables tested, 16 = Continuous predictor variables are kept continuous in the multivariable analysis, 17 =
Uncertainty in the accuracy of the CPR is described, 18 = Uncertainty in the post-test probability is described, 19 = CPR performance is non-paradoxical, Y =yes, N =no, NA =
not applicable , ® secondary analysis of prospective study , ® multivariable analysis not performed , ®included discrete variables only
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Table 5 Methodological quality of CPR validation studies by CPR type

Study Prospective Different Representat Theruleis Assessment  Complete Reporting Accuracy of  Uncertainty  Uncertainty
validation in clinical ive sample applied of the inter- follow-up and the rule in the in the post-
new patient setting to accurately rater handling of described accuracy of test

population derivation reliability of missing the CPR probability
study the rule data described is described
described

Prognostic CPRs

Dagfinrud et al (2013)*° Y \% N \% NA? Y N \% Y N

Kasch et al (2008)> Y \% Y N N N N N N Y

Kasch et al (2011)*° N N N N N N N N N N

Kasch et al (2013)* Y N Y \% N N N \% N N

Radanov &

Sturzenegger (1996355 Y N N Y N Y N N N N

Ritchie et al (2015)" N° N Y Y NA® Y Y Y Y Y

Schellingerhout et al

(2010)** N N Y Y NA? Y N Y Y Y

Prescriptive CPRs

Cleland et al (2010)* Y N Y N N N Y N Y N

Fritz & Brennan (2007)** NA® NA® Y \% \% Y N \% N N

Fritz et al (2014)% Y Y Y Y N N Y Y N N

Keating et al (2005)*’ Y N N Y NA® Y N Y N N

Y = yes, N = no, NA = not applicable,  self-report measures not requiring interpretation, ® no derivation, ° secondary analysis of prospective study
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12,714 records identified 21 additional records identified
through electronic searches through other sources

' '

9,840 records after duplicates removed

Identification

a l
£
o
o 1 .
g
g 9,840 titles and abstracts 9,652 records
screened > excluded

> i l . 156 full-text articles excluded
= 188 full-text articles = 108 not CPR as defined by
-'% assessed for eligibility ’ review
T - J « 28 not specific to neck pain

¢ 12 not related to prognosis or

conservative treatment

= - + . ]
2 32 studies included in 4 measures not obtainable by
5 o . clinicians
5 qualitative synthesis
£ L ] « 2 included children <17 yrs

+ 2 not derivation, validation or

impact analysis

Figure 1 Flow chart of search strategy and study selection process
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Supplementary Table 1 Study characteristics of prognostic CPRs by population: acute whiplash, non-specific neck pain, and cervical radiculopathy

C Publicatio  Stage Study Sample Included variables Primary outcome Accuracy Post-test
P n design (n) measures (95% CI) probability
R (95% ClI)
no

Acute whiplash

1 Atherton Derivation  Cohort n = 535, whiplash (QTF I-lll), acute (median Pre-collision 12 month self- Not reported Not
et al time since injury 8 days), presenting to widespread pain, report neck pain reported
(2006)39 emergency department, UK, median age 34yrs, vehicle type other than  (yes/no) lasting 21

56% female car, 25 WAD day in last week.
symptoms, NDI =19, Prevalence = 27%
GHQ 26 (5 variables) (n=128)

2 Carrollet  Derivation Cohort n = 1858, whiplash, acute (<6 weeks post PMI-passive coping Time to recovery 75% slower Not
al injury and self-report recovery 23 on 6 point subscale 21-30 & CES- (specific measure recovery if PMI 21-  reported
(2006)44 Likert scale (feeling some improvement to D 216 (2 variables) not reported). 30 and CES-D 216

getting much worse), from motor vehicle Prevalence not (adjusted HRR
insurance claimants and health providers, reported 0.25 (0.17-0.38))
Canada, Mean age 39yrs, 68% female

3 Gabel et Derivation  Cohort n = 30, WAD (no definition provided), duration modified OMPQ 2109 6 month NDI Sensitivity 100%, Not
al of injury not reported, from general practitioner & cervical rotation at >28% or self- specificity 87%, reported
(2008)42 & primary care, location not reported, mean impact (2 variables) report symptoms +LR 7.7 (Cls not

age 37yrs, 77% female or impairments. reported)
prevalence = 30%
(n=9)

4 Hartling Derivation  Cohort n = 334, whiplash (not fracture or dislocation), Decision tree with: 6 month WAD pain  Sensitivity 92% PPV 51%
et al acute (<2 weeks post injury), presenting to MVC occur other than classification’ 3. (87-97), specificity  (44-57),
(2002)40 emergency department, Canada, age range at an intersection in the  Prevalence =35%  51% (45 -58), NPV 92%

18-70yrs, 64% female city, Upper back pain (n=118) (87-97)
since MVC, Still
experience neck pain,
Still experience
shoulder pain (4
variables)

5 Kasch et  Derivation Case- n = 141, whiplash (traumatic neck injury), acute  Total CROM <266 12 month self- Sensitivity 30%, PPV 75%,
al control (=1 week post injury), from emergency degrees, 27/15 non- report work specificity 99% NPV 95%
(2001)59 department, Denmark, mean age males (34yrs) painful complaints, handicap: reduced (Cls not reported) (Cls not

and females (35yrs), 52% female baseline pain VAS work hours & reported)

=>54/100mm (3
variables)
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pension.
Prevalence = 8%
(n=11)

Kasch et Narrow Secondar n =625, whiplash (QTF I-lll), acute (median Score chart with high 12 month self- Not reported Not
al validation vy duration 5 days), from emergency department risk 24/10. Includes report work reported
(2008)53 * analysis or general practitioner, Denmark, mean age total CROM, number of handicap: >3
RCT high risk (35yrs) and low risk (35yrs), 64% non-painful complaints  months sick leave
female, (0-11), baseline pain during last 6
VAS (0-10), gender (4 months, OR work
variables) inability in last
month OR not
working anymore
because of
accident.
Prevalence: high
risk =19% (n =
78), low risk = 2%
(n=5)
Kasch et Narrow Case- As per Kasch et al (2001)™. Score chart (0-10) to 12 month work Risk assessment Not
al validation  control create strata (1-7). disability (specific score: AUC 0.90 reported
(o1n)® Includes total CROM, ~ measure not (0.74-1.0). Number
number of non-painful reported). of sick days and
complaints (0-11), Prevalence not work disability at
baseline pain VAS (0- reported 12/12 associated
10) (3 variables) with 7 strata (both
p <0.001).
Kasch et Narrow Secondar  As per Kasch et al (2008)™. As per Kasch et al As per Kasch etal +LR/-LR Stratum 1  Stratum 1
al validation 'y (2011)%° (2008)>°. =1.0/-, Stratum 2 = 13%,
(2013)* analysis Prevalence not =1.1/0.18, Stratum 2
RCT reported Stratum 3 = = 24%,
1.8/0.24, Stratum Stratum 3
4 =2.3/0.29, = 55%,
Stratum 5 = Stratum 4
2.9/0.43, Stratum = 68%,
6 = 3.5/0.57 Stratum 5
Stratum 7 = = 76%,
7.8/0.73 Stratum 6
= 81%,
Stratum 7
= 87%)
(Cls not
reported)
6 Nederhan Derivation Cohort n = 90, whiplash (QTF I-1I), acute (mean NDI >15/50 & TSK 240 24 week NDI +LR 4.3, AUC 83% (70-
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detal duration 8.1 days), from emergency (2 variables) =>15/50. 0.77(0.63-0.91) 91)
(2004)43 department, location not reported, mean age Prevalence = 33%
disabled (38yrs), recovered (33yrs), 57% (n=27)
female
Radanov  Derivation Cohort n = 117, whiplash (not fracture/dislocation), Equation including 12 month Not reported 96% (Cls
& acute (mean 7 days post injury) referred from impaired neck recovered or not
Sturzene general practitioner, Switzerland, mean age movement, pre- symptomatic reported)
gger 41yrs, 58% female traumatic headache, (specific measure
(1996)%° history of head trauma,  not reported).
age, initial neck pain Prevalence
intensity (0-10), initial (symptomatic)=
headache intensity (0-  24% (n = 28)
10), FPI-N
nervousness, FPI-N
neuroticism, focused
attention (measure not
reported) (9 variables)
As above  Narrow Cohort n = 16, whiplash (not fracture/dislocation), As above Recovered or Not reported 88% (Cls
validation acute (mean 23 days post injury), referred from symptomatic not
insurance company, Switzerland, mean age (specific measure reported)
33yrs, 25% female not reported).
Prevalence
(symptomatic)=
44% (n=7)
Ritchie et  Derivation Secondar n =262, whiplash (QTF I-1ll), acute (<4 weeks Full recovery: initial Full recovery: 12 Full recovery: Full
al y duration), from emergency department, primary  NDI <32, age <35 yrs month NDI £10%. sensitivity 45% recovery:
(2013)50 analysis care practices & community, location not (2 variables) 50% prevalence (n  (35-54), specificity PPV 71%
cohort reported, mean age 37yrs, 65% female Ongoing disability: NDI = 51) 85% (77-90), +LR  (59-80),
240, age 235 yrs, PDS ~ Ongoing disability: 2.9 (1.9-4.5), -LR NPV 65%)
hyperarousal subscale 12 month NDI 0.6 (0.5-0.8) Ongoing
26 (3 variables) 230%. Prevalence  Ongoing disability:  disability:
=23% (n =23) sensitivity 44% PPV 71%
(31-55), specificity  (55-84),
94% (89-96), +LR NPV 82%
7.0 (3.8-13), -LR (76-87)
0.6 (0.5-0.7)
Ritchie et  Narrow Secondar n =101, whiplash (QTF Il — different to As per Ritchie et al Full recovery: 6 Full recovery: Full
al validation” 'y derivation), acute (<4 weeks duration), from (2013)%° month NDI £10%.  sensitivity 55% recovery:
(2015)49 analysis emergency department, primary care practices Prevalence =46%  (41-69), specificity PPV 80%
cohort & community, Australia, mean age 34yrs, 66% (n =120) 86% (73-94), +LR  (63-92)
female Ongoing disability: 3.9 (1.9-8.1), -LR Ongoing
6 month NDI 0.5 (0.4-0.7) disability
230%. Prevalence  Ongoing disability: PPV 91%
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=26% (n = 69)

sensitivity 44%
(23-65), specificity
99% (93-100),
+LR 34 (4.6-251),
-LR 0.6 (0.4-0.8)

(59-99)

9 Williamso  Derivation Cohort n = 430, whiplash (QTF I-ll), acute (duration Baseline NDI 250%, 12 month NDI Relative risk for 1 Not
netal <6 weeks) from emergency self-predicted long (>6  230%. Prevalence  factor = 3.5 (1.0- reported
(2015)41 department/referred to physiotherapy for RCT, = months) or non- =30% (n =136) 11), 2 factors = 7.4

location not reported, mean age 41yrs, 65% recovery, GHQ 24/12, (2.4-23), 3 factors

female PCQ-passive coping =8.1(2.6-25), >4
25/12, CSOQ 26/15 (5 factors = 16 (5.4-
variables) 49)

Non-specific neck pain

10 Dagfinrud Broad Cohort n = 81, neck pain (no treatment in past 4 OMPQ 2105 (1 8 week NDI Sensitivity 18%, Not
et al validation weeks), symptom duration O weeks to >1 year, variable, 21 items) improvement specificity 86%, - reported
(2013)* seeking care of manual therapist, Norway, 210%. Prevalence LR 0.95, +LR 1.3,

mean age 43yrs, 72% female not reported AUC 0.60 (0.44,
0.75)

11 Grooten Derivation  Cohort n = 803, neck and shoulder pain in workers, =2 of 3 biomechanical 4-6 year symptom  Adjusted relative Not
et al symptom duration not reported, ‘presenting to exposures: manual free: pain intensity  chance if 22 reported
(2007)* care', Sweden, mean age 42yrs, 65% female handling 250 newton? <3 on 11 point factors (compared

260 minutes per day, scale and pain- with those

working with hands related disability unexposed to all 3)
above shoulders 230 <1/10°. 0.61 (0.40-0.94).
minutes per day, Prevalence = 36%

working with vibrating (n =289)

tools =260min per day

(3 variables)

12 Landers Derivation Cohort n =79, neck pain (not congenital instability), 22 of 5 CNOS 12 week NDI Sensitivity 48%, 96% (Cls
et al symptom duration <7 days to >7 weeks, variables’”: palpation, =>15/50. specificity 97%, not
(2008)46 presenting to physiotherapy, location not simulation, cervical Prevalence =37% +LR 16, -LR 0.54, reported)

reported, mean age 50yrs, 71% female ROM, regional (n=29) AUC 0.78 (0.67-
disturbances, 0.90)
overreaction (5
variables)

13 Schelling Derivation Secondar n =468, non-specific neck pain (no disc Score chart with 235 6 month global Sensitivity 61% PPV 54%
erhout et y herniation or rheumatological condition), points: age, perceived recovery (55-68), specificity  (47-60)
al analysis symptom duration <1 month to >3 months, accompanying low 22 on 7 point 61% (55-67),

(2010)54 RCT consulting physician in primary care, back pain, traumatic Likert scale overall

Netherlands, mean age 45yrs, 61% female

cause neck pain,
EuroQOL, headache,
radiation of pain to
elbow or shoulder,
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(slightly improved
to worse than
ever). Prevalence
=43% (n =199)

discriminative
ability 0.66 (0.62-
0.71)



previous neck
complaints, paid
employment, pain
intensity (9 variables)

As above  Broad Secondar n = 315, non-specific neck pain (no disc As above 6 month global Sensitivity 63% PPV 51%
validation vy herniation or rheumatological condition), perceived recovery (54-71), specificity  (43-59)
analysis symptom duration <1 month to >3 months, 22 on 7 point 60% (53-67),
RCT consulting physicians in primary care, UK, Likert scale overall
mean age 49yrs, 64% female (slightly improved discriminative
to worse than ability 0.66 (0.59-
ever). Prevalence 0.72)
=39% (n =124)
14 Vosetal Derivation Cohort n = 143, neck pain, acute (duration <6 weeks), Modified ALBPSQ 12 month sick Sensitivity 77%, PPV 81%,
(2009)47 from general practice, Netherlands, mean age 272/200 (1 variable, 20 leave >7 days. specificity 62%, NPV 57%
40yrs, 64% female items) Prevalence =22% AUC 0.66 (0.56- (Cls not
(n=31) 0.76) reported)
Cervical Radiculopathy
15 Cleland Derivation  Cohort n = 96, cervical radiculopathy or neck/arm pain 23 of 4 variables: age 28 day Sensitivity 68% 85% (Cls
et al and positive on diagnostic CPR, mean <54yrs, dominant arm improvementin all ~ (55-81), specificity — not
(2007)48 symptom duration 80 days, referred to not affected, looking of: NDI 27, NPRS 87% (77-97), +LR  reported)

physiotherapy from physician, location not
reported, mean age 51yrs, 64% female

down does not worsen
symptoms, multimodal
treatment at least 50%
visits (manual therapy,
cervical traction, deep

neck flexor strengthen)
(4 variables)

= 2 points, PSFS
=2 points, GROC
2+5. Prevalence =
52% (n = 31)

5.2 (2.4-11)

* Validation of derived CPR that is altered from its original form, * Derivation of CPR not successful by review definition, ~ Follow-up period altered from derivation model, *
Validation of model derived for use in different population, 'Used same population as derivation study, CPR = clinical prediction rule, CI = confidence interval, WAD = Whiplash
Associated Disorder, NDI = Neck Disability Index, GHQ = General Health Questionnaire, QTF = Quebec Task Force Whiplash Classification, IQR = Interquartile Range, PMI =
Pain Management Inventory, CES-D = Centre for Epidemiologic Studies Depression Scale, OMPQ = Orebro Musculoskeletal Pain Questionnaire, +LR = positive likelihood
ratio, -LR = negative likelihood ratio, PPV = positive predictive value, NPV = negative predictive value, MVC = motor vehicle crash, CROM = cervical range of motion, RCT =
randomised controlled trial, VAS = visual analogue scale, AUC = area under the curve, TSK = Tampa Scale for Kinesiophobia, FPI = Freiburg Personality Inventory, PDS =
Posttraumatic Stress Diagnostic Scale, PCQ = Pain Coping Questionnaire, CSOQ = Cervical Spine Outcomes Questionnaire, CNOS = cervical nonorganic signs, ALBPSQ =
Acute Low Back Pain Screening Questionnaire, NPRS = Numeric Pain Rating Scale, PSFS = Patient Specific Functional Scale, GROC = Global Rating of Change Scale
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Supplementary Table 2 Study characteristics of prescriptive CPRs by primary treatment modality: spinal manipulation, spinal traction, exercise program and mixed modes

CPR Publicati  Stage Study Sample Treatment Included variables Primary Accuracy Post-test
no on design (n) outcome (95% CI) probabili
measure ty (95%
Cl
Spinal manipulation
16 Cleland Derivation  Single n = 78, mechanical neck pain with  Thoracic 23 of 6 variables: GROC =+5 at Sensitivity 76% 86%
et al group NDI 210% (not cervical canal manipulation  symptom duration <30 end of 2" (67-82), (74-94)
(2007)72 stenosis or nerve root (plus CROM  days, no symptoms session (or 3rd  specificity 86%
compression), mean symptom exercise) distal to shoulder, if unsuccessful  (75-93), +LR 5.5
duration 80 days, referred to looking up does not at 2”“). (2.7-12)
physiotherapy, USA, mean age aggravate symptoms, Prevalence =
42.0yrs, 68% female FABQ-PA <12, 55% (n = 42)
diminished upper
thoracic spine kyphosis,
extension CROM <30
degrees (6 variables)
Cleland Broad RCT n = 140, neck pain with NDI As per As per Cleland et al Change in NDI  Non-significant Results
etal validation* 210% (not cervical canal stenosis ~ Cleland etal  (2007)" and NPRS at1 difference did not
(2010)%* or nerve root compression), mean  (2007)"2 week, 4 weeks  between those support
symptom duration 64 days, and 6 months positive and the
referred to physiotherapy, USA, (different to negative on CPR  validity
mean age 40yrs, 69% female derivation). (except for of the
Prevalence not disability at 4/52, CPR
reported p=0.05). No
difference
between
treatment effects
for each
treatment by
status on CPR
17 Puented Derivation  Single n = 82, mechanical neck pain with  C3-7 23 of 4 variables: GROC =+5 at Sensitivity 81% 90%
ura et al group NDI 210/50 (not rheumatological cervical symptom duration <38 end of 1 week (63-92), (74-96)
(2012)62 condition, acute whiplash, nerve manipulation  days, positive (1-2 sessions).  specificity 94%
root compression or CNS (plus expectation that Prevalence = (82-98), +LR 14
involvement), mean symptom rotation manipulation will help, 39% (n = 32) (4.5-41)
duration 293 days, from 4 CROM side-to-side difference in
physiotherapy clinics, USA & exercise) rotation CROM 210

Spain, mean age 38yrs, 59%
female

degrees, pain on
posterior-anterior spring
testing to middle cervical
spine (4 variables)
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18 Saavedr Derivation  Single n = 81, mechanical neck pain (not Cervical and 24 of 5 variables: NPRS  GROC 2+5 at Sensitivity 12% 75%
a- group whiplash, radiculopathy, thoracic >4.5/11, extension end of 2" (5-25), specificity  (Cls not
Hernand fibromyalgia, CNS involvement, manipulation CROM <46 degrees, session (or 3rd  94% (77-99), reported
ezetal nerve root compression or hypomobility at T1, if unsuccessful  +LR 1.9 (0.40- )
(2011)63 previous treatment with spinal negative UL tension at 2”d). 8.6)
manipulation), mean symptom test, female sex (5 Prevalence =
duration 1703 + 1726 days, variables) 62% (n =50)
referred for therapy, Spain, mean
age 39yrs, 70% female
19 Tseng et  Derivation  Single n = 100, neck pain (diagnosis of CO0-7 24 of 6 variables: initial NPRS-11 Sensitivity 40% 89%
al group spondylosis + radiculopathy, cervical NDI <11.5/50, having reduction 250%  (28-52), (Cls not
(2006)61 herniated disc, myofascial pain manipulation  bilateral involvement OR perceived specificity 93% reported
syndrome or cervicogenic pattern, not performing improvement (84-100), +LR )
headache), symptom duration <3 sedentary work >5 hours =4 on 15 point 5.3 (1.7-17)
weeks to >3 months, referred to per day, feeling better Likert scale
physiotherapy, location not while moving neck, not (much
reported, mean age 46yrs, 66% feeling worse while improved) OR
female extending neck, satisfaction
diagnosis of spondylosis level 5 of 5
without radiculopathy (6  point scale
variables) (very satisfied)
at end of
session.
Prevalence =
60% (n = 60)
Spinal traction
20 Caietal Derivation Single n = 103, neck pain (and/or Home-based =3 of 4 variables: FABQ- NPS reduction  Sensitivity 51% 80%
(2011)64 group cervical numbness with radicular mechanical W <13, baseline NPS 250% OR NDI (36-66),
pain, numbness or headache, cervical 27, positive cervical reduction 250%  specificity 89%
diagnosis of spondylosis or traction distraction test, pain OR global (77-96), +LR 4.8
degenerative change), mean below shoulder (4 rating of (2.1-10.7)
duration 30.6 weeks, referred to variables) perceived
physiotherapy, location not recovery
reported, mean age 49yrs, 40% =much
female improved (7
point Likert
scale, much
worse to
completely
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recovered) at 2
weeks”.
Prevalence =
46% (n = 47)



21 Raney et Derivation  Single n = 68, neck pain with NDI 220%, Clinic-based =23 of 5 variables: patient GROC 2+6 at Sensitivity 63% 79%
al group mean duration 292.4 days, mechanical reported end of 6" (46-78), (Cls not
(2009)73 referred to physiotherapy, USA, cervical peripheralisation on C4-  session (3 specificity 87% reported
mean age 48yrs, 56% female traction 7 mobility tests, positive  weeks). (73-94), +LR 4.8 )
(+ postural & shoulder abduction test,  Prevalence = (2.2-11), -LR
deep neck age 255 yrs, positive 44% (n = 30) 0.42 (0.25-0.65)
flexor upper limb tension test
exercise) A, positive neck
distraction test (5
variables)
Fritzetal Broad RCT n = 54, neck pain with NDI 210% As per Raney et al Change in NDI  No significant Results
(2014)®  validation (different to derivation) and (2009)" at 4 weeks and  difference did not
symptoms extending to 6 and 12 between those support
acromioclavicular joint or superior months. positive and the
scapular, median duration 53 Prevalence not negative on CPR  validity
days, from physicians and reported (p 20.05) of the
physiotherapists, USA, mean age CPR
47yrs, 54% female
Exercise program
22 Hanney Derivation  Single n = 91, non-specific neck pain Standardise 24 of 5 variables: NDI GROC =+4 at Sensitivity 58% 78%
et al group with NDI 210/50, mean symptom d neck and <18/50, shoulder treatment (42-70), (Cls not
(2003)65 duration 286.6 days, from shoulder protraction during static  completion (6 specificity 81% reported
physiotherapy, location not stretching postural assessment, weeks). (66-98), +LR 3.0 )
reported, mean age 46yrs, 76% and patient does not bicycle  Prevalence = (1.5-5.7), -LR
female strengthenin  for exercise, side 55% (n =50) 0.52 (0.36-0.74)
g bending CROM <32
degrees, FABQ-PA
subscale <15 (5
variables)
23 Keating Derivation  Single n = 97, chronic neck pain, median Tailored NDI reading question Reduction in Not reported PPV
et al group symptom duration 36 months, neck >1/5 and NDI lifting NDI 214 at 64%,
(2005)37 seeking physiotherapy care, strengthenin  question >1/5 (2 discharge NPV
Australia, mean age 41yrs, 65% g variables) (median time 6 74%
female weeks). (Cls not
Prevalence = reported
56% (n = 54) )
As above Narrow Single n = 192, chronic neck pain, As above As above Reduction in Not reported PPV
validation group median symptom duration 60 NDI 214 at 56%,
months, seeking physiotherapy discharge NPV
care, Australia, mean age 41yrs, (median time 6 74%
67% female weeks). (Cls not
Prevalence not reported
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reported

Mixed modes

24 Fritz & Not Single n = 274, neck pain, median Classificatio  Classificationinto 1 of 5  NDI reduction Matched Not
Brennan  applicable  group symptom duration 48 days, n based subgroups with matched =8 points, intervention reported
(2007)34 * receiving physiotherapy physiotherap intervention: mobility change in superior to

treatment, USA, 44yrs, 74% y (manual therapy), NPRS-11, unmatched for

female exercise & conditioning number of change in NDI
(strengthening), pain visits. (mean difference
control (mobilization & Prevalence = 5.6 (2.6-8.6))
ROM), headache 73% (n = 83) and NPRS (0.74
(strengthening & (0.21-1.3)), but
manipulation), not sessions
centralisation (retraction required
& traction)

25 Nee et al Derivation  Single n = 40, neck and nerve-related Neural >89/120 (responder) or Responder: Responder: Respon

(2013)66 group unilateral arm pain with NPRS 23, tissue <71/120 (non- GROC =+4 at sensitivity 43% der:
(secondary duration 24 weeks and 24 weeks  managemen  responder) points from 3-4 weeks. (25-64), 90%
analysis pain-free prior (not traumatic t (education, score chartincluding S-  Prevalence = specificity 95% (56-98)I
RCT) onset or =22 neurological signs), manual LANSS, age and 53% (n = 21) (75-99), +LR 8.1  Non

from general community, location  therapy and  ULNT1(median) elbow (1.1-58) respond
not reported, duration median 26 nerve gliding extension deficit Non-responder: er: 9%
weeks, mean age 47yrs, 63% exercises) sensitivity 5% (1- (1-42)I
female 23), specificity

47% (27-68),

+LR 0.09 (0.01-

0.64). AUC 0.85

(0.72-0.98)

26 Schelling Derivation  Secondary n = 329, non-specific neck pain Manual Decision tree matched Global Short-term: Not
erhout et analysis 3 (no disc herniation or therapy, to therapy including pain  perceived probability of reported
al RCTs rheumatological condition), physiotherap (NRS <7/>7), recovery <2 on recovery
(2008)74 symptom duration <1 month to >3  y or advice accompanying LBP 7 point scale (0 increased by

months, consulting primary care
physician, Netherlands, mean
age 46yrs, 61% female

(yes/no), age <50/>50 (3
variables)

= completely
recovered, 6 =
worse than
ever) at end of
treatment
(short-term)
and 52 weeks
(long-term).
Short term
prevalence =
52% (n = 165),
long term

26% (14-38)
from 32%.
Long-term:
probability of
recovery
increased by
17% (3.8-29)
from 50%
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prevalence =
62% (n =195)

*Included further sessions of strength and stretch exercises additional to derivation model treatment, *Reduction by 5 points required if initial NDI score >5 and <10. Reduction
by 2 points required if initial NPS score = 2. Measure not used if NDI score <5 or NPS <1, " Examination of non-mathematically derived classification system

Values in figure inconsistent with those in text, CPR = clinical prediction rule, no = number, Cl = confidence interval, CROM = cervical range of motion, NDI = Neck Disability
Index, GROC = Global Rating of Change Scale (15 point: -7 (a very great deal worse) to +7 (a very great deal better)), RCT = Randomised Controlled Trial, FABQ-PA = Fear
Avoidance Belief Questionnaire — Physical activity subscale, FABQ-W =, Fear Avoidance Belief Questionnaire — Work subscale, +LR = positive likelihood ratio, CNS = central
nervous system, NPRS = Numeric Pain Rating Scale, NPS = Numerical Pain Scale, IQR = Interquartile Range, S-LANSS = Self-report Leeds Assessment of Neuropathic
Symptoms and Signs , AUC = area under the curve, NRS = Numerical Rating Scale
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APPENDIX A. Search strategies

PubMed

1

(((Neck[Mesh] OR Neck OR Necks OR Cervical Vertebrae[Mesh] OR "Cervical Vertebrae" OR Neck
Muscles[Mesh] OR "Neck Muscles") AND (Pain[Mesh] OR Pain OR Pains OR Aches OR Ache OR Sore
OR Disability)) OR (Neck Injuries[Mesh] OR Whiplash Injuries[Mesh] OR Radiculopathy[Mesh] OR "Neck
Injuries”" OR "Neck Injury" OR Whiplash OR Radiculopathies OR Radiculopathy))

((validat* OR predict*[Title] OR rule*) OR (predict* AND (outcome* OR risk OR risks OR model OR
modelling OR models OR modelled)) OR ((history OR variable* OR criteria OR score OR scores OR
scoring OR scored OR characteristic* OR finding* OR factor*) AND (predict* OR model OR modelling OR
models OR modelled OR decision* OR identif* OR prognos*))

OR (decision* AND (model OR modelling OR models OR modelled OR clinical* OR logistic
regression[Mesh])) OR (prognostic AND (history OR variable* OR criteria OR score OR scores OR scoring
OR scored OR characteristic* OR finding* OR factor* OR model OR modelling OR models OR modelled)))

stratification OR ROC Curve[Mesh] 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

Fractures, Bone[Mesh] OR Neoplasms[Mesh] OR Fracture OR Fractures OR Neoplasm OR Neoplasms
OR Cancer OR Cancers

(L AND (2 OR 3)) NOT 4

Limit 5 to English language

Embase

1

'neck’/exp OR neck OR 'cervical spine'/exp OR 'cervical spine' AND (‘pain‘/exp OR pain OR ache OR sore
OR 'disability'/exp OR disability) OR ('neck'/exp OR neck AND (‘injury'/exp OR injury)) OR ‘cervicobrachial
neuralgia'/exp OR 'cervicobrachial neuralgia’

validat* OR predict*:ti OR rule*OR (predict* AND (outcome* OR 'risk'/exp OR risk OR risks OR 'model’/exp
OR model OR 'modelling'/exp OR modelling OR models OR modelled)) OR (‘history'/exp OR history OR
variable* OR criteria OR score OR scores OR scoring OR scored OR characteristic* OR finding* OR
factor* AND (predict* OR 'model/exp OR model OR 'modelling/exp OR modelling OR models OR
modelled OR decision* OR identif* OR prognos*)) OR (decision* AND ('model/exp OR model OR
'modelling'/exp OR modelling OR models OR modelled OR clinical* OR 'logistic regression analysis'/exp
OR 'logistic regression analysis')) OR (prognostic AND (‘history'/exp OR history OR variable* OR criteria
OR score OR scores OR scoring OR scored OR characteristic* OR finding* OR factor* OR 'model'/exp OR
model OR 'modelling/exp OR modelling OR models OR modelled))

‘stratified sample'/exp OR 'stratified sample' OR ‘receiver operating characteristic'/exp OR 'receiver
operating characteristic' OR discrimination OR 'kappa statistics'/exp OR 'kappa statistics' OR 'statistical
significance'/exp OR 'statistical significance’ OR 'area under the curve'/exp OR 'area under the curve' OR
‘auc'/exp OR auc OR 'calibration'/exp OR ‘calibration' OR indices OR 'classification algorithm'/exp OR
‘classification algorithm' OR multivariable

‘fracture'/exp OR fracture OR 'neoplasm'/exp OR neoplasm

&)

(LAND (2 OR 3)) NOT 4

limit 5 to humans, Embase, English language, articles or articles in press

CINAHL Plus via EBSCO

1

((MH "Neck™ OR Neck OR Necks OR (MH "Cervical Vertebrae") OR "Cervical Vertebrae" OR (MH "Neck
Muscles") OR "Neck Muscles") AND ((MH "Pain") OR Pain OR Pains OR Aches OR Ache OR Sore OR
Disability)) OR ((MH "Neck Injuries") OR (MH "Whiplash Injuries") OR (MH "Radiculopathy") OR "Neck
Injuries" OR "Neck Injury" OR Whiplash OR Radiculopathies OR Radiculopathy)

(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*)) OR (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)

(MH "Fractures, Bone") OR (MH "Neoplasms") OR Fracture OR Fractures OR Neoplasm OR Neoplasms
OR Cancer OR Cancers

(L AND 2) NOT 3

Limit 4 to humans, academic journals, English language and exclude MEDLINE records

AMED via Ovid

1

((exp neck/ OR neck$ OR exp cervical vertebrae/ OR cervical vertebrae OR cervical spine OR exp neck
muscles/ OR neck muscle$) AND (exp pain/ OR pain$ OR ache$ OR Sore OR Disability)) OR (exp neck
injuries/ or neck injur$ OR exp whiplash injuries/ OR whiplash injur$ OR whiplash OR cervical
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radiculopathy$ or radiculopathy$)

(Validat$ OR Predict$.ti. OR Rule$) 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 Logistic
Models)) OR (Prognostic AND (History OR Variable$ OR Criteria OR Scor$ OR Characteristic OR
Finding$ OR Factor$ OR Model$))

Stratification OR 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

Fracture$ or exp neoplasms/ or neoplasm$ or cancer$

(L AND (2 OR 3)) NOT 4

o |0

Limit 5 to English language and journal articles

PEDro

“clinical prediction” (abstract and title)

head and neck (body part)

clinical trial (method)

AIWIN(F

1 AND 2 AND 3

Cochrane Library

1

(((MeSH descriptor "Neck" or Neck* or MeSH descriptor "Cervical Vertebrae" or "Cervical Vertebrae" or
MeSH descriptor "Neck Muscles" or "Neck Muscles") and (MeSH descriptor Pain or Pain* or Ache* or Sore
or Disability)) or (MeSH descriptor "Neck Injuries” or MeSH descriptor "Whiplash Injuries" or MeSH
descriptor "Radiculopathy"” or "Neck Injuries" or "Neck Injury" or Whiplash or Radiculopathy))

(validat* or "predict":ti 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 (MeSH descriptor Logistic Models, explode all trees)))
or (prognostic and (history or variable* or criteria or scor* or characteristic* or finding* or factor* or
model*))

stratification or MeSH descriptor "ROC Curve" or discrimination or discriminate or c-statistic or ¢ statistic or
"Area under the curve" or AUC or calibration or indices or algorithm or multivariable

MeSH descriptor "Fractures, Bone" or MeSH descriptor "Neoplasms" or Fracture* or Neoplasm* or
Cancer*

(LAND (2 OR 3)) NOT 4

Limit 5 to trials
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