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Abstract

Objective: The purpose of this systematic review is to identify and synthesize studies evaluating
performance-based outcome measures designed to evaluate the functional abilities of patients
with mechanical neck pain.

Setting: Not applicable

Participants: Participants with neck disorders

Methods: A literature search using PubMed, Scopus, CINAHL, Embase, COCHRANE, Google
Scholar, and a citation mapping strategy was conducted through June 2018. Selected articles
were appraised using the COSMIN risk of bias checklist tool and the Quality Appraisal for
Clinical Measurement Research Reports Evaluation Form (QACMRR). Relevant data were then
extracted from selected articles using an extraction guide.

Results: The search obtained 12 articles which reported on 4 outcome measures reporting to

assess the functional abilities in patients with mechanical neck pathology. Of the selected papers:

1 reports content validity, 5 construct validity, 4 reliability, 1 sensitivity to change, and 1 both
reliability and construct validity. COSMIN sub-scores ranged from “inadequate” to “very good”
and QACMRR scores ranged from 68% to 95%.

Conclusions: A limited number of performance-based tests have been developed or validated
for assessing neck function. The pool of research in this area is sparse and insufficient to make
conclusive recommendations.

Prospero registration: CRD42018112358

Strengths and limitations of this study
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e The psychometric properties of performance outcome measures for neck pain were
synthesized and critically appraised
e This study assessed the risk of bias and the quality of measurements properties

e The feasibility or usability of these tools was not assessed

Introduction

Neck pain has been associated with high disability and is regarded as a substantial
societal burden. (1,2) Approximately 70% of people experience neck pain within their lifetime
and about 33% of adults experience neck pain every year. (3,4) Further concern is warranted as it
has been suggested that the incidence of neck pain is increasing. (5,6,7) The economic burden
due to neck disorders is high, including lost wages, costs of treatment, and compensation
expenditures to injured people. (8,9) Neck pain is second only to low back pain in annual
workers’ compensation costs in the United States.(7)

Outcome measures are a crucial component in monitoring patients with neck pain to
determine the effects of treatment, evaluation of interventions, guiding return to work, and
justifying treatment. Several self-reported outcome measures currently exist to assess disability
and function in those with neck pain (e.g. the Neck Disability Index (NDI) or the numeric pain
rating scale (NPRS). (10) Evidence-based clinical practice guidelines suggest that measures
assessing physical performance should also be used for people with neck pain. (11)
Performance-based testing is where the assessment is based on actual performance of a task or
activity. Physical performance can be assessed by testing a person’s ability to execute a
standardized activity in a standardized environment (i.e. clinical setting). (12) Time to complete

the activity, number of repetitions performed, and weight lifted are frequently used to quantify
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the physical performance. (13) Conversely, self-report measures examine patients’ perception
and experience of their ability to perform functional tasks. (12) Previous research has
demonstrated poor to fair relationships between physical performance and self-report measures
of ability in patients with various musculoskeletal disorders suggesting that these measures
assess different constructs of function. (13,14) Consequently, physical performance tests and
self-report measures complement each other and may each contribute unique information about a
patient’s function. (15)

A fundamental component of monitoring outcomes is having reliable and valid tools
with known measurement properties. (16,17) While recent research has investigated the
psychometric properties of patient-reported outcomes in people with neck pain (1,10, 18,19,20)
there is a gap in knowledge with respect to performance-based functional outcomes. The purpose
of this systematic review was to identify and synthesize clinical measurement studies that
evaluate psychometric properties of performance-based functional tests in patients with neck

disorders.

METHODS
Patient and Public Involvement

No patient involved

Study Design and Protocol Registration
We conducted a systematic review to evaluate the psychometric properties of
performance-based functional tests for people with mechanical neck disorders. The protocol was

registered in PROSPERO register with registration number CRD42018112358.
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Search Strategy

A database search using CINAHL, PubMed, Scopus and Google Scholar was performed
to identify articles published before July 2018. The following search strategy was used to search
all databases for eligible studies: (Reliability OR validity OR responsiveness OR calibration OR
validation OR (minimal detectable change) OR (clinically important difference) OR
(psychometric properties) AND cervical OR neck OR c-spine AND (performance measure) OR
(functional test) OR (functional outcome) OR (performance outcome)). A citation map of articles
and systematic reviews selected for the full-text review was performed. This strategy was
included to minimize the risk of publication bias. The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) process (21) was followed to ensure all appropriate

steps were taken in the selection process (FIGURE 1).

Inclusion and Exclusion Criteria

Articles were included in the final review if all of the following criteria were met: 1)
>50% of the study’s patient population had neck pain or a musculoskeletal neck disorder 2)
Patients in the study completed a functional-based test 3) Clinometric properties of at least one
performance-based test were reported. Definitions for the properties can be found in

APPENDIX A.

Article Selection

Titles and abstracts generated by the search strategy were screened by two authors

independently. Articles that met the inclusion criteria and selected for a full text review were also
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reviewed in pairs of authors. Disagreements were resolved by the most experienced author

(JCM)

Data Extraction

Data extraction and critical appraisal was performed in pairs of two raters among the
authors, after the completion of a calibration session. When reviewers disagreed during data
extraction and/or critical appraisal, and consensus could not be met, a third author arbitrated. A
data extraction form (17) (APPENDIX A and APPENDIX B), developed by one of the authors
(JCM.), was used to ensure systematicity. Authors extracted sample size, patient population

characteristics, functional tests performed and reported psychometric properties.

Risk of Bias and Quality Assessment

Two authors used the Consensus-based Standards for the selection of health
Measurement Instruments (COSMIN) (22) checklist to assess risk of bias in the articles selected
for publication. The COSMIN checklist was recently adapted to evaluate risk of bias in studies
on measurement properties of patient reported outcome measures (PROMs). (22) After
completing a calibration session, each article was scored on the 4-point scale as “very good”,
“adequate”, “doubtful” or “inadequate” for each of the checklist criteria for relevant
measurement properties (e.g. reliability, responsiveness, etc.). To determine the overall score for
each measurement property, the worst score counts method was used wherein the lowest score
for the checklist criteria of the relevant property was taken as the overall score. (23) Pairs of
authors critically appraised the quality of each study using a standardized 12-item evaluation tool

(QACMRR) designed to assess the quality of studies determining measurement properties in
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outcome measures (APPENDIX C). (24) Total scores on the tool can range from 0 to 24, with a
higher score indicating higher quality. Scores can be normalized to range between 0-100%. This
tool has been found to have good to excellent pre-consensus inter-rater reliability (ICC: 0.69-
0.91) across a number of systematic reviews. (17,24-28) Raw scores were converted to
standardized percentage scores and ranked based on percentage values. There were no formal

mechanisms developed to weight the studies based on quality scores.

RESULTS

The search strategy resulted in 840 published articles. After duplications were removed,
31 articles were deemed relevant and were screened at full text. Overall, 12 articles met our
inclusion criteria (FIGURE 1). The characteristics of the included studies and the summary of
psychometric properties are presented in TABLE 1. The risk of bias and the quality assessment
is summarized and presented in TABLE 2-3. The 12 articles that were included for review
provided properties on the following performance based tests: Functional Capacity Evaluations
(FCE) (29,30,31,32,33,34), The Baltimore Therapeutic Equipment Work Simulator II (BTEWS
IT) (35), Functional Impairment Test- Hand and Neck/Shoulder/Arm (FIT-HaNSA) (36), as well
as items off of a physiotherapy test package including a cervical and lumbar Progressive
Isoinertial Lifting Evaluation (PILE-C, PILE-L) test (37,38,39,40) and 2 x 20 m with burden
walking test (2x20M-WWB) (37,38,39,40). Descriptions of all performance-based tests and their

relevant subtasks are provided in APPENDIX D.

FCE
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Six articles reported measurement properties for a FCE battery. We identified multiple
versions of the FCE in the literature with one article reporting properties on the Workwell FCE
(30), two reporting on the Whiplash Associated Disorder (WAD) FCE (29,31) and three
reporting on the neck-FCE. (32,33,34) These test batteries include various combinations of
muscular strength, endurance and functional based tests. The measurement properties of the
functional based tests used by the FCE are outlined in TABLE 4.

An article evaluating the Workwell FCE (30) reported convergent validity and predictive
criterion validity of future work capacity in workers diagnosed with WAD I or II. Correlations
between FCE sub scores and baseline work capacity ranged between r=0.06 and r=0.39. FCE
subscores did not predict future work capacity at 1, 3, 6 and 12 months.

An article evaluating the WAD FCE (29) evaluated test-retest reliability and
measurement error in sick listed workers diagnosed with WAD grade 1 or 2. Interclass
Correlation Coefficients (ICC) ranged from 0.66 to 0.96 (moderate to excellent). Limits of
agreement relative to mean performance ranged from 21 to 57% for functional based sub-tests.
Another WAD FCE article (31) evaluated convergent validity and known-groups validity. FCE
subscales showed small to moderate correlations with each of: pain, self-reported functional
ability, self-reported disability, anxiety and depression. It was found that the FCE had known-
group sex validity (males vs females) for 1 of 3 functional subtests (lifting waist-overhead) and
reported significant performance differences between culture groups (german vs non-german
language groups).

Reesink et al. developed an independent FCE for patients with musculoskeletal neck
disorders (neck FCE). (34) They performed a review of epidemiological literature and identified

four physical risk factors for work-related neck disorders and used that information to develop an
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FCE consisting of eight performance-based tests. Content validity was established by following
operational definitions of the risk factors when searching the literature and using current
literature to provide a rationale to guide their development of the tasks comprising the FCE.
Because of the unconventional methods used by this study to establish content validity, the
authors of this review determined that the tools used to critically appraise other articles would be
inappropriate and were given scores of N/A for the COSMIN and QACMRR. An additional
article measured test-retest reliability of the subscales of the neck FCE in patients with
multifactorial neck pain. (32) Test retest ICC’s ranged from poor to excellent. Limits of
agreement relative to mean performance range from 32.0% to 56.5% for functional based sub
tests. Convergent validity was performed against the Neck Disability Index (NDI) items and total
score. (33) The authors found weak to moderate Pearson correlations for the FCE sub scores to

both NDI individual items and the NDI total score.

BTEWS 11

Lomond and Cote reported on the reliability, measurement error, minimum detectable change
(MDC) and validity of the power output (PO) task during the BTEWS II test in patients with
chronic neck and shoulder pain (TABLE 5). (35) Test-retest reliability, measured with Spearman
Rank correlations and ICC’s was measured at p=0.37 and ICC,; = 0.54, respectively. The
standard error of measurement (SEM) and the minimal detectable change at 90% confidence
(MDCy) for the PO task were measured as 30.25 and 70.59, respectively.

Weak Spearman Rank correlations between the PO task and the NDI, Shoulder Pain and

Disability Index (SPADI) and Numeric Rating Scale (NRS) for pain tests were recorded. There

were no significant performance differences between control and pain groups for the PO task.

10
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Fit-HaNSA

Pierrynowski and colleagues reported on the reliability, measurement error, MDC and
validity of the Fit-HaNSA test in a sample of people with WAD II following motor vehicle
collision (MVC) (TABLE 6). (36) Intra-rater reliability ICC’s for patient subtask and total
scores ranged between 0.70-0.78. (36) Inter-rater reliability ICC’s for patient subtask and total
scores ranged between 0.54-0.84. (36) The Bland and Altman plot for the patient group showed a
26 s bias in terms of improved performance on the second test (possible learning effect). The
standard deviation of difference was 124 s and 95% Limits of Agreement (LoAgs) was 248 s.
(36) The SEM for people with WAD II was reported to be 76 s. (36) The MDCy, was measured
as 176 s. (36)

Spearman rank correlations were also calculated between the Fit-HANSA, Numeric Pain
Rating Scale (NPRS), NDI, the disabilities of arm, hand and shoulder (DASH) and 6 cervical
range of motion measures. Most (59 of 78) of the correlations between performance and
comparator measures were poor (r=<0.4). (36) All correlations between total Fit-HaNSA scores
and subtask scores had good correlations (r=<0.75), except for Task 1-Task 3. (36) Significant
performance differences between WAD II and control groups (known group validity) were

recorded for the total Fit-HaNSA score and all 3 subtask scores. (36)

Physiotherapy Test Package Subtests
Ljungquist et al published a series of articles which evaluated the clinometric properties
of a physiotherapy test package for patients with spinal pain (TABLE 7). (37,38,39,40) This

package included muscular strength & endurance tests, submaximal endurance tests, and three
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functional tests. These functional tests included the PILE-C, PILE-L, and 2x20M-WWB test.
Ljungquist’s series of articles reported on convergent validity, known-groups validity, reliability,
measurement error and sensitivity to change for these tests. (37,38,39,40)

In a 1999 article (38), correlations between the tests of the package and pain (CR-10) and
perceived exertion (Borg RPE) were determined. All correlations were weak, except for a
moderate correlation between the PILE-C test and pain intensity and a moderate correlation
between 2x20M-WWB test and pain intensity.

In a paper from 1999, the PILE-C, PILE-L and 2x20M-WWB tests were found to have
significant discriminative abilities in distinguishing healthy subjects from patients with spinal
pain. (37) The sensitivity and specificity for this known group discrimination for the PILE-C test,
were reported to be 0.93 and 0.69, respectively. (37) The sensitivity and specificity for the PILE-
L test were reported to be 0.85 and 0.65, respectively. In a 2003 article, the PILE-C, PILE-L and
2x20M-WWRB tests were tested to determine their ability to discriminate between known-groups
(neck pain vs back pain). (40) Subjects with spinal pain completed the CR-10, the University of
Alabama Pain Behavior scale (UAB) and the Borg RPE test. Specific cut points were used to
distinguish patients with high vs. low pain intensity, high vs. low pain behavior, and high vs. low
perceived exertion in patients, respectively. Participants then completed the test package and it
was determined if each subtest could discriminate between participants with high vs. low pain
intensity. The functional tests were able to discriminate between all 3 subgroups with the
exception of the PILE-C being unable to discriminate between participants with high vs. low
perceived exertion.

The inter and intra rater reliability were tested on participants with spinal pain. (38)

Limits of agreement were used to measure inter rater reliability and repeatability, defined as 2x

12
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the within-subject standard deviation of each variable. Interrater agreement for 2 tests was
deemed “acceptable”, while all 3 functional tests had “clinically acceptable” intrarater reliability.
(38) Sensitivity-to-change was evaluated in the test package following 6 months of a
physiotherapy intervention. Using ROC curves, Wilcoxon sign ranked tests and spearman
correlation coefficients, only the 2x20m-WWB test and the PILE-C (women only) were deemed
to be sensitive to change. (39) Additionally, moderate to high effect sizes were found for all test

components.

DISCUSSION
This study synthesized 12 studies assessing clinometric properties of 4 different

performance-based functional assessments. Given the limited number of studies, the substantial
variation in the types of tests examined, the methods used to assess the clinical measurement
properties, and the study populations, the current state of knowledge does not allow firm
conclusions regarding recommendations for an optimal performance-based test at this time.
Overall, there 1s weak to strong evidence for a range of properties of the 4 different assessments
in patients with acute or chronic neck pain that is musculoskeletal in origin.
FCE

The breadth of a performance-based test is variable and defined by the developers. An
advantage of the functional assessment designed by Reesink et al. (34) is that they mapped the
eight subtests to risk factors identified in the literature for work-related neck disorders. The eight
subtests consist of: material handling tasks, lifting floor to waist, overhead lift test, one-handed
and two-handed carrying, overhead working, repetitive reaching, overhead lifting, and repetitive

bending and overhead reaching. Given the systematic approach and rationale these authors used
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in developing the FCE and this approach being used in previous research (41), we suggest that
this test has strong content validity. However, the nature of the reporting of content validity
made it difficult to formally assess this paper using the COSMIN tool.

Six articles address the clinical measurement properties of this FCE. There is adequate
evidence that the FCE is stable over test-retest time of 7-14 days. (29,32) These measures
demonstrate longer stability over time compared to self-report measures such as the Neck
Disability Index (NDI) which has demonstrated test-retest reliability within only a short period
of 0-3 days. (17) Whether this longer-term stability is a characteristic of performance-based tests
or reflects differences in study populations in context requires further testing. Although test-
retest reliability has been assessed, inter-rater and intra-rater reliability has yet to be researched.
Unlike self-report measures, we expect measurement error due to the evaluator and performance-
based tests. Thus, future research should explore these aspects of reliability.

Convergent validity is often examined in clinical measurement studies. We suggest that
this may be because these comparisons are easily performed by correlating different tests rather
than providing strong confidence in the validity of the measurement. Often convenient
comparisons are performed rather than those most relevant. Across many domains and measures
it has become clear that the relationship between self-reported function and performance-based
function or physical impairment is often low to moderate. Therefore the value of assessment of
these relationships as a form of validation has limited value. Several studies of varying quality
have reported on the convergent validity of the FCE. (30,31,33) One article of adequate quality
found the relationship between the FCE and work capacity to be poorly associated with one
another. (30) The same study found that the ability of the FCE to predict future work capacity

was poor. This may be considered a more important comparison since ideally performance-based
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tests would relate to important outcomes like return to work. No studies to our knowledge report
the responsiveness or sensitivity to change of the FCE. This is an important gap since the focus
of rehabilitation is often to remediate limitations in goal impairments or work capacity, and
assessment of these changes is critical to clinical decision-making and reporting outcomes. Thus,
future research should evaluate the responsiveness of the FCE to provide insight in the measure’s
ability to detect change after an intervention.
FIT-HaNSA

One very good quality study assessed the FIT-HaNSA, a test consisting of two reaching tasks
(waist and eye-level) and sustained overhead task performance. (36) Overall, the FIT-HaNSA
demonstrates excellent inter-rater reliability and strong intra-rater reliability. The specific
subtests included within the FIT-HaNSA similarly demonstrate moderate to strong inter-rater
and intra-rater reliability. The FIT-HaNSA also demonstrated a clear ability to distinguish
between people with WAD 2 and healthy controls. Correlations between the FIT-HaNSA and
other patient self-report disability and functional outcome measures (NPRS, NDI, DASH,
CROM and FIT-HaNSA) were generally poor (p < 0.4), consistent with other studies comparing
performance and self-report. (13,14) The largest limitation in critically synthesizing information
for this test is that only a single study was found that reported the measurement properties for
people with neck disorders. It should be noted however that it has been validated in other MSK
disorders. (1-6) Although others have noted the lag in development of performance-based
measures in comparison to self-report measures, FIT-HaNSA was recommended as a
performance-based measure for people with shoulder disorders. (2)

BTEWS II
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One study of doubtful to adequate quality according to the COSMIN risk of bias tool
assessed the efficacy of the BTEWS II where the participants performed a dynamic pushing and
pulling task in which power output was recorded over a 10 second sample. (35) While the
convergent validity aspect of this paper was assessed as adequate through the critical appraisal
process, the relationship between the power output on the BTEWS and measures of pain and
disability (NDI, SPADI, NRS) were poorly associated with each other. In addition, the power
output component was not found to be significantly different between people with neck pain and
healthy controls which suggests it might not be discriminative. Discrimination between patients
and those without any symptoms is a low benchmark, and tests that cannot fulfil this benchmark
should be viewed with caution. Because of the weak measurement properties demonstrated by
the power output component of the BTEWS 11, it does not appear to be a desirable performance-
based measure to assess function in people with neck pain. However, we acknowledge for all of
the performance-based tests the evidence pool is so shallow that there is high potential that future
studies might lead to different conclusions.

Physiotherapy Test Package Subtests

Four studies assessing relevant items from a physiotherapy test package, including a lift
from floor-to-waist and a waist-to-shoulder task and a two-handed carrying task, ranged in
quality from “inadequate” to “very good”. The properties of these assessment items include weak
to moderate correlations to pain, perceived exertion, and had “adequate” reliability. The 2x20m-
WWRB and PILE-C tests were found to be sensitive-to-change which is valuable information as
no other study has assessed this property in performance-based measures in patients with neck
disorders. Thus, this measure may be of value in clinical settings when assessing functional

capacity before and after a treatment intervention. All tests had discriminative ability for
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detecting participants with spinal pain vs healthy controls. Most of the three tests demonstrated
poor construct validity in that they were poorly related to pain and perceived exertion, although
this was observed in a study of “doubtful” quality. Thus, further research of better quality is
necessary to investigate these constructs.
Limitations

A challenge in synthesizing clinical measurement evidence is the wide range of
properties and indicators that need to be considered. Unlike effectiveness studies where one can
focus on the effect size of treatment there are many considerations that would affect the
recommendations made about outcome measures. This is further complicated when the pool of
evidence is shallow. Although the COSMIN and the quality assessment tool (QACMRR)
developed by one of the authors of this review which assess risk of bias and the quality of design
of individual studies respectively, were useful for interpreting the evidentiary pool, there is no
clear method to synthesize the extracted clinical measurement evidence. While some systematic
reviews on treatment might only report findings from high-quality studies, it is important to see
how outcome measures perform in different contexts. Further, the assessment of risk of bias and
quality are complicated given that clinical measurement studies have so many dimensions.
Therefore, exclusion of lower quality studies has questionable value. Thus, a more practical
approach is to consider quality when interpreting the findings, rather than excluding studies.

The COSMIN and the QACMRR provide different perspectives since one focuses on the
risk of bias and the other the quality of the research design. For example, the article by Van de
Meer et al. was determined to be doubtful according to the COSMIN which is the lowest score
attainable on the tool whereas the QACMRR yielded a score of 86%. Additionally, the COSMIN

score for the Reneman 2017 paper in this review was found to be adequate, a much better result

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

BMJ Open

than many other articles in this review but yielded the lowest score on the QACMRR of 67%.
This difference is likely attributed to the QACMRRSs focus on different design issues. For
example, it provides lower scores where there are problems with small sample size or poor
subject retention, whereas the COSMIN did not ask any specific questions that captured these
qualities. The QACMRR focuses on whether the authors made appropriate decisions in selecting
the scope and methods of their clinical measurement evaluations within a given study and
provides descriptors of poor fair or good design options. Quality focuses on issues that might
affect risk of bias or imprecision in estimates; whereas risk of bias assessments focusses on items
that might result in a biased estimate. For example, insufficient power is a precision (quality)
issue, not a risk of bias. Although it is difficult to interpret the meaning of the percentage of the
QACMRR as there are no established cut-offs for distinguishing good and poor-quality studies, it
provides one way of ranking the articles in order of quality. Since the COSMIN rates bias
according to specific measurement properties whereas the the QACMRR evaluates the overall
study design, we found that these tools provide complementary perspectives on the studies.
Therefore, agreement on the scores was not expected.

Another limitation in this review was that the feasibility or usability of these tools was
not assessed. While feasibility was not the focus of this review, information on the practical
application of these performance-based measures provides valuable information to clinicians for
determining whether these tests are appropriate to use in their given setting. Thus, future research
should not only investigate further the psychometric properties of these tools, but also report the
feasibility of using these tests so that they may be used in clinical settings and to identify

limitations that restrict their application in practice.
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CONCLUSION

This study confirms that performance-based tests have had far less development and
evaluation than self-report measures. Limitations include the number of tests and insufficient
body of evidence to make confident recommendations with respect to performance-based testing.
It is clear that self-report and performance-based measures provide different perspectives.
Theoretically, performance-based tests are important to inform our understanding about the
mechanisms of intervention and how interventions increase capacity. Overall more work is
required to further establish the psychometric properties of performance-based tests in persons
with neck disorders, including sensitivity-to-change, responsiveness, and predictive validity. The
data presented suggest that the FIT-HaNSA has the strongest clinometric properties though this
is based on a single high-quality paper specific to neck disorder. (36, 5) Importantly, normative
data have been published (6), it has been validated in multiple studies in patients with shoulder
conditions (1,3,4) and has been recommended when compared to other measures (2). The FCE
has a limited evidence base from which to draw, though it was developed with strong content
validity and further evaluation may demonstrate its usefulness. Performance-based evaluation in
people with neck disorders is an area needing much research attention both to establish the
measurement properties of existing measures, potentially to develop innovative new measures
and to perform head-to-head comparisons of measures before an optimal performance-based

tests can be identified.
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TABLE 1. Summary of Studies Reporting Psychometric Properties of Functional-based Tests in Neck Disor@er Patients

28

Study Population Sample Size (n) Functional Tests E Intervention/Test Interval
o
Ljungquist et al. 1999 Neck pain, back pain, 53 PILE-C, PILE-L R N/A
multiple pain sites, chronic §
pain o
Ljungquist et al. 1999 Neck pain, lumbar pain, 68 PILE-C, PILE-L, 2 ZZOm 8 days
thoracic pain, shoulder WWB N
pain, multiple pain sites, ©
chronic pain g
Ljungquist et al. 2003 Neck pain, lumbar pain, 235 PILE-C, PILE-L, 2 §20m N/A
thoracic pain, shoulder WWB 2
pain, lower extremity pain, r_th
multiple pain sites, chronic g
pain =
Ljungquist et al. 2003 cervical pain, lumbar pain, 186 PILE-C, PILE-L,2&%20m 6 months
cervical and lumbar pain, WWB El
multiple pain sites, chronic %
pain p
Lomond and Cote. 2011 Chronic neck and shoulder 32 BTEWS II % 9.5 days
pain S
Pierrynowski et al. 2016 Sub-acute and chronic 66 FIT-HaNSA § 2-7 days
WAD II >
Reesink et al. 2007 N/A N/A Neck-FCE = N/A
Reneman et al. 2017 Chronic multifactorial 18 Neck-FCE i 2 weeks
neck pain N
Trippolini et al. 2013 Sub acute and chronic 32 WAD FCE § 7 days
WAD I and II Q
Trippolini et al. 2014 Sub acute and chronic 267 Workwell FCE ] N/A
WAD Iand II Y
Trippolini et al. 2015 Sub acute and chronic 314 WAD FCE § N/A
WAD I and II g
Van der Meer et al. 2013 Chronic WAD I and II 40 Neck FCE % N/A
e
e
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PILE-C, Progressive Isoinertial Lifting Evaluation-Cervical; PILE-L, Progressive Isoinertial Lifting Evaluatiﬁn; CBT, Cognitive-

Behavioural Therapy; PT, Physical Therapy; NRPS, Numeric Pain Rating Scale; BTEWS 11, Baltimore Ther@oeutic Equipment Work
Simulator II; WAD, Whiplash Associated Disorder; MV A, Motor Vehicle Accident; FIT-HaNSA, Functionag Impairment Test-Hand
and Neck/Shoulder/Arm; FCE, Functional Capacity Evaluation; EXP, Experimental; M, Male; F, Female
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TABLE 2. Summary of Psychometric Properties Reported in Studies and COSMIN risk of bias checklist scq%es

N
B
Study Psychometric Properties Reported COSMIN Score g:
Ljungquist et al. 1999 Known-groups Validity Adequate R
Convergent Validity Very Good §
Ljungquist et al. 1999 Reliability Inadequate 3
Measurement Error Adequate %
Ljungquist et al. 2003 Known-groups Validity Very Good E
Ljungquist et al. 2003 Sensitivity to Change Doubtful S
Lomond and Cote. 2011 Reliability Doubtful %
Measurement Error Doubtful 8
Known-groups Validity Doubtful %
Convergent Validity Adequate =
Pierrynowski et al. 2016 Reliability Very Good ?
Measurement Error Adequate g
Known-groups Validity Very Good %
Convergent Validity Very Good %
Reesink et al. 2007 Content Validity N/A* E
Reneman et al. 2017 Reliability Adequate g
Measurement Error Adequate >
Trippolini et al. 2013 Reliability Adequate El
Measurement Error Adequate “'5
Trippolini et al. 2014 Convergent Validity Very Good S
Predictive Criterion Validity Very Good g
Trippolini et al. 2015 Known-groups Validity Very Good =
Convergent Validity Inadequate %
Van der Meer et al. 2013 Convergent Validity Doubtful %
COSMIN, Consensus-based Standards for the Selection of health Measurement Instruments g’
*Paper is not applicable for completion of COSMIN checklist g
(@]
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]
TABLE 3. Quality of Studies on Psychometric Properties of Functional-based Tests Evaluated in Neck Disotgler Patients

Item Evaluation Criteria

*Paper is not applicable for completion of study quality tool

31

Z

Q
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 @10 Q11 Q12  Total

g (%)
Trippolini et 2 2 2 2 1 2 2 2 2 2 1 2 92%
al, 2014 o
Lomond and 2 2 1 2 0 2 2 2 2 g 2 2 88%
Cote, 2011 5
Pierrynowski 2 2 1 2 0 2 2 2 2 % 2 2 88%
etal, 2016 a
Trippoliniet 2 2 2 0 1 N/A 2 2 2 g 2 2 86%
al, 2015 Z
Van der Meer 2 1 2 1 2 N/A 2 1 2 ] 1 2 86%
et al, 2013 El
Ljungquistet 2 2 2 0 0 N/A 2 2 2 3 2 2 82%
al 2003 KGV -
Ljungquistet 2 1 1 2 0 2 2 2 2 2 1 2 79%
al 1999 Rel 5
Ljungquistet 1 1 1 2 1 1 2 2 2 8 2 2 79%
al 2003 STC Z
Trippolini et 2 2 1 1 0 0 2 2 2 Z 2 2 75%
al, 2013 N
Ljungquistet 2 1 1 2 0 N/A 2 1 2 § 1 2 68%
al 1999 KGV g
Reneman et 1 2 1 1 1 0 1 2 2 % 2 1 67%
al, 2017 ol
Reesink, - - - - - - - - - 3 - - N/A
2007* g

g

g

8

<

e
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TABLE 4. Psychometric Properties of the Functional Capacity Evaluation
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FCE Battery Type of Properties Statistical Test Value Ruality
Neck FCE Test-retest ICC 0.39-0.96 Poor-excellent
Measurement Error Ratio of LoA 32.0-56.5% R
Convergent Validity Pearson or Spearman NDI total: 0.39-0.62 ?Veak to moderate
correlation NDI items: 0.03-0.63 Negligible to moderate
WAD FCE Test-retest Reliability ICC 0.66-0.96 BModerate-excellent
Convergent Validity Pearson Correlation Pain* 0.31-0.39 §Veak
SFS: 0.42-0.61 ®Moderate
NDI: 0.34-0.45 §Veak
HADS-A:0.27-036  Negligible-weak
HADS-D: 0.30-0.41 SVeak
Known-groups Validity = Linear Regression p<0.001 Significant for All
(German vs Non- Analysis Tasks
German) =
Known-groups Validity  t-test p<0.001 %igniﬁcant for Two
(sex) Jasks
Workwell FCE Convergent Validity Pearson or Spearman Work Capacity: 0.1-0.3 $Veak
Correlation =
Predictive Validity Pearson or Spearman 0.06-0.39 %Veak
Correlation 5
Linear Mixed Model B=-0.04, 95% CI: Not Significant
Regression of All -0.15-0.06 Z
Predictors p=0.428 (task 6) =

=

FCE, Functional Capacity Evaluation; ICC, Intraclass correlation coefficient; LoA, Limits of Agreement; N[ﬁ, Neck Disability Index;
Mod., Moderate; Neg., Negligible; SFS, Spinal Function Sort; HADS-A, Hospital Anxiety and Depression S§ale — Anxiety; HADS-D,
Hospital Anxiety and Depression Scale — Depression; CI, Confidence Interval Sig., Significant
*Pain measured via Numeric Rating Scale
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%
i %
2 5
i TABLE 5. Summary of Fit-HaNSA’s psychometric properties in neck disorder patients &
5 Test Type of Property Statistical Test Value Ruality
6 Fit-HaNSA Intra-rater Reliability ICC 0.78 Strong
7 Fit-HaNSA Inter-rater Reliability ICC 0.84 'Strong
8 Fit-HaNSA Measurement Error SEM 76 s g
9 LOAos 248 s 2
:: (1) MDCg() 176 s 8
12 Fit-HaNSA Convergent Validity Spearman Rank <0.4 ->0.75 @Ioderate - Strong
13 Correlation ©
14 Fit-HaNSA Known-groups Validity ~ F-test 62.6, <p,0.001 §igniﬁcant
15 WAD II vs Control =1
16 Fit-HaNSA Functional  Intra-rater reliability ICC 0.70-0.72 §trong
:; Sub-tasks 2
19 Inter-reliability ICC 0.54-0.80 Moderate
20 Convergent Validity Spearman Rank <0.4 ->0.75 Moderate - Strong
21 Correlation g
22 Known-groups Validity = F-test 42.0-53.3, p<0.001 Significant
23 WAD II vs Control 3
;g Fit-HaNSA, Functional Impairment Test, Hand and Neck/Shoulder/Arm; ICC, Intraclass correlation coefﬁci&lt; SEM, Standard Error
26 of Measurement; LOAys, 95% Limits of Agreement; MDCyy, 90% Minimal Detectable Change; WAD, Whipiash Associated Disorder;
27 Mod, Moderate %
28 *Correlations completed with Numeric Pain Rating Scale, Neck Disability Index, Disabilities of Arm, Shoul&r, Hand and 6 cervical
29 range of motion tests Z
30 =
31 ©
32 >
33 N
34 g
35 Q
36 3
37 2"
38 s
;
41 <
(@]
42 §
43 z 33
44 =
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
46


http://bmjopen.bmj.com/

BMJ Open Page 34 of 55

-6T0g-uadolwa/9g

TABLE 6. Psychometric Properties of Baltimore Therapeutic Equipment Work Simulator I1 — Power Outputiask

oNOYTULT D WN =

Test Type of Property Statistical Test Value Ruality
BTEWS I Test-retest reliability ICC 0.53 dModerate
Spearman 0.37 'Poor
BTEWS II Measurement Error SEM 30.25 g
MDCy 70.59 2
BTEWS 11 Convergent Validity* Spearman Not Reported IVeak
BTEWS II Known-groups Validity = Two-way Repeated Not Reported

(Pain vs Control) Measures ANOVA

E}Ion-signiﬁcant
QO

ICC, Intraclass correlation coefficient; SEM, Standard Error of Measurement; MDCyg, 90% Minimal Detectagle Change; ANOVA,
Analysis of Variance
*Spearman correlations completed with Numeric Rating Scale, Neck Disability Index and Shoulder Pain and%Dlsablhty Index
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TABLE 7. Psychometric Properties of performance-based tests included in physiotherapy test package
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Test Type of Property Statistical Test Value Ruality
PILE-C Inter-rater Reliability Mean Difference -0.24 g
LoA -2.46 and 1.82 PN
Z
o
PILE-C Inter-rater Reliability Repeatability (2X SD) M=3.93; F=1.19 g
% of Range M=10.5%; F=6.1% 3
PILE-C Convergent Validity Spearman Correlation CR-10: Unreported* Bloderate
Borg RPE: Unreported ~ $ow
PILE-C KGV: spinal pain vs. Sensitivity and 0.93, 0.69 5
control Specificity s
PILE-C KGV: spinal pain vs. Wilcoxon Sign Ranked  p=0.008 %igniﬁcant
control Test 2
PILE-C KGV: High vs. low pain Mann-Whitney U p=0.003 Significant
intensity =
PILE-C KGV: High vs. low Pain Mann-Whitney U p=0.005 gigniﬁcant
behavior 3
PILE-C KGV: High vs. low Mann-Whitney U p=0.154 Non-significant
perceived exertion -
PILE-C Sensitivity to Change Effect Size Subjects improving: ‘-iow — Moderate
0.39-0.73 5
Subjects deteriorating: 0 Negligible — Low
- 0.4 2z
PILE-L Inter-rater Reliability Mean Difference -0.11 =
LoA -2.33 and 2.11 N
PILE-L Intra-rater Reliability Repeatability M=4.0; F=3.59 §
% of Range M=10.7%; F=18.5% g
PILE-L Convergent Validity Spearman Correlation CR-10: Unreported Eow
Borg RPE: Unreported § ow
PILE-L KGV: spinal pain vs no  Sensitivity and 0.85, 0.65 3
spinal pain Specificity g
PILE-L KGV: spinal pain vs Wilcoxon Sign Ranked  p=0.002 gigniﬁcant
control Test E
(@]
3 35
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PILE-L KGV: High vs. low pain Mann-Whitney U p=0.001 1gn1ﬁcant
intensity
PILE-L KGV: High vs. low pain Mann-Whitney U p<0.001 1gn1ﬁcant
behaviour
PILE-L KGV: High vs. low Mann-Whitney U p<0.001 g ignificant
perceived exertion g
PILE-L Sensitivity to change Effect Size Subjects improving: Negligible — Strong
0.02-1.08 N
Subjects deteriorating & eak — Strong
0.42-0.81 S
2 x20m WWB Inter-rater Reliability Mean Difference 0.05 §
LoA -1.33 and 1.43 2
o
2 x20m WWB Intra-rater Reliability Repeatability 3.2 g
% of Range 10.7% z
2x20m WWB Convergent Validity Spearman Correlation CR-10: Unreported Moderate
Borg RPE: Unreported Jow
2x20m WWB KGV: spinal pain vs Wilcoxon Sign Ranked  p=0.014 Significant
control Test =
2x20m WWB KGV: High vs. low pain Mann Whitney U p<0.001 Slgniﬁcant
intensity S
2x20m WWB KGV: High vs. low pain Mann Whitney U p<0.001 Significant
behaviour P
2x20m WWB KGV: High vs. low Mann Whitney U p<0.001 Significant
perceived exertion N
2 x20m WWB Sensitivity to change Effect Size Subjects improving: @Veak — Moderate

0.38-0.78
Subjects deteriorating:
0.13-0.62

O
<
%Iegligible — Moderate

(/)

PILE-C, Progressive Iso-intertial Lifting Evaluation — Cervical; PILE-L, Progressive Iso-intertial Lifting Eva'a':hatlon Lumbar; LoA,
Limits of Agreement; SD, Standard Deviation; M, Male; F, Female; RPE, Rating of perceived exertion; KG\@, Known-groups
Validity; Neg., Negligible; Mod., Moderate, *CR-10: Measurement of pain construct
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Figure 1. Selection of the studies for inclusion in the systematic review
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1 R
2 o
3 APPENDICES 2
: X
Z APPENDIX A. Data extraction guide for studies evaluating the quality of studies evaluating the cIinﬁaI measurement
7 properties of outcome measures N
8 5
9 Instructions o
10 Clinical measurement studies may evaluate a wide spectrum of measurement properties; or evaluatéaspects that relate to
n the implementability or interpretation of outcome measures. Individual clinical measurement studies cannot@ddress every aspect of
12 the measurement properties of an instrument. Ideally systematic reviews will synthesize the quality and congent of research
13 evidence addressing the clinical measurement properties of individual outcome measures. The summative knowledge about the
14 measurement properties, cultural transferability, and utility across different contexts provides the scope of m@;rmatlon needed to
12 select an outcome measure for a specific patient (population), purpose and context. 8
Q.
1; This guide should facilitate extraction of data from individual clinical measurement studies. An explanation (% the measurement
19 property addressed in each item and how it might be measured within a given study is listed to facilitate find#g and extracting that
20 information. The accompanying extraction form can then be used to collect the specific information on thesqmeasurements or utility
2 properties from specific studies. 2
o
;g The purpose of data extraction is to extract the specific information reported by authors within a study, not tc%’evaluate the validity or
24 value of that piece of information. Evaluation of the quality of the published version of the clinical measurem@nt study (also called
25 critical appraisal) is performed in a separate step. See the accompanying critical appraisal tool and guide. Eis advisable to extract
26 detailed specific information from the study; recognizing that this information may later be synthesized or su@iect to meta-analysis.
27 3
28 There is no standardized process for synthesizing clinical measurement information. Based on the findings &f extraction you may
29 elect to present the synthesize data in a descriptive way by creating a summary table of the data extracted i each category. If you
30 find some studies with similar designs, you may be able to conduct a meta-analysis of some properties like E{inically important
31 difference (CID) or minimal detectable change (MDC); if appropriate given the sample and technique - this can be valuable as it may
gg provide more stable estimates of these important properties. S
N
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Population

A description of the study population

Sample size, pathology/d|sorderzolemograph|cs setting,
acute vs. chronic, where subjectgwere chosen from.
Report meaningful demographlc:%and indicators of the
population studied. z

Intervention

Interventions (if applicable) applied during
longitudinal studies

Description of the nature, frequeﬁi:y, intensity of the
intervention and the follow-up int&rval.

Reliability

BPLOJUMO(

Reliability
Description

The extent to which the same results are
obtained on repeated administrations of the
same measure when no change in status has
occurred (reliability) or the precision of the scores
on repeated measurements (agreement).

Test procedures or measures are;typlcally reapplied on
repeated occasions in |nd|V|duaI§conS|dered to have a
stable condition during that time frame which repeated
testing occurs. Repeated testlnginay be performed on
different occasions (test-retest) f@r self-report measures,
OR by the same rater (intra-rateig or different raters
(inter-rater) if it is an observer-bdsed scale. In some
cases different test instruments (@ter-instrument) are
evaluated. The most common st@t'istic used is the
intraclass correlation coefficient f§r quantitative data
(Shrout & Fleiss, 1979) and kapga(Landis & Koch, 1977)
for nominal data. Standard error&f measurement is used
to present a quantitative estimaté;‘of the reliability—in the
original units of measure. Report“the type of reliability
evaluated and coefficients obtalr@d

Reliability (relative)

The relationship (ratio) between variability in test
scores when repeating the test on the same
person in comparison to the overall variability
(including variation between people)—typically
indicated by a reliability coefficient

ICCs (Shrout & Fleiss, 1979) or dhother reliability
coefficient and their associated @nfldence intervals are
extracted.

Reliability
(absolute)

Absolute reliability is portrayed as the quantity of
error that could be anticipated upon repeated
testing - reported in the original units of measure.

109)J0.1d ‘1san

This may be reported as
1. Standard error of measureme#k (in older articles you
may see coefficient of variation):g

1ybuAdod
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2. Altman and Bland graphical te§hnique (Bland &
Altman, 1990; Bland & Altman, 1887; Bland & Altman,
1986) where the difference on rébeated tests for each
individual (limits of agreement) |s,\plotted versus their
mean score. The mean differencd and the boundaries of
2SD are shown to define the limi& of agreement.

Minimum
Detectable Change

Calculated from the reliability coefficient and the

Extract the number and level of @nfidence.

level of confidence specified for error margins. 2
This indicator reflects the amount of change §
required before you can be confident that change ©
exceeds the random error that occurs in stable 5
patients. §
2

Content/structural validity 8

o

jun ]

Internal
consistency

The extent to which items on a test or subscale
are related (an indication of the consistency of
the concept measured).

Cronbach’s alpha is the inter-iterg correlation usually
reported. Report alpha and whetﬁer it relates to the
entire instrument or specific subsales.

Content Validity

The extent to which the conceptual domain or
construct that a test is designed to measure is
adequately reflected by the items in the measure.
In assessing content validity, it is important to
consider the population to whom the measure
applies, the completeness of the content, the
relevancy and emphasis of the content
assessed.

A variety of techniques can be used to assess the extent
to which items on a given meastue reflected the
necessary content to capture theSconcept of interest.
Some of the techniques you willﬁ'nd are listed. Extract
what was done to determine con@nt validity and what
was found. S

1) Patients and experts were invgved during item
selection/reduction - report howfhey were used and key
decisions

2) Patients were consulted for regdlng and
comprehension - report key findifigs

3) Cognitive interviews (Cibelli, 1994; Ojanen & Gogates,
2006) were done with patients tom%etermine how items
were interpreted by respondents%their perceptions of the
items - report key findings S

4) Expert panels or Delphi proceﬁures were used to
select items or evaluate the vallcﬁy of the instrument -
report key findings and decisions?

1ybuAdoa
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5) During translation specific stu@/, the meaning of the
guestions to another cultural or I&hguage group was
studied - report key findings and gecisions

6) ICF linking (Cieza et al., 2002)or other coding of
content was performed - report tl*;e results which may
include the distribution of contengacross ICF domains, or
the distribution of specific codes 3

Floor-Ceiling
Effects

The measure is unable to indicate a worsening
score in patients who have clinically deteriorated
and/or an improved score in patients who have
clinically improved

There are a variety of potential n%thods; so the method
and conclusion should be report@l. Descriptive statistics
of the distribution of scores that Ray be presented
graphically or numerically may b& used to indicate this.
Other studies report the percentai;e of patients sustained
a floor or ceiling effect defined b@the number of people
who fall in the extremes ranges. 8lote different studies
may define the extreme ranges fgr floor/ceiling
differently, so extract how it was @efined and % of
patients who obtained floor or cegling category scores.

Factorial validity

The extent to which factor analysis supports
assumptions surrounding constructs measured
as defined by the measure or as indicated by
subscale structure

Factor analysis may be reporteda&s raw results; or
compared to the inherent structu% of the instrument or
factor analysis upon which its co@struction was based.
Report the type of factor analysissperformed (exploratory
or confirmatory), rotations used gnhd the number of
factors derived; specify whether this confirms the
expected instrument structure ordriginal factor structure.

Item response
/Rasch Analyses

The extent to which items cross a range of

difficulty, or a spectrum of the concept measured.

The measurement scaling of the items.

Using item response theory or Rasch analysis, items are
fit to a model to demonstrate intezval scaling and
determine item difficulty (Pallant & Tennant, 2007).
Analyses might address item diffigulty, person's ability
curves, and comparison of abilityNestimation. Most
commonly, the item difficulty and®he composition of the
test that fulfills interval scaling ar“§ defined. Data to be
extracted include information on #he scaling of the items,
whether the interval scaling has Been established; and
the presence or absence of diffefential item functioning

1ybuAdoo Ag par:
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3
1 o
2 ©
3 (DIF), where items perform differ: §ntly on different types
4 of respondents. N
5 (Y]
6 S
7 R
8 5
9 3
10 Construct Validity E
11 Construct Validity - | Constructs are artificial frameworks that are not When extracting data about corr%atlonal validity, the
12 correlational directly observable. Construct validity assesses pre-constructed hypothesis and \ﬁhether it is supported
13 the extent to which measures perform according | should be documented. For corr; Slational construct
14 to a priori defined constructs. Construct validity | validity, this will be the nature ang strength of the
15 can be cross-sectional or longitudinal prespecified relationship and thezorrelations that
16 (predictive). support that. Relation to other uﬁilces/constructs that
17 Constructed hypotheses can assess convergent | are similar (convergent) or dlfferemt (divergent) can be
B validity where measures are thought to represent | reported. ldeally, hypotheses arg formulated/reported
20 similar constructs or divergent validity where itis | and supported by correlations that are in accordance
51 assumed they measure different constructs. with the hypotheses. Note that there is no consistent
2 agreement on what subjective tegn should be applied to
23 For cross-cultural validation, the expected validity correlations.
24 relationships are those that have been reported Note that there is no consistent a_greement on what
25 in validation of the instrument in its original subjective term should be appllegto validity correlations.
26 language/format. Some authors use subjective termlnology defined for
27 reliability such as: strong (>0. 70)aand moderate (0.40-
28 0.70) correlations; others use thescorrelations like effect
29 size benchmarks that 0.4 indicatgs a moderate effect
30 and 0.6 a large effect. For valldl’s“f,l assessment is more
31 important than correlations prespeufled constructed
32 hypotheses, although not all pap@rs are written clearly
33 with respect to this. R
34 Convergent The Relationship between similar scales/tests. Extract test names, prespecifiedﬁxpected relationship
35 Correlations are generally expected to be and correlations observed. 5
36 moderate to strong if the relationship is one &
;73 V\{hgre there is confidence that they measure a g
39 similar construct. 3
40 Divergent Divergent validity assesses the extent to which Extract test names, prespecified &xpected relationship
41 different scales/tests that are designed to and correlations observed. %
42 §
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measure different constructs demonstrate that
they are different by a lack of correlation between
them.
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Construct validity -
known groups

Known groups analysis supports the validity of a
measure by demonstrating that the measurement
is able to differentiate between groups that are
prespecified and known to be different on the
construct being assessed.

Data extraction should include thg nature of the
subgroups and the size of the diiference observed
between them (and its statistical%ignificance). Typically,
statistical tests of difference are gerformed.

]

Since known groups analysis caﬂa}’provide data that is
useful in clinical practice as benchmarks for comparing
these known groups, it is a moregpractical form of
construct validity than correlatiorial. Data
extraction/presentation should reﬁect this by presenting
the group central tendency, their@nargins and statistical
significance in an accessible magher.

Longitudinal
Validity

This form of validity supports the validity of a
measure by demonstrating that the change that
occurs over time onto similar instruments is
correlated in a manner consistent with the nature
of the relationship between the scales. lItis
measured over a retest interval when clinically
relevant change could be expected.

Extract test names and correlaticﬁns

Note: since longitudinal validity |s§based on four
measures (pre-and post-test on @vo different measures),
and since error tends to mltlgateﬁhe strength of
correlations, strong longitudinal eﬁrrelatlons can be
difficult to obtain.

Criterion validity
Description

Criterion validation is determined by comparing a
given outcome measure to an accepted standard
of measure. For subjective constructs like pain
and disability, it can be argued that there is no
criterion since there is no external gold standard.
Therefore, for self-report measures, validation
focuses on construct validity.

For performance measures, it is common to have
a criterion measure that is considered to be
highly precise and rigorous as the criterion
comparator.

Authors will state that their meas%re is being compared
against a specific instrument andareport the correlation or
agreement between the measur% Extract the test
names and results: correlations ex other as reported.

pal0.d 1senb Aq ¥20Z ‘6T

Concurrent criterion

Concurrent validity is assessed by comparing a
scale and its criterion at a single point in time

Extract the test names and corregtions.

1ybuAdoo Kq

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 44 of 55


http://bmjopen.bmj.com/

(€3
»
Page 45 of 55 BMJ Open g
E
3
1 o
2 o
3 Predictive criterion | Predictive validity is evaluated by determining the | Extract the test names and corre@tions and time interval.
4 extent to which the results of administering an (and important cutoffs if those wéte
Z outcome measure at one point in time can established/reported), if diagnostit test methodology was
- accurately predict a future status or outcome. used to examine prediction, and %ensmwty specificity
8 and other diagnostic criteria were Sreported, they should
9 be extracted. %
10 s
iy . - N
12 Responsiveness/Clinical Change Q
13 Responsiveness Does the instrument detect changes over time Extract indicators of responsivengss include: effect size,
14 that matters to patients? standard response mean and th&method for assessing
15 whether patients were improved, %table or worse.
16 (Beaton, 2000) 2
1; Clinically Important | CID is the difference in scores that patients find Extract the MID or CID and note 31e method/cut-off used
19 Difference (CID) to be observable and clinically important. It is to define importance. Extract hogl the clinically important
20 assessed by comparing scores to an external differences were framed to respandents; or determined.
2 benchmark of clinical relevance such as a global | For example, minimal, moderateg extreme improvement
2 rating of change or some other method. The or better/not better, etc. g
23 terminology used to rate the nature of this g
24 difference will affect the estimation process. 3
25 Differences in methods include how clinically g
26 importance is framed and the metrics/process by 78
27 which that is determined. 3
28 S
29 2z
30 f:
31 ©
32 >
33 R
34 g
35 E
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APPENDIX B. Data extraction form for studies evaluating the clinical measurement properties of ogtcome measures
<

Authors: Year: Rater:

6T0Z Jpaua

Instructions
When using the data extraction form, it is important to realize that the purpose of data extraction ig to remove or extract
the specific information reported by authors within a study, not to evaluate the validity or value of tH&t piece of information.
To make data extraction as useful as possible, and to avoid the need for repeated data extractiong)c’L it is advisable to read
the accompanying guide and then be as specific as possible when extracting infor@:ation.

o

3

=

©

DATA EXTRACTED S

Population studied 3

Population ?‘%
o

3

8

3

Intervention S
z

Reliability =2

Reliability IS
(relative) R
Reliability <
(absolute) 5
Minimum 5
Detectable 3
Change §
Content/structural validity =

P

2

5.

=

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 47 of 55

oNOYTULT D WN =

BMJ Open

Internal
consistency

Content Validity

Floor-Ceiling
Effects

Factorial validity

Item response
/Rasch
Analyses

Construct/Criterion Validity

Known groups

Convergent

Divergent

Longitudinal
Validity

Concurrent
criterion

Predictive
criterion

Responsiveness/Clinical Change
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Minimally
Clinical
Important
Difference
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2 ©
3 3
4 N
5 N
° S
7 APPENDIX C. Quality Appraisal for Clinical Measurement Research Reports Evaluation Form N
8 5
9 Rater (Group) 2
1(1) Author(s) (Study Author(s) o
12 Year (Year of publication) S
13 g
14 1. Was the relevant background work cited to define what is currently known about the measurement
12 properties of measures under study, and the potential contributions of the current resgarch question to
- informing that knowledge base? 8
o
18 2 3
19 1 3
20 0 Z
21 2. Were appropriate inclusion/exclusion criteria defined? * >
22 2 2
23 kS
24 1 >
25 0 El
26 3. Were specific clinical measurement questions/hypotheses identified? 8
27 2 3
28 S
1 S
>
0 0
31 4. Was an appropriate scope of measurement properties considered? o
32 2 S
33 1 R
34 0 g
«Q
22 5. Was an appropriate sample size used? &
37 2 o
38 1 %
39 0 &
2(1) 6. Was appropriate retention/follow-up obtained? (for studies involving retesting; o@herwise n/a)
42 é
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44 =y
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Sormwm

7. Were specific descriptions provided of the measure under study and the methog(s) used to administer
it?
2
1
0

Z
5
3
8
X
8. Were standardized procedures used to administer all study measures in a manreer that minimized
potential sources of error/bias (including the study measure and its comparators)? §
2 o)
1 3
y S
9. Were analyses conducted for each specific hypothesis or purpose? =
2 g
1 5
0 2
10. Were appropriate statistical tests performed to obtain point estimates of the mgasurement

properties? §
2 8
1 s
0 >

11. Were appropriate ancillary analyses done to quantify the confidence in the estinates of the clinical
measurement property (Precision/Confidence intervals; benchmark comparisons/ROC curves, alternate forms of

analysis like SEM/MID, etc.)? S
2 R
1 g
0

12. Were clear, specific and accurate conclusions made about the clinical measurgment properties; that
were associated with appropriate clinical measurement recommendations and supported by%he study objectives,

analysis and results?
2

1ybuAdoa Aq palo
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1 N
o
2 o
3 o
: :
5 N
6 Subtotals (of column 1 and 2) Total Score (sum of subtotals/24*100) S
7 R
?o APPENDIX D. Description of each performance battery from selected articles g
o
1 =
12 Battery Description of Tasks g
13
14 Relevant FCE Material Handling Tasks: All lifting tests were executed with a wooden cra§ (40 x 30 % 26 cm)
15 Subtaskszsazszrazwn of 2.5 kg, and four to five weight increments of 2.5 kg or 5 kg each were uged until the maximum
1? amount of weight was reached. Maximum performance was recorded in k§.
18 Lifting floor to waist: Measured after five lifts of crate from floor to table ar?d vice versa (time
;g limit < 90 s): hands remained on the crate during the test. Increase Welght:m 4-5 steps until
py maximum is reached g
o
;g Overhead lift test: Five lifts from waist to crown height and vice versa withgn 90 s in standing
4 position. Increase weight in 4-5 steps until maximum is reached ?;r;
o
2 Two-handed carrying: Carrying of a crate for a short distance measured after five carries of 1.5
;? m distance at waist height. Hands remain on the crate during the test. S
28 One-handed carrying: Carrying wooden crate for 15 m within 90 s beginni ﬁg with the right hand
;g and thereafter the left hand. g
31 Overhead working: Standing with hands at crown height for manipulation 'd'gf nuts and bolts. The
gg time that the position was held is recorded (sec). S
34 Repetitive reaching: fast horizontal movements of the upper extremity in agsitting position.
22 Marbles are removed from bowls at arm length distance at table height fro%n left to right and vice
37 versa, with right and then left arm. The time taken to remove 30 marbles @recorded (sec).
38 Overhead lift test: Five lifts from waist to crown height and vice versa wﬂl‘@h 90 s in standing
ig position. Increase weight in 4-5 steps until maximum is reached g
41 s
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Repetitive bending and overhead reaching: 20 marbles in 2 bowls at table'}:helght and crown
height. Standing in front of bowl of marbles and moving the marbles as fa§t as possible from
table height to crown height.

APN 72

A Physiotherapy
Test Packagessssss

PILE Tests: “The lifting tests were performed standing in front of bookshefves with shelves at
0.76m and 1.37 m from the floor. Subjects were asked to lift weights in a pﬁastic box from floor
to waist level (0—0.76 m) for the lumbar PILE test, or from waist to shouldﬁ height (0.76-1.37
m) for the cervical PILE test. The initial weight was 3.6 kg for women and 5.9 kg for men. A
‘lifting movement’ involved a single transfer from one level to the next andg)ack again. After
every four such lifting movements (= 20 s), the weight was increased by 225 kg for women and
4.5 kg for men. The weight managed during the last lifting movement wasZecorded and used as
a test result, as well as this maximum weight divided by the ‘adjusted we@]t’”

E
2x20m WWB: “Subjects were asked to walk 20 m at a comfortable speed%long a corridor, to
turn around where 20 m was marked and then to walk 20 m back to the stgrtlng point. In the first
walking test they carried no extra weight, but in the second they carried o carrier bag in each
hand, containing 4 kg each for the women, 8 kg each for the men. The tinie taken was recorded

to get the walking speed. The tests were discontinued after 50 s”. 3

BTEWS Il “The protocol consisted of performing a series of shoulder functional task%before and after a
fatiguing activity. Functional tasks consisted of active shoulder range of mgtion (ROM) in both
flexion and abduction and cumulative power output (PO) accumulated ovens 10s during a
repetitive pushing/pulling task in a horizontal plane at shoulder level”. f:

FIT - HaNSA= “The FIT-HaNSA protocol consists of three timed tasks and each task is pﬁrformed for a

maximum of 300 seconds (s) with approximately 30 s pause between therg (set-up time for next
task). Task 1 (waist-up) requires the patient to alternately “grab, lift, move@nd place” three 1000
g containers located on waist level and 25 cm above waist level shelves, @sing their affected
arm, at a metronome pace of 60 beats per minute for 300 s or until they fel unable to continue.
The time to complete Task 1 is measured using a stopwatch. Task 2 (eye-giown) is identical to
Task 1 except that the two shelves are placed at eye-level and 25 cm beld@wv. Task 3 (overhead
work) requires a patient to repeatedly screw and unscrew bolts in a sagitta} plane oriented plate

"1ybuAdoo|A
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2 o
3 -, - - IO
4 positioned at eye-level using both arms”. More complete description at htﬁs://srs-
5 mcmaster.ca/wp-content/uploads/2015/04/FIT-HaNSAProtocol April2007§)df
6 S
7 R
8 g
9 s
10 s
1 "
12 =
13 ©
14 §
15 =1
16 2
17 o
18 3
19 i
20 g
21 g
o
22 3
23 SD
24 g
25 3
26 8
27 3
28 S
29 Z
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1
2
3
4
4 Section/topic # Checklist item FEEIEE
6 on page #
7| TITLE R
2 Title 1 | Identify the report as a systematic review, meta-analysis, or both. g 1
3
10 ABSTRACT g
1
13 Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data source$} study eligibility criteria, | 1
13 participants, and interventions; study appraisal and synthesis methods; results; limitations; cnclusions and
1; implications of key findings; systematic review registration number. o
d =
13 INTRODUCTION =
1
1 Rationale Describe the rationale for the review in the context of what is already known. § 2
o
18 Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, inf§rventions, comparisons, | 3
19 outcomes, and study design (PICOS). :3T
2( =3
51 METHODS g
22 Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), ancé if available, provide 3
23 registration information including registration number. -(%’D
2 o . >
2 Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e. %r years considered, 4
2' language, publication status) used as criteria for eligibility, giving rationale. ;-
27 Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study "a‘uthors to identify 4
24 additional studies) in the search and date last searched. S
;Z Search 8 | Present full electronic search strategy for at least one database, including any limits used, sEEch that it could be 3-4
repeated. =
3 ©
32 Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic rew@v and, if applicable, 3-4
33 included in the meta-analysis). N
3f Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in dupliéte) and any processes 4
gf for obtaining and confirming data from investigators. 5
37 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and einy assumptions and 4
34 simplifications made. S
39 Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specificauoiof whether this was 5
2( studies done at the study or outcome level), and how this information is to be used in any data syntbg,sis.
42 Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). é NA
i Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including m:jéasures of consistency NA
4 2 _ . =4
45 (e.g., Pfor Egrcgergrertgv%r\}\?g/rﬁl\% http://bmjopen.bmj.com/site/about/guidelines.xhtml
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. @&  PRISMA 2009 Checklist
2 ©
3 3
4 Page 1 of 2
5
i Section/topic Checklist item R
on page #
7
8| Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publlcaaon bias, selective NA
9 reporting within studies). g
10 Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- regreélon) if done, indicating | NA
11 which were pre-specified. X
11
13 RESULTS ©
14 Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with réasons for exclusions at | -7
13 each stage, ideally with a flow diagram. 3
1 -4
1E Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PIC(};S, follow-up period) and | -7
14 provide the citations. =
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Abstract
Objectives: The purpose of this systematic review is to identify and synthesize studies evaluating
performance-based outcome measures designed to evaluate the functional abilities of patients with
neck pain.
Design: Systematic review
Data Sources: A literature search using PubMed, Scopus, CINAHL, EMBASE, COCHRANE,
Google Scholar, and a citation mapping strategy was conducted till July 2019
Eligibility criteria: More than half of the study’s patient population had neck pain or a
musculoskeletal neck disorder and completed a functional-based test. Clinimetric properties of at
least one performance-based functional tests were reported. Both traumatic and non-traumatic
origins of neck pain were considered.
Data extraction and synthesis: Relevant data were then extracted from selected articles using an
extraction guide. Selected articles were appraised the Quality Appraisal for Clinical Measurement
Research Reports Evaluation Form (QACMRR).
Results: The search obtained 12 articles which reported on 4 outcome measures (Functional
Capacity Evaluations (FCE), Baltimore Therapeutic Equipment Work Simulator IT (BTEWS 1I),
Functional Impairment Test- Hand and Neck/Shoulder/Arm (FIT-HaNSA)) reporting to assess the
functional abilities in patients with mechanical neck pathology. Of the selected papers: 1 reports
content validity, 5 construct validity, 4 reliability, 1 sensitivity to change, and 1 both reliability
and construct validity. QACMRR scores ranged from 68% to 95%.

Conclusions: This review found very good quality evidence that the FIT-HaNSA has
excellent inter and intra-rater reliability and very weak to weak convergent validity. Excellent

quality evidence of fair test-retest reliability, weak convergent validity, and very weak known
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groups validity for the BTEWS Il test was found. Good to excellent quality evidence exists that an
FCE battery has poor to excellent reliability and very weak to strong validity. Good to excellent
quality of weak to strong validity and trivial to strong effect sizes were found for a physiotherapy
test package.

Prospero registration: CRD42018112358

Strengths and limitations of this study
e The psychometric properties of performance outcome measures for neck pain were
synthesized and critically appraised
o This study assessed the risk of bias and the quality of measurements properties

e The feasibility or usability of these tools was not assessed

Introduction

Neck pain has been associated with high disability and is regarded as a substantial societal
burden.[1] Approximately 70% of people experience neck pain within their lifetime and about 33%
of adults experience neck pain every year.[2,3] Further concern is warranted as it has been
suggested that the incidence of neck pain is increasing.[4—6] The economic burden due to neck
disorders is high, including lost wages, costs of treatment, and compensation expenditures to
injured people.[7,8] Neck pain is second only to low back pain in annual workers’ compensation
costs in the United States and has been associated with many other comorbidities such as

headaches, anxiety, depression, back pain and arthralgias.[6,9,10]
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Outcome measures are a crucial component in monitoring patients with neck pain to
determine the effects of treatment[11,12], evaluation of interventions, guiding return to work, and
justifying treatment.[13,14] Several self-reported outcome measures currently exist to assess
disability and function in those with neck pain (e.g. the Neck Disability Index - NDI). [13]
Evidence-based clinical practice guidelines suggest that measures assessing physical performance
should also be used for people with neck pain.[15] Performance-based testing is where the
assessment is based on actual performance of a task or activity. Physical performance can be
assessed by testing a person’s ability to execute a standardized activity in a standardized
environment (i.e. clinical setting).[16] Time to complete the activity, number of repetitions
performed, and weight lifted are frequently used to quantify the physical performance.[17]
Conversely, self-report measures examine patients’ perception and experience of their ability to
perform functional tasks. [16] Previous research has demonstrated poor to fair relationships
between physical performance and self-report measures of ability in patients with various
musculoskeletal disorders suggesting that these measures assess different constructs of function.
[17,18] Consequently, physical performance tests and self-report measures complement each other
and may each contribute unique information about a patient’s function. [19]

A fundamental component of monitoring outcomes is having reliable and valid tools with
known measurement properties.[20,21] While recent research has investigated the psychometric
properties of patient-reported outcomes in people with neck pain [21,22] there is a gap in
knowledge with respect to performance-based functional outcomes. The purpose of this systematic
review was to identify and synthesize clinical measurement studies that evaluate measurement

properties of performance-based functional tests in patients with neck disorders.
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METHODS
Patient and Public Involvement

There was no patient or public involvement in the design or planning of this study.

Study Design and Protocol Registration
We conducted a systematic review to evaluate the psychometric properties of performance-
based functional tests for people with mechanical neck disorders. The protocol was registered in

PROSPERO register with registration number CRD42018112358.

Search Strategy

A database search using CINAHL, PubMed, Scopus and Google Scholar was performed
to identify articles published till July 2019. The following search strategy was used to search all
databases for eligible studies: (Reliability OR validity OR responsiveness OR calibration OR
validation) OR (minimal detectable change) OR (clinically important difference) OR
(psychometric properties) AND cervical OR neck OR c-spine AND (performance measure) OR
(functional test) OR (functional outcome) OR (performance outcome). MeSH terms were searched
in PubMed. A citation map of articles and systematic reviews selected for the full-text review was
performed. This strategy was included to minimize the risk of publication bias. The full search
strategy is summarized in APPENDIX 1. The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) process[23] was followed to ensure all appropriate steps were taken

in the selection process (FIGURE 1).

Inclusion Criteria
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Articles were included in the final review if all of the following criteria were met:
e >50% of the study’s patient population had neck pain or a musculoskeletal neck disorder
(e.g. whiplash associated disorder (WAD 1))
e Patients in the study completed a functional-based test
e Clinometric properties of at least one performance-based test were reported.
A test was considered functional-based if it met the following criteria:
e assessment of a patient’s ability to execute a standardized activity in a standardized
environment
e tests assessing muscular endurance (e.g. cervical flexion test) or proprioception were not
deemed functional-based as they are often not reflective of physical working conditions.
Both traumatic and non-traumatic origins of neck pain were considered. Definitions for the

properties can be found in APPENDIX A.

Article Selection

Titles and abstracts generated by the search strategy were screened by two authors (SM
and PB) independently. Articles that met the inclusion criteria and selected for a full text review
were also reviewed in pairs of authors. Disagreements were resolved by the most experienced

author (JCM)

Data Extraction
Data extraction and critical appraisal was performed in pairs of two raters among the authors, after
the completion of a calibration session in which the most experienced author (JCM) reviewed the

data extraction tools with the authors that performed the data extraction. When reviewers disagreed
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during data extraction and/or critical appraisal, and consensus could not be met, a third author
arbitrated. A data extraction form [24] (APPENDIX A and APPENDIX B), developed by one of
the authors (JCM.), was used to ensure systematicity. Authors extracted sample size, patient
population characteristics, functional tests performed and reported psychometric properties. The
ICC interpretation of ICC <0.40 indicating poor, 0.40 <ICC <0.75 indicating fair-to-good and
ICC>0.75 indicating excellent reliability were used as a common benchmark. For validity
estimates, correlation coefficient (Pearson’s/Spearman) and the 95% confidence intervals were
extracted if were available. [24,25] Evan’s guidelines to interpret the strength of the correlation
was used which included: 0.00-0.19 “very weak”, 0.20-0.39 “weak”, 0.40—0.59 “moderate”,
0.60-0.79 “strong”, and 0.80—1.00 “very strong”. To assist clinical decision making, standard
benchmark scores of trivial (< 0.20), small (> 0.20 to < 0.50), moderate (> 0.50 to < 0.80) or large

(> 0.80), as proposed by Cohen, were used. [26]

Quality Appraisal for Clinical Measurement Research Reports Evaluation Form

Pairs of authors critically appraised the quality of each study using a standardized 12-item
evaluation tool (QACMRR) designed to assess the quality of studies determining measurement
properties in outcome measures (APPENDIX C). If disagreement was present a third person (JM)
assist in resolving the discrepancy. [24] This tool has been found to have good to excellent pre-
consensus inter-rater reliability (ICC: 0.69-0.91) across a number of systematic reviews.[24,25,27]
The evaluation criteria of this tool included twelve items: 1) Thorough literature review to define
the research question; 2) Specific inclusion/exclusion criteria; 3) Specific hypotheses; 4)

Appropriate scope of psychometric properties; 5) Sample size; 6) Follow-up; 7) The authors
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referenced specific procedures for administration, scoring, and interpretation of procedures; 8)
Measurement techniques were standardized; 9) Data were presented for each hypothesis; 10)
Appropriate statistics-point estimates; 11) Appropriate statistical error estimates; and 12) Valid
conclusions and recommendations. [24,25] Each item is scored from 0 to 2 with (score=2) is the
best; (score=1) is acceptable but suboptimal; (score=0) is not done/documented, substantially
inadequate or inappropriate. An article’s total score — quality - was calculated by the sum of scores
for each item, divided by the numbers of items and multiplied by 100%. [24,25] Overall, the quality
summary of appraised articles ranges from (0%-30%) Poor, (31%-50%) Fair, (51%-70%) Good,

(71%-90%) Very Good, and (>90%) Excellent

RESULTS

The search strategy resulted in 840 published articles. After duplications were removed, 31
articles were deemed relevant and were screened at full text. Overall, 12 articles met our inclusion
criteria (FIGURE 1). The excluded articles were removed due to inappropriate patient
populations, investigations into self-report measures or tests assessing proprioception/muscular
endurance rather than functional-based measures, or because the articles were found to be
systematic reviews. The characteristics of the included studies and the summary of psychometric
properties are presented in TABLE 1. The quality assessment is summarized and presented in

TABLE 2. Percent agreement was calculated for quality scores between the 2 raters and it was

90%.

Participants
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Participants in the selected articles had various types of neck pain including subacute,
chronic, and whiplash-associated disorder. The mean/median age of the samples of each study
ranged from 30-48 years of age. The proportion of females in each article ranged from 34-78% of
the study population. Two studies that had a mixed sample of subjects with various spinal pain did
not report the demographics of the neck pain portion of their sample. One study did not contain
any subjects and performed a review of epidemiological literature to establish content validity for

work-related neck disorders TABLE 1.

Functional-Based Tests

The 12 articles that were included for review provided properties on the following
functional based tests: Functional Capacity Evaluations (FCE)[28-33], The Baltimore Therapeutic
Equipment Work Simulator II (BTEWS II) [34], Functional Impairment Test- Hand and
Neck/Shoulder/Arm (FIT-HaNSA) [35], as well as items off of a physiotherapy test package
including a cervical and lumbar Progressive Isoinertial Lifting Evaluation (PILE-C, PILE-L) test
[36-39] and 2 x 20 m with burden walking test (2x20M-WWB) [36-39]. Descriptions of all

functional-based tests and their relevant subtasks are provided in APPENDIX D.

Functional Capacity Evaluations (FCE)

Six articles reported measurement properties for an FCE battery. We identified multiple
versions of the FCE in the literature with one article reporting properties on the Workwell FCE
[29], two reporting on the Whiplash Associated Disorder (WAD) FCE [28,30] and three reporting

on the neck-FCE.[31-33] These test batteries include various combinations of muscular strength,

10
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endurance and functional based tests. The measurement properties of the functional based tests

used by the FCE are outlined in TABLE 3.

Individuals with Sub-acute to chronic WAD

Trippolini et al. (2014)[29] evaluated the Workwell FCE test-retest reliability,
measurement error, convergent validity and predictive criterion validity of future work capacity in
workers diagnosed with WAD I or II. Interclass Correlation Coefficients (ICC) ranged from 0.66
to 0.96 (good to excellent). Limits of agreement relative to mean performance ranged from 21 to
57% for functional based sub-tests. Correlations between FCE sub scores and baseline work
capacity were very weak to weak ranging between r=0.06 and r=0.39. FCE sub scores did not
predict future work capacity at 1, 3, 6 and 12 months.

Trippolini et al. (2015)[28] assessed the WAD FCE (31) and evaluated convergent validity
and known-groups validity. FCE subscales showed very weak to strong correlations (0.15-0.68)
with each of: pain, self-reported functional ability, self-reported disability, anxiety and depression.
It was found that the FCE had known-group sex validity (males vs females) for 1 of 3 functional
subtests (lifting waist-overhead) and reported significant performance differences between culture

groups (German vs non-German language groups).

Work-Related Neck Disorders

Reesink et al. (2007)[33] developed an independent FCE for patients with musculoskeletal
neck disorders (neck FCE). They performed a review of epidemiological literature and identified
four physical risk factors for work-related neck disorders and used that information to develop an

FCE consisting of eight functional-based tests. Content validity was established by following
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operational definitions of the risk factors when searching the literature and using current literature

to provide a rationale to guide their development of the tasks comprising the FCE.

Chronic Neck Pain

Reneman et al. (2017)[31] measured test-retest reliability of the subscales of the neck FCE
in patients with multifactorial neck pain. Test-retest ICC’s ranged from poor to excellent (0.39-
0.96). Limits of agreement relative to mean performance range from 32.0% to 56.5% for functional
based sub tests. Convergent validity was performed against the Neck Disability Index (NDI) items
and total score.[32] The authors found weak to strong Pearson correlations (0.39-0.70) for the FCE

sub scores to both NDI individual items and the NDI total score.

The Baltimore Therapeutic Equipment Work Simulator II (BTEWS II)
Chronic Neck Pain

Lomond and Coété, (2011)[34] reported on the reliability, measurement error, minimum
detectable change (MDC) and validity of the power output (PO) task during the BTEWS II test in
patients with chronic neck and shoulder pain (TABLE 4). Test-retest reliability, measured with
Spearman Rank correlations and ICC’s was of fair and measured at p=0.37 and ICC,; = 0.54,
respectively. The standard error of measurement (SEM) and the minimal detectable change at 90%
confidence (MDCy) for the PO task were measured as 30.25 and 70.59, respectively. Weak
Spearman Rank correlations between the PO task and the NDI, Shoulder Pain and Disability Index
(SPADI) and Numeric Rating Scale (NRS) for pain tests were recorded. There were no significant

performance differences between control and pain groups for the PO task.
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Functional Impairment Test- Hand and Neck/Shoulder/Arm (Fit-HaNSA)
Sub-acute to chronic WAD

Pierrynowski et al. (2016)[35] reported on the reliability, measurement error, MDC and
validity of the Fit-HaNSA test in a sample of people with WAD II following motor vehicle
collision (MVC) (TABLE 5). Intra-rater reliability ICC’s for patient subtask and total scores were
good to excellent ranging between 0.70-0.78. [35] Inter-rater reliability ICC’s for patient subtask
and total scores were fair to excellent and ranged between 0.54-0.84. [35] The Bland and Altman
plot for the patient group showed a 26 seconds (s) bias in terms of improved performance on the
second test (possible learning effect). The standard deviation of difference was 124 s and 95%
Limits of Agreement (LoAgs) was 248 seconds. [35] The SEM for people with WAD II was
reported to be 76 s. The MDCyy was measured as 176 s. [35]

Spearman rank correlations were also calculated between the Fit-HANSA, Numeric Pain
Rating Scale (NPRS), NDI, the disabilities of arm, hand and shoulder (DASH) and 6 cervical range
of motion measures. Most (59 of 78) of the correlations between performance and comparator
measures were very weak to weak (r=<0.4). [35] All correlations between total Fit-HaNSA scores
and subtask scores had good correlations (r=<0.75), except for Task 1-Task 3. [35] Significant
performance differences between WAD II and control groups (known group validity) were

recorded for the total Fit-HaNSA score and all 3 subtask scores. [35]

Physiotherapy Test Package Subtests
Ljungquist et al. published a series of articles[36—39] which evaluated the clinimetric
properties of a physiotherapy test package for patients with spinal pain (TABLE 6). This

package included muscular strength & endurance tests, submaximal endurance tests, and three
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functional tests. These functional tests included the PILE-C, PILE-L, and 2x20M-WWB test.
Ljungquist’s series of articles reported on convergent validity, known-groups validity, reliability,

measurement error and sensitivity to change for these tests. [36-39]

Undetermined duration of neck pain

In a 1999 article [38], correlations between the tests of the package and pain (CR-10) and
perceived exertion (Borg RPE) were determined. All correlations were very weak to moderate
(0.10-0.48) except for moderate to strong correlations (0.55-0.65) between the PILE-C test and
pain intensity and between 2x20M-WWB test and pain intensity.

In a 2003 article[36], the PILE-C, PILE-L and 2x20M-WWB tests were tested to determine
their ability to discriminate between known-groups (neck pain vs back pain). Subjects with spinal
pain completed the CR-10, the University of Alabama Pain Behavior scale (UAB) and the Borg
RPE test. Specific cut points were used to distinguish patients with high vs. low pain intensity,
high vs. low pain behavior, and high vs. low perceived exertion in patients, respectively.
Participants then completed the test package and it was determined if each subtest could
discriminate between participants with high vs. low pain intensity. The functional tests were able
to discriminate between all 3 subgroups with the exception of the PILE-C being unable to
discriminate between participants with high vs. low perceived exertion.

In a paper from 1999[38], the PILE-C, PILE-L and 2x20M-WWB tests were found to have
significant discriminative abilities in distinguishing healthy subjects from patients with spinal pain.
The sensitivity and specificity for this known group discrimination for the PILE-C test, were
reported to be 0.93 (very strong) and 0.69 (strong), respectively. The sensitivity and specificity for

the PILE-L test were reported to be 0.85 (very strong) and 0.65 (strong), respectively.
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The inter and intra rater reliability were tested on participants with spinal pain.[37] Limits
of agreement were used to measure inter rater reliability and repeatability, defined as 2x the within-
subject standard deviation of each variable. Interrater agreement for 2 tests was deemed
“acceptable”, while all 3 functional tests had “clinically acceptable” intra-rater reliability.

Sensitivity-to-change was evaluated in the test package following 6 months of a
physiotherapy intervention. Using ROC curves, Wilcoxon sign ranked tests and spearman
correlation coefficients, only the 2x20m-WWB test and the PILE-C (women only) were deemed
to be sensitive to change. [39] Additionally, moderate to large effect sizes were found for all test

components.

DISCUSSION
This study synthesized 12 studies assessing clinometric properties of 4 different functional-

based assessments. Given the limited number of studies, the substantial variation in the types of
tests examined, the methods used to assess the clinical measurement properties, and the study
populations, the current state of knowledge does not allow firm conclusions regarding
recommendations for an optimal functional-based test at this time. Overall, the quality ranging
from good to excellent (67-92%,) as determined by the QACMRR, for a range of properties of the
4 different assessments in patients with acute or chronic neck pain that is musculoskeletal in origin.
Studies obtaining higher percentages indicate research that has been consistent with best practice
where studies with lower percentages are more likely to be inadequate or inappropriate
FCE

The breadth of a functional-based test is variable and defined by the developers. An

advantage of the functional assessment designed by Reesink et al.[33] is that they mapped the
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eight subtests to risk factors identified in the literature for work-related neck disorders. The eight
subtests consist of: material handling tasks, lifting floor to waist, overhead lift test, one-handed
and two-handed carrying, overhead working, repetitive reaching, overhead lifting, and repetitive
bending and overhead reaching. Given the systematic approach and rationale these authors used
in developing the FCE and this approach being used in previous research [40], we suggest that
this test has strong content validity.

Six articles address the clinical measurement properties of this FCE ranging from good to
excellent quality (67-92%). There was evidence that the FCE was stable over test-retest time of
7-14 days. [30,31] These measures demonstrate longer stability over time compared to self-report
measures such as the Neck Disability Index (NDI) which has demonstrated test-retest reliability
within only a short period of 0-3 days. [27] Whether this longer-term stability is a characteristic of
functional-based tests or reflects differences in study populations in context requires further
testing. These two studies had relatively lower quality scores on the QACMRR (67-75%)
compared to other studies in this review putting into question test-retest time. Although test-retest
reliability has been assessed, inter-rater and intra-rater reliability has yet to be researched. Unlike
self-report measures, we expect measurement error due to the evaluator and functional-based tests.
Thus, future research should explore these aspects of reliability.

Convergent validity is often examined in clinical measurement studies. We suggest that
this may be because these comparisons are easily performed by correlating different tests rather
than providing strong confidence in the validity of the measurement. Often convenient
comparisons are performed rather than those most relevant. Across many domains and measures
it has become clear that the relationship between self-reported function and performance-based

function or physical impairment is often very weak to moderate. Therefore, the value of assessment
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of these relationships as a form of validation has limited value. Several studies of very good to
excellent quality have reported on the convergent validity of the FCE. [28,29,32] The highest
quality article determined by the QACMRR (92%) found the relationship between the FCE and
work capacity to be poorly associated with one another. [29] The same study found that the ability
of the FCE to predict future work capacity was poor. This may be considered a more important
comparison since ideally functional-based tests would relate to important outcomes like return to
work. No studies to our knowledge report the responsiveness or sensitivity to change of the FCE.
This is an important gap since the focus of rehabilitation is often to remediate limitations in goal
impairments or work capacity, and assessment of these changes is critical to clinical decision-
making and reporting outcomes. Thus, future research should evaluate the responsiveness of the
FCE to provide insight in the measure’s ability to detect change after an intervention.
FIT-HaNSA

One study of very good quality (88%) assessed the FIT-HaNSA, a test consisting of two
reaching tasks (waist and eye-level) and sustained overhead task performance. [35] Overall, the
FIT-HaNSA demonstrated excellent inter-rater reliability (0.84) and intra-rater reliability (0.78).
The specific subtests included within the FIT-HaNSA similarly demonstrate fair to excellent (0.54-
0.80) and good (0.70-0.72) inter-rater and intra-rater reliability respectively. The FIT-HaNSA also
demonstrated a clear ability to distinguish between people with WAD 2 and healthy controls.
Correlations between the FIT-HaNSA and other patient self-report disability and functional
outcome measures (NPRS, NDI, DASH, CROM and FIT-HaNSA) were generally very weak to
weak (p <0.4), consistent with other studies comparing performance and self-report. [17,18] The
largest limitation in critically synthesizing information for this test is that only a single study was

found that reported the measurement properties for people with neck disorders. It should be noted
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however that it has been validated in other MSK disorders. [34,40] Although others have noted
the lag in development of functional-based measures in comparison to self-report measures, FIT-
HaNSA was recommended as a functional-based measure for people with shoulder disorders. [41]
BTEWS 11

Another study of very good quality (88%) assessed the efficacy of the BTEWS II where
the participants performed a dynamic pushing and pulling task in which power output was recorded
over a 10 second sample.[34] While the convergent validity aspect of this paper was assessed as
consistent with best practice through the critical appraisal process, the relationship between the
power output on the BTEWS and measures of pain and disability (NDI, SPADI, NRS) were poorly
associated with each other. In addition, the power output component was not found to be
significantly different between people with neck pain and healthy controls which suggests it might
not be discriminative. Discrimination between patients and those without any symptoms is a low
benchmark, and tests that cannot fulfil this benchmark should be viewed with caution. Because of
the weak measurement properties demonstrated by the power output component of the BTEWS 11,
it does not appear to be a desirable functional-based measure to assess function in people with
neck pain. However, we acknowledge for all of the functional-based tests the evidence pool is so
shallow that there is high potential that future studies might lead to different conclusions.
Physiotherapy Test Package Subtests

Four studies ranging from good to very good quality (68-82%) assessed relevant items
from a physiotherapy test package, including a lift from floor-to-waist and a waist-to-shoulder task
and a two-handed carrying task. The properties of these assessment items include weak to
moderate correlations to pain, perceived exertion, and had “fair to good” reliability. The 2x20m-

WWRB and PILE-C tests were found to be sensitive-to-change which is valuable information as no
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other study has assessed this property in functional-based measures in patients with neck disorders.
Thus, this measure may be of value in clinical settings when assessing functional capacity before
and after a treatment intervention. All tests had discriminative ability for detecting participants
with spinal pain vs healthy controls. Most of the three tests demonstrated poor construct validity
in that they were poorly related to pain and perceived exertion. Thus, further research is necessary
to investigate these constructs.

Clinical Implications

This study confirms that functional-based tests have had far less development and
evaluation than self-report measures. Limitations include the number of tests and insufficient body
of evidence to make confident recommendations with respect to functional-based testing. It is clear
that self-report and functional-based measures provide different perspectives. Theoretically,
functional-based tests are important to inform our understanding about the mechanisms of
intervention and how interventions increase capacity. Overall more work is required to further
establish the psychometric properties of functional-based tests in persons with neck disorders,
including sensitivity-to-change, responsiveness, and predictive validity.

The data presented suggest that the FIT-HaNSA has the strongest clinometric properties
though this is based on a single higher quality paper specific to neck disorder. [35] Importantly,
normative data have been published [42], it has been validated in multiple studies in patients with
shoulder conditions [43—45] and has been recommended when compared to other measures [41].
The FCE has a limited evidence base from which to draw, though it was developed with strong
content validity and further evaluation may demonstrate its usefulness.

Limitations
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A challenge in synthesizing clinical measurement evidence is the wide range of properties
and indicators that need to be considered. Unlike effectiveness studies where one can focus on the
effect size of treatment there are many considerations that would affect the recommendations made
about outcome measures. This is further complicated when the pool of evidence is shallow.
Although the quality assessment tool (QACMRR) developed by one of the authors of this review
which assess the quality of design of individual studies were useful for interpreting the evidentiary
pool, there is no clear method to synthesize the extracted clinical measurement evidence. While
some systematic reviews on treatment might only report findings from high-quality studies, it is
important to see how outcome measures perform in different contexts. Further, the assessment of
quality is complicated given that clinical measurement studies have so many dimensions.
Therefore, exclusion of lower quality studies has questionable value. Thus, a more practical
approach is to consider quality when interpreting the findings, rather than excluding studies.

The QACMRR focuses on whether the authors made appropriate decisions in selecting the
scope and methods of their clinical measurement evaluations within a given study and provides
descriptors of poor fair or good design options. Quality focuses on issues that might affect risk of
bias or imprecision in estimates; whereas risk of bias assessments focusses on items that might
result in a biased estimate. For example, insufficient power is a precision (quality) issue, not a risk
of bias. Although it is difficult to interpret the meaning of the percentage of the QACMRR as there
are no established cut-offs for distinguishing good and poor-quality studies, it provides one way
of ranking the articles in order of quality. We did not use COSMIN checklist since it was developed
for PROMS and some of the components/steps that involved are not applicable to performance-

based tests.
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Another limitation in this review was that the feasibility or usability of these tools was not
assessed. While feasibility was not the focus of this review, information on the practical
application of these functional-based measures provides valuable information to clinicians for
determining whether these tests are appropriate to use in their given setting. Thus, future research
should not only investigate further the psychometric properties of these tools, but also report the
feasibility of using these tests so that they may be used in clinical settings and to identify

limitations that restrict their application in practice.

CONCLUSION

This review found very good quality evidence that the FIT-HaNSA has excellent inter and
intra-rater reliability and very weak to weak convergent validity. Excellent quality evidence of fair
test-retest reliability, weak convergent validity, and very weak known groups validity for the
BTEWS II test was found. Good to excellent quality evidence exists that an FCE battery has poor
to excellent reliability and very weak to strong validity. Good to excellent quality of weak to strong
validity and trivial to strong effect sizes were found for a physiotherapy test package. Functional-
based evaluation in people with neck disorders is an area needing much research attention both to
establish the measurement properties of existing measures, potentially to develop innovative new
measures and to perform head-to-head comparisons of measures before an optimal functional-

based test can be identified.
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TABLE 1. Summary of Studies Reporting Psychometric Properties of Functional-based Tests in Neck Disorder Patients
Study Population Sample Size (n) Functional Tests Interventi@/Test Quality
Interval o
Ljungquist et al. 1999 Neck pain (55%), 53 PILE-C, PILE-L N/A R Good (68%)
back pain, multiple §
pain sites, g
Ljungquist et al. 1999 Neck pain (50%), 68 PILE-C, PILE-L,2x 8days & Very Good (79%)
lumbar pain, thoracic 20m WWB N
pain, shoulder pain, ©
multiple pain sites, g
Ljungquist et al. 2003 Neck pain, lumbar 235 PILE-C, PILE-L,2x N/A % Very Good (82%)
pain, thoracic pain, 20m WWB %
shoulder pain, lower =
extremity pain, g
multiple pain sites, =
Ljungquist et al. 2003  cervical pain (25%), 186 PILE-C, PILE-L,2x 6 months = Very Good (79%)
lumbar pain, cervical 20m WWB 3
(25%) and lumbar ?9,,
pain, multiple pain =
sites, %
Lomond and Cote. Chronic neck and 32 BTEWS 11 9.5 days $§ Very Good (88%)
2011 shoulder pain (100%) o
Pierrynowski et al. Sub-acute and 66 FIT-HaNSA 2-7 days Z Very Good (88%)
2016 chronic WAD II =
Reesink et al. 2007 N/A N/A Neck-FCE N/A <2 N/A
Reneman et al. 2017  Chronic 18 Neck-FCE 2 weeks § Good (67%)
multifactorial neck g
pain Q
Trippolini et al. 2013 Sub acute and 32 WAD FCE 7 days 2 Very Good (75%)
chronic WAD I and I1 Y
Trippolini et al. 2014 Sub acute and 267 Workwell FCE N/A @ Excellent (92%)
chronic WAD I and 11 g
g
§
<
e
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3
g
i S
2 o
2 Trippolini et al. 2015  Sub acute and 314 WAD FCE N/A § Very Good (86%)
s chronic WAD I and II R
6 Van der Meer et al. Chronic WAD I and 40 Neck FCE N/A S Very Good (86%)
7 2013 11 N
8 PILE-C, Progressive Isoinertial Lifting Evaluation-Cervical; PILE-L, Progressive Isoinertial Lifting Evaluatign; CBT, Cognitive-
9 Behavioural Therapy; PT, Physical Therapy; NRPS, Numeric Pain Rating Scale; BTEWS II, Baltimore Therépeutic Equipment Work
10 Simulator II; WAD, Whiplash Associated Disorder; MVA, Motor Vehicle Accident; FIT-HaNSA, FunctionagImpairment Test-Hand
1; and Neck/Shoulder/Arm; FCE, Functional Capacity Evaluation; EXP, Experimental; M, Male; F, Female §
13 5
14 o
s
16 2
17 o
18 3
19 3
20 E:
21 §
22 3
23 3
24 g
25 3.
26 8
27 3
28 S
29 1
30 E
31 ©
32 P
33 R
34 g
35 c{gb
36 4}
37 T
38 s
39 g
40 =
41 s
42 g
43 z 31
44 =
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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TABLE 2. Quality of Studies on Psychometric Properties of Functional-based Tests Evaluated in Neck Diso%ier Patients
Item Evaluation Criteria )
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Ql12 Total
S (%)
Trippoliniet 2 2 2 2 1 2 2 2 2 % 1 2 92%
al, 2014 2
Lomond and 2 2 | 2 0 2 2 2 2 % 2 2 88%
Cote, 2011 S
Pierrynowski 2 2 1 2 0 2 2 2 2 Z 2 2 88%
etal, 2016 2
Trippolini et 2 2 2 0 1 N/A 2 2 2 3 2 2 86%
al, 2015 3
Van der Meer 2 1 2 1 2 N/A 2 1 2 2 1 2 86%
et al, 2013 3
Ljungquistet 2 2 2 0 0 N/A 2 2 2 3 2 2 82%
al 2003 KGV o
Ljungquistet 2 1 1 2 0 2 2 2 2 2 1 2 79%
al 1999 Rel =
Ljungquistet 1 1 1 2 1 1 2 2 2 2 2 2 79%
al 2003 STC N
Trippoliniet 2 2 1 1 0 0 2 2 2 g 2 2 75%
al, 2013 e
Ljungquistet 2 1 1 2 0 N/A 2 1 2 & 1 2 68%
al 1999 KGV 9
Reneman et 1 2 1 1 1 0 1 2 2 g 2 1 67%
al, 2017 3
g
8
2
é_.
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Reesink, - - - - - - - - - N/A
2007*
*Paper is not applicable for completion of study quality tool
TABLE 3. Psychometric Properties of the Functional Capacity Evaluation
FCE Battery Type of Properties Statistical Test Value gnterpretation
Neck FCE Test-retest ICC 0.39-0.96 Poor-excellent
Measurement Error Ratio of LoA 32.0-56.5% S
Convergent Validity Pearson or Spearman NDI total: 0.39-0.62 Weak to moderate
correlation NDI items: 0.03-0.63 Fery weak to strong
WAD FCE Test-retest Reliability ICC 0.66-0.96 good-excellent
Convergent Validity Pearson Correlation Pain* 0.31-0.39 EZVeak
SFS: 0.42-0.61 ﬂ/loderate -strong
NDI: 0.34-0.45 §Veak moderate
HADS-A: 0.27-0.36 sveak
HADS-D: 0.30-0.41 Weak-moderate
Known-groups Validity  Linear Regression p<0.001 %igniﬁcant for All Tasks
(German vs Non- Analysis 2
German) -
Known-groups Validity  t-test p<0.001 %igniﬁcant for Two
(sex) Fasks
Workwell FCE Convergent Validity Pearson or Spearman Work Capacity: 0.1-0.3  Fery Weak — weak
Correlation Z
Predictive Validity Pearson or Spearman 0.06-0.39 Yery weak - Weak
Correlation i
Linear Mixed Model B=-0.04, 95% CI: §Iot Significant
Regression of All -0.15-0.06 g
Predictors p=0.428 (task 6) e
FCE, Functional Capacity Evaluation; ICC, Intraclass correlation coefficient; LoA, Limits of Agreement; NIM, Neck Disability Index;
Mod., Moderate; Neg., Negligible; SFS, Spinal Function Sort; HADS-A, Hospital Anxiety and Depression Sgale Anxiety; HADS-D,
Hospital Anxiety and Depression Scale — Depression; CI, Confidence Interval Sig., Significant @
*Pain measured via Numeric Rating Scale g
O
<
§
% 33
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TABLE 4. Summary of Fit-HaNSA’s psychometric properties in neck disorder patients
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ON #Z UO ZZTE0-6T0Z-uadolwa/9g

Test Type of Property Statistical Test Value Interpretation
Fit-HaNSA Intra-rater Reliability ICC 0.78 Excellent
Fit-HaNSA Inter-rater Reliability ICC 0.84 Bxcellent
Fit-HaNSA Measurement Error SEM 76 s ©
LOAy;s 248 s g
MDCQO 176 s 5
Fit-HaNSA Convergent Validity Spearman Rank <0.4 ->0.75 Weak — Strong
Correlation %
Fit-HaNSA Known-groups Validity  F-test 62.6, <p,0.001 glgmﬁcant
WAD II vs Control Z
Fit-HaNSA Functional  Intra-rater reliability ICC 0.70-0.72 g}ood
Sub-tasks 3
Inter-reliability ICC 0.54-0.80 Fair - Excellent
Convergent Validity Spearman Rank <0.4 ->0.75 Weak - Strong
Correlation %
Known-groups Validity = F-test 42.0-53.3, p<0.001 Slgnlﬁcant

WAD II vs Control

o
>

Fit-HaNSA, Functional Impairment Test, Hand and Neck/Shoulder/Arm; ICC, Intraclass correlation coefﬁc1@1t SEM, Standard Error
of Measurement; LOAys, 95% Limits of Agreement; MDCyy, 90% Minimal Detectable Change; WAD, Whl}:ﬂash Associated Disorder;

Mod, Moderate

*Correlations completed with Numeric Pain Rating Scale, Neck Disability Index, Disabilities of Arm, Shoulcfer Hand and 6 cervical

range of motion tests
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E
3
1 8
2 ©
3 3
4 N
5 R
6 S
7 R
8 TABLE 5. Psychometric Properties of Baltimore Therapeutic Equipment Work Simulator II — Power Output2Task
9 Test Type of Property Statistical Test Value Bnterpretation
10 BTEWS 11 Test-retest reliability ICC 0.53 fgair
1 ; Spearman 0.37 Boor
13 BTEWS 11 Measurement Error SEM 30.25 ©
14 MDCg() 7059 o
15 BTEWS 11 Convergent Validity* Spearman Not Reported Weak
16 BTEWS II Known-groups Validity = Two-way Repeated Not Reported Eon-signiﬁcant
:; (Pain vs Control) Measures ANOVA Q
19 ICC, Intraclass correlation coefficient; SEM, Standard Error of Measurement; MDCyg, 90% Minimal Detect@le Change; ANOVA,
20 Analysis of Variance
21 *Spearman correlations completed with Numeric Rating Scale, Neck Disability Index and Shoulder Pain an(ﬁ)lsablhty Index
22 3
23 3
24 g
25 .g
26 8
27 3
28 S
29 Z
30 =
31 ©
32 >
33 N
34 g
35 Q
36 3
37 T
2
(1)
40 =
41 s
42 2
43 2
44 =
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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TABLE 6. Psychometric Properties of performance-based tests included in physiotherapy test package
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uMod6TOC 18qUBMDON ¢ uo Z2T1€0-6T0Z-uadolwa/9g

Test Type of Property Statistical Test Value terpretation
PILE-C Inter-rater Reliability Mean Difference -0.24
LoA -2.46 and 1.82
PILE-C Inter-rater Reliability Repeatability (2X SD) M=3.93; F=1.19
% of Range M=10.5%; F=6.1% =1
PILE-C Convergent Validity Spearman Correlation CR-10: 0.55-0.65* Aoderate - Strong
Borg RPE: 0.10 - 0.48 Sery weak - moderate
PILE-C KGV: spinal pain vs. Sensitivity and 0.93, 0.69 §trong — Very Strong
control Specificity =3
PILE-C KGV: spinal pain vs. Wilcoxon Sign Ranked  p=0.008 Significant
control Test El
PILE-C KGV: High vs. low pain Mann-Whitney U p=0.003 1gigniﬁcant
intensity o
PILE-C KGV: High vs. low Pain Mann-Whitney U p=0.005 fﬁigniﬁcant
behavior S
PILE-C KGV: High vs. low Mann-Whitney U p=0.154 MNon-significant
perceived exertion 2z
PILE-C Sensitivity to Change Effect Size Subjects improving: Small — Moderate
0.39-0.73 -
Subjects deteriorating: 0 Jrivial — Small
-04 g
PILE-L Inter-rater Reliability Mean Difference -0.11 <Q
LoA -2.33 and 2.11 2
PILE-L Intra-rater Reliability Repeatability M=4.0; F=3.59 3
% of Range M=10.7%; F=18.5% o
PILE-L Convergent Validity Spearman Correlation CR-10: 0.11 -0.45 2

AQ RO
a o
< <
£ =
RS
~ =~
[
B B
o O
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a o
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o o
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Borg RPE: 0.10 - 0.48

o4l '6TQZ 1I90UANON 18 U0 ZiZTE0r6T0Z-uadolwa/9g

PILE-L KGV: spinal pain vs no  Sensitivity and 0.85, 0.65 trong — Very Strong
spinal pain Specificity
PILE-L KGV: spinal pain vs Wilcoxon Sign Ranked  p=0.002 ignificant
control Test
PILE-L KGV: High vs. low pain Mann-Whitney U p=0.001 ignificant
intensity
PILE-L KGV: High vs. low pain Mann-Whitney U p<0.001 ignificant
behaviour
PILE-L KGV: High vs. low Mann-Whitney U p<0.001 > ignificant
perceived exertion =1
PILE-L Sensitivity to change Effect Size Subjects improving: g."rivial — Large
0.02-1.08 <
Subjects deteriorating gmall — Large
0.42-0.81 =
2x20m WWB Inter-rater Reliability Mean Difference 0.05 %
LoA -1.33 and 1.43 3
©
@D
2 x20m WWB Intra-rater Reliability Repeatability 3.2 B
% of Range 10.7% %
2x20m WWB Convergent Validity Spearman Correlation CR-10: 0.55 - 0.65Borg g/loderate - Strong very
RPE: 0.10 - 0.48 gveak — moderate
2 x20m WWB KGV: spinal pain vs Wilcoxon Sign Ranked  p=0.014 Bignificant
control Test E
2 x20m WWB KGV: High vs. low pain Mann Whitney U p<0.001 ':Signiﬁcant
intensity N
2 x20m WWB KGV: High vs. low pain Mann Whitney U p<0.001 gigniﬁcant
behaviour =
2x20m WWB KGV: High vs. low Mann Whitney U p<0.001 Significant
perceived exertion 2
2x20m WWB Sensitivity to change Effect Size Subjects improving: gmall — Moderate
(1)

0.38-0.78
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Subjects deteriorating:
0.13-0.62 S

72 TE0r6T0Z-uadolwa/9g

PILE-C, Progressive Iso-intertial Lifting Evaluation — Cervical; PILE-L, Progressive Iso-intertial Lifting EV@uation — Lumbar; LoA,
Limits of Agreement; SD, Standard Deviation; M, Male; F, Female; RPE, Rating of perceived exertion; KGV Known-groups
Validity; Neg., Negligible; Mod., Moderate, *CR-10: Measurement of pain construct
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1

2

z Appendix 1: Search terms

. EMBASE-OVID

7 1. exp "outcome and process assessment (health care)"/ or "outcome assessment (health care)"/
8 or treatment outcome/

9 2. outcome?.ti.

10 3. exp "Range of Motion, Articular"/

1; 4. Pain Measurement/

13 5. exp disability evaluation/

14 6. "Recovery of Function"/

15 7. Questionnaires/

16 8. self-report.tw.

17 9. ((impairment or disability or function) adj2 (measure? or scale? or evaluation?)).tw.
18 10. range of motion.tw.

;g 11. (strength adj2 (measure? or scale? or evaluation?)).tw.
21 12. (outcome? adj2 (measure* or scale? or indicator?)).tw.
22 13. or/1-12

23 14. "reproducibility of results"/

24 15. exp "Sensitivity and Specificity"/

25 16. reliability.mp.

26 17. validity.mp.

;é 18. responsiveness.mp.

29 19. Psychometrics/

30 20. rasch.mp.

31 21. factor analysis, statistical/

32 22. factor analysis.tw.

33 23. differential functioning.mp.

gg 24. (validity or validation).mp. [mp=title, original title, abstract, name of substance word, subject
36 heading word, unique identifier]

37 25. (validity or validation).mp.

38 26. item difficulty.mp.

39 27. translation.tw.

40 28. or/14-27

H 29. 13 and 28

fé 30. Neck Pain/

44 31. exp Brachial Plexus Neuropathies/

45 32. exp neck injuries/ or exp whiplash injuries/
46 33. cervical pain.mp.

47 34. neckache.mp.

48 35. whiplash.mp.

42 36. cervicodynia.mp.

?1) 37. cervicalgia.mp.

5o 38. brachialgia.mp.

53 39. brachial neuritis.mp.

54 40. brachial neuralgia.mp.

55 41. neck pain.mp.

56

57

58

59

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
38.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68

BMJ Open

neck injur®*.mp.

brachial plexus neuropath*.mp.

brachial plexus neuritis.mp.

thoracic outlet syndrome/ or cervical rib syndrome/
Torticollis/

exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
cervico brachial neuralgia.ti,ab.
cervicobrachial neuralgia.ti,ab.

(monoradicul* or monoradicl*).tw.

or/30-50

exp headache/ and cervic*.tw.

exp genital diseases, female/

genital disease™.mp.

or/53-54

52 not 55

51 or 56

neck/

neck muscles/

exp cervical plexus/

exp cervical vertebrae/

atlanto-axial joint/

atlanto-occipital joint/

Cervical Atlas/

spinal nerve roots/

exp brachial plexus/

(odontoid* or cervical or occip* or atlant™®).tw.

. axis/ or odontoid process/
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

Thoracic Vertebrae/

cervical vertebrae.mp.
cervical plexus.mp.

cervical spine.mp.

(neck adj3 muscles).mp.
(brachial adj3 plexus).mp.
(thoracic adj3 vertebrae).mp.
neck.mp.

(thoracic adj3 spine).mp.
(thoracic adj3 outlet).mp.
trapezius.mp.

cervical.mp.

cervico*.mp.

80 or 81

exp genital diseases, female/
genital disease™.mp.

exp *Uterus/

83 or 84 or 85

82 not 86
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1

2

2 88. 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or
5 74 or 75 or 76 or 77 or 78 or 79 or 87
6 89. exp pain/

7 90. exp injuries/

8 91. pain.mp.

9 92. ache.mp.

10 93. sore.mp.

}; 94. stiff.mp.

13 95. discomfort.mp.

14 96. injur*.mp.

15 97. neuropath*.mp.

16 98. 0r/89-97

17 99. 88 and 98

18 100. Radiculopathy/

;g 101. exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction
21 syndrome/

22 102. myofascial pain syndromes/
23 103. exp "Sprains and Strains"/

24 104. exp Spinal Osteophytosis/

25 105. exp Neuritis/

;? 106. Polyradiculopathy/

28 107. exp Arthritis/

29 108. Fibromyalgia/

30 109. spondylitis/ or discitis/

31 110. spondylosis/ or spondylolysis/ or spondylolisthesis/
32 111. radiculopathy.mp.

33 112. radiculitis.mp.

34 113. temporomandibular.mp.

35 . .

36 114. myofascial pain syndrome*.mp.
37 115. thoracic outlet syndrome*.mp.
38 116. spinal osteophytosis.mp.

39 117. neuritis.mp.

40 118. spondylosis.mp.

41 119. spondylitis.mp.

fé 120. spondylolisthesis.mp.

44 121. or/100-120

45 122. 88 and 121

46 123. exp neck/

47 124. exp cervical vertebrae/

48 125. Thoracic Vertebrae/

42 126. neck.mp.

?1) 127. (thoracic adj3 vertebrae).mp.
5o 128. cervical.mp.

53 129. cervico*.mp.

54 130. 128 or 129

55 131. exp genital diseases, female/
56

57

58

59

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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132.
133.
134.
135.
136.
137.
138.
139.
140.

141

BMJ Open

genital disease®.mp.

exp *Uterus/

or/131-133

130 not 134

(thoracic adj3 spine).mp.

cervical spine.mp.

123 or 124 or 125 or 126 or 127 or 135 or 136 or 137
Intervertebral Disk/

(disc or discs).mp.

. (disk or disks).mp.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.

139 or 140 or 141

138 and 142

herniat*.mp.

slipped.mp.

prolapse*.mp.

displace®.mp.

degenerat®.mp.

(bulge or bulged or bulging).mp.

144 or 145 or 146 or 147 or 148 or 149
143 and 150

intervertebral disk degeneration/ or intervertebral disk displacement/
intervertebral disk displacement.mp.
intervertebral disc displacement.mp.
intervertebral disk degeneration.mp.
intervertebral disc degeneration.mp.
152 or 153 or 154 or 155 or 156

138 and 157

57 or 99 or 122 or 151 or 158

animals/ not (animals/ and humans/)
159 not 160

exp *neoplasms/

exp *wounds, penetrating/

162 or 163

161 not 164

29 and 165

guidelines as topic/

practice guidelines as topic/
guideline.pt.

practice guideline.pt.

(guideline? or guidance or recommendations).ti.
consensus.ti.

or/167-172

meta-analysis/

exp meta-analysis as topic/

(meta analy™* or metaanaly® or met analy* or metanaly*).tw.
review literature as topic/
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178. (collaborative research or collaborative review* or collaborative overview*).tw.
179. (integrative research or integrative review™ or intergrative overview™).tw.

180. (quantitative adj3 (research or review™ or overview™)).tw.

181. (research integration or research overview*).tw.

182. (systematic* adj3 (review* or overview™)).tw.

9 183. (methodologic* adj3 (review™* or overview*)).tw.

10 184. exp technology assessment biomedical/

1 185. (hta or thas or technology assessment*).tw.

186. ((hand adj2 search*) or (manual* adj search*)).tw.

14 187. ((electronic adj database*) or (bibliographic* adj database*)).tw.

15 188. ((data adj2 abstract™) or (data adj2 extract*)).tw.

16 189. (analys* adj3 (pool or pooled or pooling)).tw.

17 190. mantel haenszel.tw.

18 191. (cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or
psychlit or cinahl or science citation indes).ab.

192. or/174-191

22 193. 173 or 192

23 194. 166 and 193
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APPENDICES

APPENDIX A. Data extraction guide for studies evaluating the quality of studies evaluating the clinigal measurement

properties of outcome measures

9AON ¢ UBCYZTED-6T0C-US

Instructions
Clinical measurement studies may evaluate a wide spectrum of measurement properties; or evaluatéaspects that relate to
the implementability or interpretation of outcome measures. Individual clinical measurement studies cannot@ddress every aspect of
the measurement properties of an instrument. Ideally systematic reviews will synthesize the quality and congent of research
evidence addressing the clinical measurement properties of individual outcome measures. The summative knowledge about the
measurement properties, cultural transferability, and utility across different contexts provides the scope of m@;rmatlon needed to
select an outcome measure for a specific patient (population), purpose and context.

apeoju

This guide should facilitate extraction of data from individual clinical measurement studies. An explanation & the measurement
property addressed in each item and how it might be measured within a given study is listed to facilitate find@g and extracting that
information. The accompanying extraction form can then be used to collect the specific information on thesqmeasurements or utility
properties from specific studies.

way//:dy

The purpose of data extraction is to extract the specific information reported by authors within a study, not t@evaluate the validity or
value of that piece of information. Evaluation of the quality of the published version of the clinical measurem@nt study (also called
critical appraisal) is performed in a separate step. See the accompanying critical appraisal tool and guide. Eis advisable to extract
detailed specific information from the study; recognizing that this information may later be synthesized or su@iect to meta-analysis.

There is no standardized process for synthesizing clinical measurement information. Based on the findings &f extraction you may
elect to present the synthesize data in a descriptive way by creating a summary table of the data extracted i each category. If you
find some studies with similar designs, you may be able to conduct a meta-analysis of some properties like E{inically important
difference (CID) or minimal detectable change (MDC); if appropriate given the sample and technique - this can be valuable as it may
provide more stable estimates of these important properties.

1ybuAdoa Ag paraailold 1senb Ag v20g
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1 N

o
2 o
3 3
. Population studied S
7 I\)
8 Population A description of the study population Sample size, pathology/d|sorderzolemograph|cs setting,
9 acute vs. chronic, where subjectgwere chosen from.
10 Report meaningful demographlc:%and indicators of the
11 population studied. z
12 Intervention Interventions (if applicable) applied during Description of the nature, frequeﬁi:y, intensity of the
13 longitudinal studies intervention and the follow-up int&rval.
14 <1

s
15 C =1
16 Reliability g
1; Reliability The extent to which the same results are Test procedures or measures are;typlcally reapplied on
19 Description obtained on repeated administrations of the repeated occasions in |nd|V|duaI§conS|dered to have a
20 same measure when no change in status has stable condition during that time frame which repeated
21 occurred (reliability) or the precision of the scores | testing occurs. Repeated testlnginay be performed on
22 on repeated measurements (agreement). different occasions (test-retest) f@r self-report measures,
23 OR by the same rater (intra-rateig or different raters
24 (inter-rater) if it is an observer-based scale. In some
25 cases different test instruments (@ter-instrument) are
26 evaluated. The most common statistic used is the
27 intraclass correlation coefficient f§r quantitative data
28 (Shrout & Fleiss, 1979) and kapga(Landis & Koch, 1977)
29 for nominal data. Standard error&f measurement is used
30 to present a quantitative estimaté;‘of the reliability—in the
31 original units of measure. Reportthe type of reliability
32 evaluated and coefficients obtair@d.
33 Reliability (relative) | The relationship (ratio) between variability in test | ICCs (Shrout & Fleiss, 1979) or dhother reliability
gg scores when repeating the test on the same coefficient and their associated @nfldence intervals are
36 person in comparison to the overall variability extracted. 8
37 (including variation between people)—typically ;
38 indicated by a reliability coefficient 3

- g - _pe - . - (‘D

39 Reliability Absolute reliability is portrayed as the quantity of | This may be reported as 51
40 (absolute) error that could be anticipated upon repeated 1. Standard error of measureme#k (in older articles you
41 testing - reported in the original units of measure. | may see coefficient of variation);2
42 k1
43 3
44 =
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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2. Altman and Bland graphical te§hnique (Bland &
Altman, 1990; Bland & Altman, 1887; Bland & Altman,
1986) where the difference on rébeated tests for each
individual (limits of agreement) |s,\plotted versus their
mean score. The mean differencd and the boundaries of
2SD are shown to define the limi& of agreement.

Minimum
Detectable Change

Calculated from the reliability coefficient and the

Extract the number and level of @nfidence.

level of confidence specified for error margins. 2
This indicator reflects the amount of change §
required before you can be confident that change ©
exceeds the random error that occurs in stable 5
patients. §
2

Content/structural validity 8

o

jun ]

Internal
consistency

The extent to which items on a test or subscale
are related (an indication of the consistency of
the concept measured).

Cronbach’s alpha is the inter-iterg correlation usually
reported. Report alpha and whetﬁer it relates to the
entire instrument or specific subsales.

Content Validity

The extent to which the conceptual domain or
construct that a test is designed to measure is
adequately reflected by the items in the measure.
In assessing content validity, it is important to
consider the population to whom the measure
applies, the completeness of the content, the
relevancy and emphasis of the content
assessed.

A variety of techniques can be used to assess the extent
to which items on a given meastue reflected the
necessary content to capture theSconcept of interest.
Some of the techniques you willﬁ'nd are listed. Extract
what was done to determine con@nt validity and what
was found. S

1) Patients and experts were invgved during item
selection/reduction - report howfhey were used and key
decisions

2) Patients were consulted for regdlng and
comprehension - report key findifigs

3) Cognitive interviews (Cibelli, 1994; Ojanen & Gogates,

2006) were done with patients tom%etermine how items
were interpreted by respondents%their perceptions of the
items - report key findings S

4) Expert panels or Delphi proceﬁures were used to
select items or evaluate the vallcﬁy of the instrument -
report key findings and decisions?

1ybuAdoa
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1 N
2 5
3 5) During translation specific stu@/, the meaning of the
4 guestions to another cultural or I&hguage group was
Z studied - report key findings and gecisions
7 6) ICF linking (Cieza et al., 2002)or other coding of
8 content was performed - report tl*;e results which may
9 include the distribution of contengacross ICF domains, or
10 the distribution of specific codes 3
11 Floor-Ceiling The measure is unable to indicate a worsening There are a variety of potential n¥ethods; so the method
12 Effects score in patients who have clinically deteriorated | and conclusion should be report@l. Descriptive statistics
13 and/or an improved score in patients who have of the distribution of scores that Ray be presented
14 clinically improved graphically or numerically may b& used to indicate this.
15 Other studies report the percentai;e of patients sustained
16 a floor or ceiling effect defined b@the number of people
17 who fall in the extremes ranges. 8lote different studies
18 may define the extreme ranges fgr floor/ceiling
19 differently, so extract how it was @efined and % of
20 patients who obtained floor or cegling category scores.
21 Factorial validity The extent to which factor analysis supports Factor analysis may be reporteda&s raw results; or
;g assumptions surrounding constructs measured compared to the inherent structu% of the instrument or
2 as defined by the measure or as indicated by factor analysis upon which its co@struction was based.
25 subscale structure Report the type of factor analysissperformed (exploratory
2% or confirmatory), rotations used gnd the number of
57 factors derived; specify whether this confirms the
28 expected instrument structure ori\‘;)riginal factor structure.
29 Item response The extent to which items cross a range of Using item response theory or Rgsch analysis, items are
30 /Rasch Analyses difficulty, or a spectrum of the concept measured. | fit to a model to demonstrate intezval scaling and
31 The measurement scaling of the items. determine item difficulty (Pallant & Tennant, 2007).
32 Analyses might address item diffigulty, person's ability
33 curves, and comparison of abilityfestimation. Most
34 commonly, the item difficulty and®he composition of the
35 test that fulfills interval scaling ar“§ defined. Data to be
36 extracted include information on #he scaling of the items,
37 whether the interval scaling has Been established; and
gg the presence or absence of diffefential item functioning
[}
40 =
41 s
42 2
43 a
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(DIF), where items perform differ:
of respondents.

ntIy on different types

Construct Validity

QUIBAON 72 UO 272 T@0r6T0Z-uadolwa/gg

Construct Validity -
correlational

Constructs are artificial frameworks that are not
directly observable. Construct validity assesses
the extent to which measures perform according
to a priori defined constructs. Construct validity
can be cross-sectional or longitudinal
(predictive).

Constructed hypotheses can assess convergent
validity where measures are thought to represent
similar constructs or divergent validity where it is
assumed they measure different constructs.

For cross-cultural validation, the expected
relationships are those that have been reported
in validation of the instrument in its original
language/format.

When extracting data about corr%atlonal validity, the
pre-constructed hypothesis and \ﬁhether it is supported
should be documented. For corrélational construct
validity, this will be the nature ang strength of the
prespecified relationship and thezorrelations that
support that. Relation to other uﬁilces/constructs that
are similar (convergent) or dlfferemt (divergent) can be
reported. ldeally, hypotheses arg formulated/reported
and supported by correlations that are in accordance
with the hypotheses. Note that there iS no consistent
agreement on what subjective tegn should be applied to
validity correlations.

Note that there is no consistent a_greement on what

subjective term should be appllegto validity correlations.

Some authors use subjective termlnology defined for
reliability such as: strong (>0. 70)aand moderate (0.40-
0.70) correlations; others use thescorrelations like effect
size benchmarks that 0.4 indicatgs a moderate effect
and 0.6 a large effect. For valldl’s“f,l assessment is more
important than correlations prespeufled constructed
hypotheses, although not all pap@rs are written clearly
with respect to this.

ve

Convergent The Relationship between similar scales/tests. Extract test names, prespecifiedﬁxpected relationship
Correlations are generally expected to be and correlations observed.
moderate to strong if the relationship is one
where there is confidence that they measure a
similar construct.
Divergent Divergent validity assesses the extent to which Extract test names, prespecified &xpected relationship

different scales/tests that are designed to

and correlations observed.

"ybLAdoo|Ag gpl1oaloid ‘1sen
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1
2
3 measure different constructs demonstrate that
g they are different by a lack of correlation between
them.
? Construct validity - | Known groups analysis supports the validity of a | Data extraction should include thg nature of the
8 known groups measure by demonstrating that the measurement | subgroups and the size of the difference observed
9 is able to differentiate between groups that are between them (and its statistical %ignificance). Typically,
10 prespecified and known to be different on the statistical tests of difference are gerformed.
11 construct being assessed. 2
12 Since known groups analysis caﬂa}’provide data that is
13 useful in clinical practice as benchmarks for comparing
14 these known groups, it is a moregpractical form of
15 construct validity than correlatiorial. Data
16 extraction/presentation should reﬁect this by presenting
17 the group central tendency, their@nargins and statistical
18 significance in an accessible magher.
19 Longitudinal This form of validity supports the validity of a Extract test names and correlaticﬁns
20 Validity measure by demonstrating that the change that
21 occurs over time onto similar instruments is Note: since longitudinal validity |s§based on four
;g correlated in a manner consistent with the nature | measures (pre-and post-test on @vo different measures),
2 of the relationship between the scales. lItis and since error tends to mltlgateﬁhe strength of
25 measured over a retest interval when clinically correlations, strong longitudinal eﬁrrelatlons can be
2% relevant change could be expected. difficult to obtain.
27 Criterion validity Criterion validation is determined by comparing a | Authors will state that their meas%re is being compared
28 Description given outcome measure to an accepted standard | against a specific instrument andareport the correlation or
29 of measure. For subjective constructs like pain agreement between the measur% Extract the test
30 and disability, it can be argued that there is no names and results: correlations ex other as reported.
31 criterion since there is no external gold standard. ©
32 Therefore, for self-report measures, validation N
33 focuses on construct validity. R
34 g
35 For performance measures, it is common to have ‘:ED
36 a criterion measure that is considered to be &
37 highly precise and rigorous as the criterion 2
38 comparator. )
39 Concurrent criterion | Concurrent validity is assessed by comparing a Extract the test names and corregtions.
j? scale and its criterion at a single point in time k3
42 é
43 a
44 =
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Predictive criterion

Predictive validity is evaluated by determining the
extent to which the results of administering an
outcome measure at one point in time can
accurately predict a future status or outcome.

Extract the test names and corre@tions and time interval.
(and important cutoffs if those wéte
established/reported), if diagnostit test methodology was
used to examine prediction, and %ensmwty specificity
and other diagnostic criteria were Sreported, they should
be extracted.

Responsiveness/Clinical Change

Responsiveness

Does the instrument detect changes over time
that matters to patients?

68102 J1aqwidnoN

Extract indicators of responsivengss include: effect size,
standard response mean and th&method for assessing
whether patients were improved, %table or worse.
(Beaton, 2000) 2

Clinically Important
Difference (CID)

CID is the difference in scores that patients find
to be observable and clinically important. It is
assessed by comparing scores to an external
benchmark of clinical relevance such as a global
rating of change or some other method. The
terminology used to rate the nature of this
difference will affect the estimation process.
Differences in methods include how clinically
importance is framed and the metrics/process by
which that is determined.

Extract the MID or CID and note 31e method/cut-off used
to define importance. Extract hogl the clinically important
differences were framed to respandents; or determined.
For example, minimal, moderateg extreme improvement
or better/not better, etc.
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1 o
2 o
3 o
4 S
5 N
6 S
7 R
8 APPENDIX B. Data extraction form for studies evaluating the clinical measurement properties of ogtcome measures
9 s
3
10 Authors: Year: Rater: =
11 - Y
12 . Q
13 Instructions ©
14 When using the data extraction form, it is important to realize that the purpose of data extraction ig to remove or extract
15 the specific information reported by authors within a study, not to evaluate the validity or value of tHat piece of information.
16 To make data extraction as useful as possible, and to avoid the need for repeated data extractiong)c’L it is advisable to read
1{73 the accompanying guide and then be as specific as possible when extracting infor@:ation.
19 E
20 Z
21 DATA EXTRACTED S
;g Population studied E]
" Population g
25 3
26 8
27 3
28 Intervention S
29 1
30 —— =
31 _ Reliability a
32 Reliability S
33 (relative) N
34 Reliability g
35 (absolute) S
36 Minimum i
37 T
38 Detectable g
39 Change 2
40 Content/structural validity =
41 s
42 3
43 =
44 =
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Effects

Factorial validity

Item response
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Known groups

Convergent

Divergent

Longitudinal
Validity

Concurrent
criterion

Predictive
criterion

Responsiveness/Clinical Change
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APPENDIX C. Quality Appraisal for Clinical Measurement Research Reports Evaluation Form

Rater (Group)
Author(s) (Study Author(s)
Year (Year of publication)

6TOZ 18qWBAON ¢ U0 ZZTE0-6T0Z-uadolwa/9¢

1. Was the relevant background work cited to define what is currently known about thg measurement
properties of measures under study, and the potential contributions of the current resgarch question to
QD

informing that knowledge base? o
2 =
1 5
>0
0 o Y oS g
2. Were appropriate inclusion/exclusion criteria defined? * §
2 o)
1 E
0 g
3. Were specific clinical measurement questions/hypotheses identified? 3
2 3
1 S
0 g
4. Was an appropriate scope of measurement properties considered? o
2 S
1 R
0 g
«Q
5. Was an appropriate sample size used? é
2 o
1 g
(1)
0 &
6. Was appropriate retention/follow-up obtained? (for studies involving retesting; o@herwise n/a)
_§
‘5‘
3
=
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e]
g
i S
2 ©
3 2 8
4 1 S
5 N
6 0 S
7 7. Were specific descriptions provided of the measure under study and the methog(s) used to administer
8 it? z
9 2 é
10 1 %
12 0
13 8. Were standardized procedures used to administer all study measures in a manser that minimized
14 potential sources of error/bias (including the study measure and its comparators)? §
15 2 >
16 1 e
17 2
0
18 3
19 9. Were analyses conducted for each specific hypothesis or purpose? =
20 2 §
21 1 =
22 0 3
2 o
231 10. Were appropriate statistical tests performed to obtain point estimates of the mEasurement
25 properties? :3:
26 2 '8'
27 1 3
28 0 S
29 . . . , : > -
30 11. Were appropriate ancillary analyses done to quantify the confidence in the estinates of the clinical
31 measurement property (Precision/Confidence intervals; benchmark comparisons/ROC curves, alternate forms of
32 analysis like SEM/MID, etc.)? S
33 2 R
34 1 g
35 Q
36 0 &
37 12. Were clear, specific and accurate conclusions made about the clinical measurgment properties; that
38 were associated with appropriate clinical measurement recommendations and supported by%he study objectives,
39 analysis and results? &
40 2 g
41 s
42 §
43 =
44 =
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0
Subtotals (of column 1 and 2) Total Score (sum of subtotals/24*100)

APPENDIX D. Description of each performance battery from selected articles

Battery

6TOZ IBQWBAON ¢ U0 ZZTE0-6T0Z-uadolwa/9¢

Description of Tasks

Relevant FCE
S u btas kS 25,26,27,28,29,30

Material Handling Tasks: All lifting tests were executed with a wooden cra§ (40 x 30 x 26 cm)
of 2.5 kg, and four to five weight increments of 2.5 kg or 5 kg each were uged until the maximum
amount of weight was reached. Maximum performance was recorded in k§.

Lifting floor to waist: Measured after five lifts of crate from floor to table ar?d vice versa (time
limit < 90 s): hands remained on the crate during the test. Increase Welght:m 4-5 steps until
maximum is reached

q//-dn

Overhead lift test: Five lifts from waist to crown height and vice versa withgn 90 s in standing

position. Increase weight in 4-5 steps until maximum is reached ?;r;

o
Two-handed carrying: Carrying of a crate for a short distance measured ager five carries of 1.5
m distance at waist height. Hands remain on the crate during the test. S
One-handed carrying: Carrying wooden crate for 15 m within 90 s beginni ﬁg with the right hand
and thereafter the left hand. g

'_\

Overhead working: Standing with hands at crown height for manipulation &éf nuts and bolts. The
time that the position was held is recorded (sec).

q 2¢0c

Repetitive reaching: fast horizontal movements of the upper extremity in gssitting position.
Marbles are removed from bowls at arm length distance at table height fro%n left to right and vice
versa, with right and then left arm. The time taken to remove 30 marbles @recorded (sec).

Overhead lift test: Five lifts from waist to crown height and vice versa wﬂl‘@h 90 s in standing
position. Increase weight in 4-5 steps until maximum is reached

1ybuAdoo Af pax:
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Repetitive bending and overhead reaching: 20 marbles in 2 bowls at table'}:helght and crown
height. Standing in front of bowl of marbles and moving the marbles as fa§t as possible from
table height to crown height.

APN 72

A Physiotherapy
Test Packagessssss

PILE Tests: “The lifting tests were performed standing in front of bookshefves with shelves at
0.76m and 1.37 m from the floor. Subjects were asked to lift weights in a pﬁastic box from floor
to waist level (0—0.76 m) for the lumbar PILE test, or from waist to shouldﬁ height (0.76-1.37
m) for the cervical PILE test. The initial weight was 3.6 kg for women and 5.9 kg for men. A
‘lifting movement’ involved a single transfer from one level to the next andg)ack again. After
every four such lifting movements (= 20 s), the weight was increased by 225 kg for women and
4.5 kg for men. The weight managed during the last lifting movement wasZecorded and used as
a test result, as well as this maximum weight divided by the ‘adjusted we@]t’”

E
2x20m WWB: “Subjects were asked to walk 20 m at a comfortable speed%long a corridor, to
turn around where 20 m was marked and then to walk 20 m back to the stgrtlng point. In the first
walking test they carried no extra weight, but in the second they carried o carrier bag in each
hand, containing 4 kg each for the women, 8 kg each for the men. The tinie taken was recorded

to get the walking speed. The tests were discontinued after 50 s”. 3

BTEWS Il “The protocol consisted of performing a series of shoulder functional task%before and after a
fatiguing activity. Functional tasks consisted of active shoulder range of mgtion (ROM) in both
flexion and abduction and cumulative power output (PO) accumulated ovens 10s during a
repetitive pushing/pulling task in a horizontal plane at shoulder level”. f:

FIT - HaNSA= “The FIT-HaNSA protocol consists of three timed tasks and each task is pﬁrformed for a

maximum of 300 seconds (s) with approximately 30 s pause between therg (set-up time for next
task). Task 1 (waist-up) requires the patient to alternately “grab, lift, move@nd place” three 1000
g containers located on waist level and 25 cm above waist level shelves, @sing their affected
arm, at a metronome pace of 60 beats per minute for 300 s or until they fel unable to continue.
The time to complete Task 1 is measured using a stopwatch. Task 2 (eye-giown) is identical to
Task 1 except that the two shelves are placed at eye-level and 25 cm beld@wv. Task 3 (overhead
work) requires a patient to repeatedly screw and unscrew bolts in a sagitta} plane oriented plate

"1ybuAdoo|A
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0l

positioned at eye-level using both arms”. More complete description at htﬁs://srs-

mcmaster.ca/wp-content/uploads/2015/04/FIT-HaNSAProtocol April2007§)df
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Abstract
Objectives: The purpose of this systematic review is to identify and synthesize studies evaluating
performance-based functional outcome measures designed to evaluate the functional abilities of
patients with neck pain.
Design: Systematic review
Data Sources: A literature search using PubMed, Scopus, CINAHL, EMBASE, COCHRANE,
Google Scholar, and a citation mapping strategy was conducted till July 2019
Eligibility criteria: More than half of the study’s patient population had neck pain or a
musculoskeletal neck disorder and completed a functional-based test. Clinimetric properties of at
least one performance-based functional tests were reported. Both traumatic and non-traumatic
origins of neck pain were considered.
Data extraction and synthesis: Relevant data were then extracted from selected articles using an
extraction guide. Selected articles were appraised using the Quality Appraisal for Clinical
Measurement Research Reports Evaluation Form (QACMRR).
Results: The search obtained 12 articles which reported on 4 outcome measures (Functional
Capacity Evaluations (FCE), Baltimore Therapeutic Equipment Work Simulator IT (BTEWS 1I),
Functional Impairment Test- Hand and Neck/Shoulder/Arm (FIT-HaNSA)) and a physiotherapy
test package, to assess the functional abilities in patients with mechanical neck pain. Of the selected
papers: 1 reports content validity, 5 construct validity, 4 reliability, 1 sensitivity to change, and 1
both reliability and construct validity. QACMRR scores ranged from 68% to 95%.

Conclusions: This review found very good quality evidence that the FIT-HaNSA has
excellent inter and intra-rater reliability and very weak to weak convergent validity. Excellent

quality evidence of fair test-retest reliability, weak convergent validity, and very weak known
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groups validity for the BTEWS Il test was found. Good to excellent quality evidence exists that an
FCE battery has poor to excellent reliability and very weak to strong validity. Good to excellent
quality of weak to strong validity and trivial to strong effect sizes were found for a physiotherapy
test package.

Prospero registration: CRD42018112358

Strengths and limitations of this study
e The psychometric properties of performance outcome measures for neck pain were
synthesized and critically appraised
o This study assessed the risk of bias and the quality of measurements properties

e The feasibility or usability of these tools was not assessed

Introduction

Neck pain has been associated with high disability and is regarded as a substantial societal
burden.[1] Approximately 70% of people experience neck pain within their lifetime and about 33%
of adults experience neck pain every year.[2,3] Further concern is warranted as it has been
suggested that the incidence of neck pain is increasing.[4—6] The economic burden due to neck
disorders is high, including lost wages, costs of treatment, and compensation expenditures to
injured people.[7,8] Neck pain is second only to low back pain in annual workers’ compensation
costs in the United States and has been associated with many other comorbidities such as

headaches, anxiety, depression, back pain and arthralgias.[6,9,10]

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 61

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

Page 5 of 61

oNOYTULT D WN =

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

BMJ Open

Outcome measures are a crucial component in monitoring patients with neck pain to
determine the effects of treatment[11,12], evaluation of interventions, guiding return to work, and
justifying treatment.[13,14] Several self-reported outcome measures currently exist to assess
disability and function in those with neck pain (e.g. the Neck Disability Index - NDI). [13]
Evidence-based clinical practice guidelines suggest that measures assessing physical performance
should also be used for people with neck pain.[15] Performance-based testing is where the
assessment is based on actual performance of a task or activity. Physical performance can be
assessed by testing a person’s ability to execute a standardized activity in a standardized
environment (i.e. clinical setting).[16] Time to complete the activity, number of repetitions
performed, and weight lifted are frequently used to quantify the physical performance.[17]
Conversely, self-report measures examine patients’ perception and experience of their ability to
perform functional tasks. [16] Previous research has demonstrated poor to fair relationships
between physical performance and self-report measures of ability in patients with various
musculoskeletal disorders suggesting that these measures assess different constructs of function.
[17,18] Consequently, physical performance tests and self-report measures complement each other
and may each contribute unique information about a patient’s function. [19]

A fundamental component of monitoring outcomes is having reliable and valid tools with
known measurement properties.[13,20] While recent research has investigated the psychometric
properties of patient-reported outcomes in people with neck pain [13,21] there is a gap in
knowledge with respect to performance-based functional outcomes. The purpose of this systematic
review was to identify and synthesize clinical measurement studies that evaluate measurement

properties of performance-based functional tests in patients with neck disorders.
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METHODS
Patient and Public Involvement

There was no patient or public involvement in the design or planning of this study.

Study Design and Protocol Registration
We conducted a systematic review to evaluate the psychometric properties of performance-
based functional tests for people with mechanical neck disorders. The protocol was registered in

PROSPERO register with registration number CRD42018112358.

Search Strategy

A database search using CINAHL, PubMed, Scopus and Google Scholar was performed
to identify articles published till July 2019. The following search strategy was used to search all
databases for eligible studies: (Reliability OR validity OR responsiveness OR calibration OR
validation) OR (minimal detectable change) OR (clinically important difference) OR
(psychometric properties) AND cervical OR neck OR c-spine AND (performance measure) OR
(functional test) OR (functional outcome) OR (performance outcome). MeSH terms were searched
in PubMed. A citation map of articles and systematic reviews selected for the full-text review was
performed. This strategy was included to minimize the risk of publication bias. The full search
strategy is summarized in APPENDIX 1. The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) process[22] was followed to ensure all appropriate steps were taken

in the selection process (FIGURE 1).

Inclusion Criteria

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 61

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

Page 7 of 61

oNOYTULT D WN =

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

BMJ Open

Articles were included in the final review if all of the following criteria were met:
e >50% of the study’s patient population had neck pain or a musculoskeletal neck disorder
(e.g. whiplash associated disorder (WAD 1))
e Patients in the study completed a functional-based test
e Clinometric properties of at least one performance-based test were reported.
A test was considered functional-based if it met the following criteria:
e assessment of a patient’s ability to execute a standardized activity in a standardized
environment
e tests assessing muscular endurance (e.g. cervical flexion test) or proprioception were not
deemed functional-based as they are often not reflective of physical working conditions.
Both traumatic and non-traumatic origins of neck pain were considered. Definitions for the

properties can be found in APPENDIX A.

Article Selection

Titles and abstracts generated by the search strategy were screened by two authors (SM
and PB) independently. Articles that met the inclusion criteria and selected for a full text review
were also reviewed in pairs of authors. Disagreements were resolved by the most experienced

author (JCM)

Data Extraction
Data extraction and critical appraisal was performed in pairs of two raters among the authors, after
the completion of a calibration session in which the most experienced author (JCM) reviewed the

data extraction tools with the authors that performed the data extraction. When reviewers disagreed
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during data extraction and/or critical appraisal, and consensus could not be met, a third author
arbitrated. A data extraction form [23] (APPENDIX A and APPENDIX B), developed by one of
the authors (JCM.), was used to ensure systematicity. Authors extracted sample size, patient
population characteristics, functional tests performed and reported psychometric properties. The
interpretation of ICC was as follows: ICC <0.50 indicating poor, 0.50 <ICC <0.75 indicating
moderate, 0.75<ICC <0.9 indicating good, and ICC > 0.9 indicating excellent reliability were used
as a common benchmark. [24] For validity estimates, correlation coefficient (Pearson’s/Spearman)
and the 95% confidence intervals were extracted if were available. [23,25] Evan’s guidelines to
interpret the strength of the correlation was used which included: 0.00-0.19 “very weak”, 0.20—
0.39 “weak”, 0.40-0.59 “moderate”, 0.60—0.79 “strong”, and 0.80—1.00 “very strong”.[26] To
assist clinical decision making, standard benchmark scores of trivial (< 0.20), small (> 0.20 to <
0.50), moderate (> 0.50 to < 0.80) or large (> 0.80), as proposed by Cohen, were used. [27] For
studies assessing construct validity specifically, results in accordance with pre-defined hypotheses

were evaluated to interpret the findings.

Quality Appraisal for Clinical Measurement Research Reports Evaluation Form

Pairs of authors critically appraised the quality of each study using a standardized 12-item
evaluation tool (QACMRR) designed to assess the quality of studies determining measurement
properties in outcome measures (APPENDIX C). If disagreement was present a third person (JM)
assist in resolving the discrepancy. [23] This tool has been found to have moderate to excellent

pre-consensus inter-rater reliability (ICC: 0.69-0.91, k = 0.62-1.00) across a number of systematic

reviews.[23,25,28] The evaluation criteria of this tool included twelve items: 1) Thorough
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literature review to define the research question; 2) Specific inclusion/exclusion criteria; 3)
Specific hypotheses; 4) Appropriate scope of psychometric properties; 5) Sample size; 6) Follow-
up; 7) The authors referenced specific procedures for administration, scoring, and interpretation of
procedures; 8) Measurement techniques were standardized; 9) Data were presented for each
hypothesis; 10) Appropriate statistics-point estimates; 11) Appropriate statistical error estimates;
and 12) Valid conclusions and recommendations. [23,25] Each item is scored from 0 to 2 with
(score=2) is the best; (score=1) is acceptable but suboptimal; (score=0) is not done/documented,
substantially inadequate or inappropriate. An article’s total score — quality - was calculated by the
sum of scores for each item, divided by the numbers of items and multiplied by 100%. [23,25]
Overall, the quality summary of appraised articles ranges from (0%-30%) Poor, (31%-50%) Fair,

(51%-70%) Good, (71%-90%) Very Good, and (>90%) Excellent

RESULTS

The search strategy resulted in 840 published articles. After duplications were removed, 31
articles were deemed relevant and were screened at full text. Overall, 12 articles met our inclusion
criteria (FIGURE 1). The excluded articles were removed due to inappropriate patient
populations, investigations into self-report measures or tests assessing proprioception/muscular
endurance rather than functional-based measures, or because the articles were found to be
systematic reviews. The characteristics of the included studies and the summary of psychometric
properties are presented in TABLE 1. The quality assessment is summarized and presented in

TABLE 2. Percent agreement was calculated for quality scores between the 2 raters and it was

90%.
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Participants

Participants in the selected articles had various types of neck pain including subacute,
chronic, and whiplash-associated disorder. The mean/median age of the samples of each study
ranged from 30 to 48 years of age. The proportion of females in each article ranged from 34-78%
of the study population. Two studies that had a mixed sample of subjects with various spinal pain
did not report the demographics of the neck pain portion of their sample. One study did not contain
any subjects and performed a review of epidemiological literature to establish content validity for

work-related neck disorders TABLE 1.

Functional-Based Tests

The 12 articles that were included for review provided properties on the following
functional based tests: Functional Capacity Evaluations (FCE)[29-34], The Baltimore Therapeutic
Equipment Work Simulator II (BTEWS II) [35], Functional Impairment Test- Hand and
Neck/Shoulder/Arm (FIT-HaNSA) [36], as well as items off of a physiotherapy test package
including a cervical and lumbar Progressive Isoinertial Lifting Evaluation (PILE-C, PILE-L) test
[37-40] and 2 x 20 m with burden walking test (2x20M-WWB) [37-40]. Descriptions of all

functional-based tests and their relevant subtasks are provided in APPENDIX D.

Functional Capacity Evaluations (FCE)
Six articles reported measurement properties for an FCE battery. We identified multiple
versions of the FCE in the literature with one article reporting properties on the Workwell FCE

[30], two reporting on the Whiplash Associated Disorder (WAD) FCE [29,31] and three reporting
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on the neck-FCE.[32—-34] These test batteries include various combinations of muscular strength,
endurance and functional based tests. The measurement properties of the functional based tests

used by the FCE are outlined in TABLE 3.

Individuals with Sub-acute to chronic WAD

Trippolini et al. (2014)[30] evaluated the Workwell FCE test-retest reliability,
measurement error, convergent validity and predictive criterion validity of future work capacity in
workers diagnosed with WAD I or II. Interclass Correlation Coefficients (ICC) ranged from 0.66
to 0.96 (moderate to excellent). Limits of agreement relative to mean performance ranged from 21
to 57% for functional based sub-tests. Correlations between FCE sub scores and baseline work
capacity were very weak to weak ranging between r=0.06 and r=0.39. FCE sub scores did not
predict future work capacity at 1, 3, 6 and 12 months.

Trippolini et al. (2015)[29] assessed the WAD FCE (31) and evaluated convergent validity
and known-groups validity. FCE subscales showed very weak to strong correlations (0.15-0.68)
with each of: pain, self-reported functional ability, self-reported disability, anxiety and depression.
It was found that the FCE had known-group sex validity (males vs females) for 1 of 3 functional
subtests (lifting waist-overhead) and reported significant performance differences between culture
groups (German vs non-German language groups). To test construct validity, 29 a priori
formulated hypotheses were tested, 4 related to gender differences, 20 related associations with
other constructs, 5 related to cultural differences. In total 23 out of 29 hypotheses were confirmed

(79 %).

Work-Related Neck Disorders
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Reesink et al. (2007)[34] developed an independent FCE for patients with musculoskeletal
neck disorders (neck FCE). They performed a review of epidemiological literature and identified
four physical risk factors for work-related neck disorders and used that information to develop an
FCE consisting of eight functional-based tests. Content validity was established by following
operational definitions of the risk factors when searching the literature and using current literature

to provide a rationale to guide their development of the tasks comprising the FCE.

Chronic Neck Pain

Reneman et al. (2017)[32] measured test-retest reliability of the subscales of the neck FCE
in patients with multifactorial neck pain. Test-retest ICC’s ranged from poor to excellent (0.39-
0.96). Limits of agreement relative to mean performance range from 32.0% to 56.5% for functional
based sub tests. Convergent validity was performed against the Neck Disability Index (NDI) items
and total score.[33] The authors found weak to strong Pearson correlations (0.39-0.70) for the FCE

sub scores to both NDI individual items and the NDI total score.

The Baltimore Therapeutic Equipment Work Simulator II (BTEWS II)
Chronic Neck Pain

Lomond and Coété, (2011)[35] reported on the reliability, measurement error, minimum
detectable change (MDC) and validity of the power output (PO) task during the BTEWS II test in
patients with chronic neck and shoulder pain (TABLE 4). Test-retest reliability, measured with
Spearman Rank correlations and ICC’s was moderate and measured at p=0.37 and ICC,; = 0.54,
respectively. The standard error of measurement (SEM) and the minimal detectable change at 90%

confidence (MDCyy) for the PO task were measured as 30.25 and 70.59, respectively. Weak
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Spearman Rank correlations between the PO task and the NDI, Shoulder Pain and Disability Index
(SPADI) and Numeric Rating Scale (NRS) for pain tests were recorded. There were no significant

performance differences between control and pain groups for the PO task.

Functional Impairment Test- Hand and Neck/Shoulder/Arm (Fit-HaNSA)
Sub-acute to chronic WAD

Pierrynowski et al. (2016)[36] reported on the reliability, measurement error, MDC and
validity of the Fit-HaNSA test in a sample of people with WAD II following motor vehicle
collision (MVC) (TABLE 5). Intra-rater reliability ICC’s for patient subtask and total scores were
moderate to good ranging between 0.70-0.78. [36] Inter-rater reliability ICC’s for patient subtask
and total scores were moderate to good and ranged between 0.54-0.84. [36] The Bland and Altman
plot for the patient group showed a 26 seconds (s) bias in terms of improved performance on the
second test (possible learning effect). The standard deviation of difference was 124 s and 95%
Limits of Agreement (LoAgs) was 248 seconds. [36] The SEM for people with WAD II was
reported to be 76 s. The MDCy, was measured as 176 s. [36]

Spearman rank correlations were also calculated between the Fit-HANSA, Numeric Pain
Rating Scale (NPRS), NDI, the disabilities of arm, hand and shoulder (DASH) and 6 cervical range
of motion measures. Most (59 of 78) of the correlations between performance and comparator
measures were very weak to weak (r=<0.4). [36] All correlations between total Fit-HaNSA scores
and subtask scores had good correlations (r=<0.75), except for Task 1-Task 3. [36] Significant
performance differences between WAD II and control groups (known group validity) were

recorded for the total Fit-HaNSA score and all 3 subtask scores. [36]
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Physiotherapy Test Package Subtests

Ljungquist et al. published a series of articles[37—40] which evaluated the clinimetric
properties of a physiotherapy test package for patients with spinal pain (TABLE 6). This
package included muscular strength & endurance tests, submaximal endurance tests, and three
functional tests. These functional tests included the PILE-C, PILE-L, and 2x20M-WWB test.
Ljungquist’s series of articles reported on convergent validity, known-groups validity, reliability,

measurement error and sensitivity to change for these tests. [37—40]

Undetermined duration of neck pain

In a 1999 article [39], correlations between the tests of the package and pain (CR-10) and
perceived exertion (Borg RPE) were determined. All correlations were very weak to moderate
(0.10-0.48) except for moderate to strong correlations (0.55-0.65) between the PILE-C test and
pain intensity and between 2x20M-WWB test and pain intensity.
In a 2003 article[37], the PILE-C, PILE-L and 2x20M-WWB tests were tested to determine their
ability to discriminate between known-groups (neck pain vs back pain). Subjects with spinal pain
completed the CR-10, the University of Alabama Pain Behavior scale (UAB) and the Borg RPE
test. Specific cut points were used to distinguish patients with high vs. low pain intensity, high
vs. low pain behavior, and high vs. low perceived exertion in patients, respectively. Participants
then completed the test package and it was determined if each subtest could discriminate
between participants with high vs. low pain intensity. The PILE-C and the 2x20M-WWB tests
were hypothesized to be more difficult for persons with neck pain and the PILE-L was
hypothesized to be more difficult for persons with back pain. Subjects with neck pain performed

worse on the PILE-C test compared to those with back pain. Subjects with back pain did not
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perform worse than those with neck pain on the PILE-L test and subjects with back pain
performed worse on the 2x20M-WWB test.
The functional tests were able to discriminate between all 3 subgroups with the exception of the
PILE-C being unable to discriminate between participants with high vs. low perceived exertion.
In a paper from 1999[39], the PILE-C, PILE-L and 2x20M-WWB tests were found to have
significant discriminative abilities in distinguishing healthy subjects from patients with spinal pain.
The sensitivity and specificity for this known group discrimination for the PILE-C test, were
reported to be 0.93 (very strong) and 0.69 (strong), respectively. The sensitivity and specificity for
the PILE-L test were reported to be 0.85 (very strong) and 0.65 (strong), respectively.

The inter and intra rater reliability were tested on participants with spinal pain.[38] Limits
of agreement were used to measure inter rater reliability and repeatability, defined as 2x the within-
subject standard deviation of each variable. Interrater agreement for 2 tests was deemed
“acceptable”, while all 3 functional tests had “clinically acceptable” intra-rater reliability.

Sensitivity-to-change was evaluated in the test package following 6 months of a
physiotherapy intervention. Using ROC curves, Wilcoxon sign ranked tests and spearman
correlation coefficients, only the 2x20m-WWB test and the PILE-C (women only) were deemed
to be sensitive to change. [40] Additionally, moderate to large effect sizes were found for all test

components.

DISCUSSION
This study synthesized 12 studies assessing clinometric properties of 4 different functional-
based assessments. Given the limited number of studies, the substantial variation in the types of

tests examined, the methods used to assess the clinical measurement properties, and the study
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populations, the current state of knowledge does not allow firm conclusions regarding
recommendations for an optimal functional-based test at this time. Overall, the quality ranging
from good to excellent (67-92%,) as determined by the QACMRR, for a range of properties of the
4 different assessments in patients with acute or chronic neck pain that is musculoskeletal in origin.
Studies obtaining higher percentages indicate research that has been consistent with best practice
where studies with lower percentages are more likely to be inadequate or inappropriate
FCE

The breadth of a functional-based test is variable and defined by the developers. An
advantage of the functional assessment designed by Reesink et al.[34] is that they mapped the
eight subtests to risk factors identified in the literature for work-related neck disorders. The eight
subtests consist of: material handling tasks, lifting floor to waist, overhead lift test, one-handed
and two-handed carrying, overhead working, repetitive reaching, overhead lifting, and repetitive
bending and overhead reaching. Given the systematic approach and rationale these authors used
in developing the FCE and this approach being used in previous research [41], we suggest that
this test has strong content validity.

Six articles address the clinical measurement properties of this FCE ranging from good to
excellent quality (67-92%). There was evidence that the FCE was stable over test-retest time of
7-14 days. [31,32] These measures demonstrate longer stability over time compared to self-report
measures such as the Neck Disability Index (NDI) which has demonstrated test-retest reliability
within only a short period of 0-3 days. [28] Whether this longer-term stability is a characteristic of
functional-based tests or reflects differences in study populations in context requires further
testing. These two studies had relatively lower quality scores on the QACMRR (67-75%)

compared to other studies in this review putting into question test-retest time. Although test-retest
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reliability has been assessed, inter-rater and intra-rater reliability has yet to be researched. Unlike
self-report measures, we expect measurement error due to the evaluator and functional-based tests.
Thus, future research should explore these aspects of reliability.

Convergent validity is often examined in clinical measurement studies. We suggest that
this may be because these comparisons are easily performed by correlating different tests rather
than providing strong confidence in the validity of the measurement. Often convenient
comparisons are performed rather than those most relevant. Across many domains and measures
it has become clear that the relationship between self-reported function and performance-based
function or physical impairment is often very weak to moderate. Therefore, the value of assessment
of these relationships as a form of validation has limited value. Several studies of very good to
excellent quality have reported on the convergent validity of the FCE. [29,30,33] The highest
quality article determined by the QACMRR (92%) found the relationship between the FCE and
work capacity to be poorly associated with one another. [30] The same study found that the ability
of the FCE to predict future work capacity was poor. This may be considered a more important
comparison since ideally functional-based tests would relate to important outcomes like return to
work. No studies to our knowledge report the responsiveness or sensitivity to change of the FCE.
This is an important gap since the focus of rehabilitation is often to remediate limitations in goal
impairments or work capacity, and assessment of these changes is critical to clinical decision-
making and reporting outcomes. Thus, future research should evaluate the responsiveness of the
FCE to provide insight in the measure’s ability to detect change after an intervention.
FIT-HaNSA

One study of very good quality (88%) assessed the FIT-HaNSA, a test consisting of two

reaching tasks (waist and eye-level) and sustained overhead task performance. [36] Overall, the
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FIT-HaNSA demonstrated excellent inter-rater reliability (0.84) and intra-rater reliability (0.78).
The specific subtests included within the FIT-HaNSA similarly demonstrate fair to excellent (0.54-
0.80) and good (0.70-0.72) inter-rater and intra-rater reliability respectively. The FIT-HaNSA also
demonstrated a clear ability to distinguish between people with WAD 2 and healthy controls.
Correlations between the FIT-HaNSA and other patient self-report disability and functional
outcome measures (NPRS, NDI, DASH, CROM and FIT-HaNSA) were generally very weak to
weak (p <0.4), consistent with other studies comparing performance and self-report. [17,18] The
largest limitation in critically synthesizing information for this test is that only a single study was
found that reported the measurement properties for people with neck disorders. It should be noted
however that it has been validated in other MSK disorders. [35,41] Although others have noted
the lag in development of functional-based measures in comparison to self-report measures, FIT-
HaNSA was recommended as a functional-based measure for people with shoulder disorders. [42]
Further research is necessary to investigate the responsiveness of the FIT-HaNSA.
BTEWS 11

Another study of very good quality (88%) assessed the efficacy of the BTEWS II where
the participants performed a dynamic pushing and pulling task in which power output was recorded
over a 10 second sample.[35] While the convergent validity aspect of this paper was assessed as
consistent with best practice through the critical appraisal process, the relationship between the
power output on the BTEWS and measures of pain and disability (NDI, SPADI, NRS) were poorly
associated with each other. In addition, the power output component was not found to be
significantly different between people with neck pain and healthy controls which suggests it might
not be discriminative. Discrimination between patients and healthy controls is a low standard for

an outcome measure, and tests that cannot fulfil this benchmark should be viewed with caution.
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Because of the weak measurement properties demonstrated by the power output component of the
BTEWS 11, it does not appear to be a desirable functional-based measure to assess function in
people with neck pain. However, we acknowledge for all of the functional-based tests the evidence
pool is so shallow that there is high potential that future studies might lead to different conclusions.
Future research should also investigate the reliability and responsiveness of the BTEWS I1.
Physiotherapy Test Package Subtests

Four studies ranging from good to very good quality (68-82%) assessed relevant items
from a physiotherapy test package, including a lift from floor-to-waist and a waist-to-shoulder task
and a two-handed carrying task. The properties of these assessment items include weak to
moderate correlations to pain, perceived exertion, and had “fair to good” reliability. The 2x20m-
WWRB and PILE-C tests were found to be sensitive-to-change which is valuable information as no
other study has assessed this property in functional-based measures in patients with neck disorders.
Thus, this measure may be of value in clinical settings when assessing functional capacity before
and after a treatment intervention. All tests had discriminative ability for detecting participants
with spinal pain vs healthy controls. Most of the three tests demonstrated poor construct validity
in that they were poorly related to pain and perceived exertion and the results were not in
accordance with pre-defined hypotheses. Thus, further research is necessary to investigate these
constructs. Three of the four results from the studies assessing the physiotherapy test package had
a mixed sample of patients with various pain sites including back pain. While the majority of each
cohort in these studies had neck pain, careful consideration should be taken to apply these tests to
a neck pain specific population.

Clinical Implications
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This study confirms that functional-based tests have had far less development and
evaluation than self-report measures. Limitations include the number of tests and insufficient body
of evidence to make confident recommendations with respect to functional-based testing. It is clear
that self-report and functional-based measures provide different perspectives. Theoretically,
functional-based tests are important to inform our understanding about the mechanisms of
intervention and how interventions increase capacity. Future research may benefit by also
comparing results from a functional-based measure to work capacity to when assessing construct
validity. Overall more work is required to further establish the psychometric properties of
functional-based tests in persons with neck disorders, including sensitivity-to-change,
responsiveness, and predictive validity.

The FCE evaluated patients with neck pain of varying origin including WAD, work-related
neck disorders, and chronic idiopathic neck pain. The BTEWs II evaluated functional capacity in
patients with chronic neck pain, the FIT-HaNSA evaluated patients with WAD, and the
physiotherapy test package did not specify the origin of musculoskeletal neck pain in their cohort.
Thus, specific functional-based measures may be more applicable depending on the origin of the
musculoskeletal neck pain being assessed.

The data presented suggest that the FIT-HaNSA has the strongest clinometric properties
though this is based on a single higher quality paper specific to neck disorder. [36] Importantly,
normative data have been published [43], it has been validated in multiple studies in patients with
shoulder conditions [44—46] and has been recommended when compared to other measures [42].
The FCE has a limited evidence base from which to draw, though it was developed with strong
content validity and further evaluation may demonstrate its usefulness.

Limitations
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A challenge in synthesizing clinical measurement evidence is the wide range of properties
and indicators that need to be considered. Unlike effectiveness studies where one can focus on the
effect size of treatment there are many considerations that would affect the recommendations made
about outcome measures. This is further complicated when the pool of evidence is shallow.
Although the quality assessment tool (QACMRR) developed by one of the authors of this review
which assess the quality of design of individual studies were useful for interpreting the evidentiary
pool, there is no clear method to synthesize the extracted clinical measurement evidence. While
some systematic reviews on treatment might only report findings from high-quality studies, it is
important to see how outcome measures perform in different contexts. Further, the assessment of
quality is complicated given that clinical measurement studies have so many dimensions.
Therefore, exclusion of lower quality studies has questionable value. Thus, a more practical
approach is to consider quality when interpreting the findings, rather than excluding studies.

The QACMRR focuses on whether the authors made appropriate decisions in selecting the
scope and methods of their clinical measurement evaluations within a given study and provides
descriptors of poor fair or good design options. Quality focuses on issues that might affect risk of
bias or imprecision in estimates; whereas risk of bias assessments focusses on items that might
result in a biased estimate. For example, insufficient power is a precision (quality) issue, not a risk
of bias. Although it is difficult to interpret the meaning of the percentage of the QACMRR as there
are no established cut-offs for distinguishing good and poor-quality studies, it provides one way
of ranking the articles in order of quality. We did not use COSMIN checklist since it was developed
for PROMS and some of the components/steps that involved are not applicable to performance-

based tests.
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Another limitation in this review was that the feasibility or usability of these tools was not
assessed. While feasibility was not the focus of this review, information on the practical
application of these functional-based measures provides valuable information to clinicians for
determining whether these tests are appropriate to use in their given setting. Thus, future research
should not only investigate further the psychometric properties of these tools, but also report the
feasibility of using these tests so that they may be used in clinical settings and to identify

limitations that restrict their application in practice.

CONCLUSION

This review found very good quality evidence that the FIT-HaNSA has excellent inter and
intra-rater reliability and very weak to weak convergent validity. Excellent quality evidence of fair
test-retest reliability, weak convergent validity, and very weak known groups validity for the
BTEWS II test was found. Good to excellent quality evidence exists that an FCE battery has poor
to excellent reliability and very weak to strong validity. Good to excellent quality of weak to strong
validity and trivial to strong effect sizes were found for a physiotherapy test package. Functional-
based evaluation in people with neck disorders is an area needing much research attention both to
establish the measurement properties of existing measures, potentially to develop innovative new
measures and to perform head-to-head comparisons of measures before an optimal functional-

based test can be identified.

Authors' contributions
SM contributed significantly to conception and design of the study, data extraction, critical
appraisal, interpretation of data and drafting of the manuscript. TS, TA, PB, and CC were involved

in literature search, critical appraisal and interpretation of data and drafting. AG was involved in

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 61

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

Page 23 of 61

oNOYTULT D WN =

519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

539

540

541

542

543

544

545

546

BMJ Open

critical appraisal and drafting. JM was also involved in the conception and design of the study,
drafting, and revised the manuscript for important intellectual content. PB and CATWAD were
involved in the drafting and review of the manuscript. All authors have given their final approval

on the manuscript to be published

Declarations
Ethics approval and consent to participate

Not applicable

Consent for publication

Not applicable

Availability of data and material
Data sharing is not applicable to this article as no datasets were generated or analyzed during the

current study

Funding Statement
This work was supported by the Canadian Institutes of Health Research (CIHR) with funding
reference number (FRN: SCA-145102).

Competing Interest Statement

None to report.

References

1 Carroll LJ, Hogg-Johnson S, van der Velde G, ef al. Course and Prognostic Factors for
Neck Pain in the General Population. Results of the Bone and Joint Decade 2000-2010
Task Force on Neck Pain and Its Associated Disorders. J Manipulative Physiol Ther

Published Online First: 2009. doi:10.1016/j.jmpt.2008.11.013

23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

BMJ Open

Croft PR, Lewis M, Papageorgiou AC, et al. Risk factors for neck pain: A longitudinal
study in the general population. Pain Published Online First: 2001. doi:10.1016/S0304-
3959(01)00334-7

Vos T, Allen C, Arora M, et al. Global, regional, and national incidence, prevalence, and
years lived with disability for 310 diseases and injuries, 1990-2015: a systematic analysis
for the Global Burden of Disease Study 2015. Lancet Published Online First: 2016.
doi:10.1016/S0140-6736(16)31678-6

Blanpied PR, Gross AR, Elliott JM, et al. Neck Pain: Revision 2017. J Orthop Sport Phys
Ther Published Online First: 2017. doi:10.2519/jospt.2017.0302

Nygren A, Berglund A, von Koch M. Neck-and-shoulder pain, an increasing problem.
Strategies for using insurance material to follow trends. Scand J Rehabil Med Supp!
1995;32:107—12.http://www.ncbi.nlm.nih.gov/pubmed/7784832 (accessed 19 Jul 2018).
Wright A, Mayer TG, Gatchel RJ. Outcomes of disabling cervical spine disorders in
compensation injuries: A prospective comparison to tertiary rehabilitation response for
chronic lumbar spinal disorders. Spine (Phila Pa 1976) Published Online First: 1999.
doi:10.1097/00007632-199901150-00020

Rempel DM, Harrison RJ, Barnhart S. Work-Related Cumulative Trauma Disorders of the
Upper Extremity. JAMA J Am Med Assoc Published Online First: 1992.
doi:10.1001/jama.1992.03480060084035

Borghouts JAJ, Koes BW, Vondeling H, et al. Cost-of-illness of neck pain in The
Netherlands in 1996. Pain Published Online First: 1999. doi:10.1016/S0304-
3959(98)00268-1

Hogg-Johnson S, van der Velde G, Carroll LJ, ef al. The Burden and Determinants of

24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 61

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

Page 25 of 61

oNOYTULT D WN =

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

10

11

12

13

14

15

BMJ Open

Neck Pain in the General Population. Results of the Bone and Joint Decade 2000-2010
Task Force on Neck Pain and Its Associated Disorders. J Manipulative Physiol Ther
Published Online First: 2009. doi:10.1016/j.jmpt.2008.11.010

Bobos P, Nazari G, Palimeris S, et al. The contribution of health and psychological factors
in patients with chronic neck pain and disability: A cross-sectional study. J Clin
Diagnostic Res Published Online First: 2018. doi:10.7860/JCDR/2018/31284.11203
Bobos P, Billis E, Papanikolaou D-T, ef al. Does Deep Cervical Flexor Muscle Training
Affect Pain Pressure Thresholds of Myofascial Trigger Points in Patients with Chronic
Neck Pain? A Prospective Randomized Controlled Trial. Rehabil Res Pract Published
Online First: 2016. doi:10.1155/2016/6480826

Nazari G, Bobos P, Billis E, et al. Cervical flexor muscle training reduces pain, anxiety,
and depression levels in patients with chronic neck pain by a clinically important amount:
A prospective cohort study. Physiother Res Int 2018;23. doi:10.1002/pri.1712

Bobos P, MacDermid JC, Walton DM, et al. Patient-Reported Outcome Measures Used
for Neck Disorders: An Overview of Systematic Reviews. J Orthop Sport Phys Ther
2018;48:1-76. doi:10.2519/jospt.2018.8131

Macdermid JC, Walton DM, Bobos P, et al. The Open Orthopaedics Journal A Qualitative
Description of Chronic Neck Pain has Implications for Outcome Assessment and
Classification. Open Orthop J 2016;10:746-56. do0i:10.2174/1874325001610010746
Childs JD, Cleland JA, Elliott JM, et al. Neck pain: Clinical practice guidelines linked to
the international classification of functioning, disability, and health from the orthopaedic
section of the american physical therapy association. J. Orthop. Sports Phys. Ther. 2008.

doi:10.2519/jospt.2008.0303

25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

16

17

18

19

20

21

22

23

24

BMJ Open

Kay TM, Huijbregts M. Physical Rehabilitation Outcome Measures: A Guide to Enhanced
Clinical Decision Making, Second Edition. Physiother Canada Published Online First:
2003. doi:10.2310/6640.2003.35271

Simmonds MJ, Olson SL, Jones S, ef al. Psychometric characteristics and clinical
usefulness of physical performance tests in patients with low back pain. Spine (Phila Pa
1976) Published Online First: 1998. doi:10.1097/00007632-199811150-00011

Stratford PW, Kennedy D, Pagura SMC, ef al. The relationship between self-report and
performance-related measures: questioning the content validity of timed tests. Arthritis
Rheum 2003;49:535-40. doi:10.1002/art.11196

Novy DM, Simmonds MJ, Lee CE. Physical performance tasks: what are the underlying
constructs? Arch Phys Med Rehabil 2002;83:44—
7.http://www.ncbi.nlm.nih.gov/pubmed/11782832 (accessed 19 Jul 2018).

MacDermid JC, Stratford P. Applying evidence on outcome measures to hand therapy
practice. J Hand Ther Published Online First: 2004. doi:10.1197/j.jht.2004.02.005
Alreni ASE, Harrop D, Lowe A, et al. Measures of upper limb function for people with
neck pain. A systematic review of measurement and practical properties. Musculoskelet
Sci Pract 2017;29:155-63. doi:10.1016/.msksp.2017.02.004

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev Published Online
First: 2015. doi:10.1186/2046-4053-4-1

Law MC, MacDermid J. Evidence-based rehabilitation : a guide to practice. Thorofare,
NJ: : Slack Incorporated 2014.

Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correlation

26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 61

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

Page 27 of 61

oNOYTULT D WN =

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

25

26

27

28

29

30

31

32

BMJ Open

Coefficients for Reliability Research. J Chiropr Med 2016;15:155-63.
doi:10.1016/j.jcm.2016.02.012

Roy JS, Desmeules F, MacDermid JC. Psychometric properties of presenteeism scales for
musculoskeletal disorders: A systematic review. J Rehabil Med Published Online First:
2011. doi:10.2340/16501977-0643

Divaris K, Vann WF, Baker AD, et al. Examining the accuracy of caregivers’ assessments
of young children’s oral health status. J Am Dent Assoc 2012;143:1237-47.
doi:10.14219/jada.archive.2012.0071

Cohen J. Statistical power analysis for the behavioral sciences. Stat. Power Anal. Behav.
Sci. 1988. doi:10.1234/12345678

MacDermid JC, Walton DM, Avery S, et al. Measurement properties of the neck
disability index: a systematic review. J Orthop Sports Phys Ther 2009;39:400—17.
doi:10.2519/jospt.2009.2930

Trippolini MA, Dijkstra PU, Geertzen JHB, et al. Construct Validity of Functional
Capacity Evaluation in Patients with Whiplash-Associated Disorders. J Occup Rehabil
2015;25:481-92. doi:10.1007/s10926-014-9555-0

Trippolini MA, Dijkstra PU, C6té P, et al. Can functional capacity tests predict future
work capacity in patients with whiplash-associated disorders? Arch Phys Med Rehabil
2014;95:2357-66. doi:10.1016/j.apmr.2014.07.406

Trippolini MA, Reneman MF, Jansen B, et al. Reliability and safety of functional capacity
evaluation in patients with whiplash associated disorders. J Occup Rehabil 2013;23:381—
90. doi:10.1007/s10926-012-9403-z

Reneman MF, Roelofs M, Schiphorst Preuper HR. Reliability and Agreement of Neck

27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

33

34

35

36

37

38

39

BMJ Open

Functional Capacity Evaluation Tests in Patients With Chronic Multifactorial Neck Pain.
Arch Phys Med Rehabil 2017;98:1476-9. doi:10.1016/j.apmr.2016.12.005

van der Meer S, Reneman MF, Verhoeven J, et al. Relationship between self-reported
disability and functional capacity in patients with whiplash associated disorder. J Occup
Rehabil 2014;24:419-24. doi:10.1007/s10926-013-9473-6

Reesink DD, Jorritsma W, Reneman MF. Basis for a functional capacity evaluation
methodology for patients with work-related neck disorders. J Occup Rehabil
2007;17:436—49. doi:10.1007/s10926-007-9086-z

Lomond K V, Cété JN. Shoulder functional assessments in persons with chronic
neck/shoulder pain and healthy subjects: Reliability and effects of movement repetition.
Work 2011;38:169—-80. doi:10.3233/WOR-2011-1119

Pierrynowski M, McPhee C, P Mehta S, et al. Intra and Inter-Rater Reliability and
Convergent Validity of FIT-HaNSA in Individuals with Grade IT Whiplash Associated
Disorder. Open Orthop J 2016;10:179—89. doi:10.2174/1874325001610010179
Ljungquist T, Jensen IB, Nygren A, et al. Physical performance tests for people with long-
term spinal pain: aspects of construct validity. J Rehabil Med 2003;35:69—

75 .http://www.ncbi.nlm.nih.gov/pubmed/12691336 (accessed 11 Jul 2018).

Ljungquist T, Harms-Ringdahl K, Nygren A, et al. Intra- and inter-rater reliability of an
11-test package for assessing dysfunction due to back or neck pain. Physiother Res Int
1999;4:214-32 http://www.ncbi.nlm.nih.gov/pubmed/10581627 (accessed 11 Jul 2018).
Ljungquist T, Fransson B, Harms-Ringdahl K, et al. A physiotherapy test package for
assessing back and neck dysfunction--discriminative ability for patients versus healthy

control subjects. Physiother Res Int Published Online First: 1999. doi:10.1002/pri.158

28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 28 of 61

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

Page 29 of 61

oNOYTULT D WN =

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

40

41

42

43

44

45

46

BMJ Open

Ljungquist T, Nygren A, Jensen I, et al. Physical performance tests for people with spinal
pain - Sensitivity to change. Disabil Rehabil Published Online First: 2003.
doi:10.1080/0963828031000090579

Reneman MF, Dijkstra PU, Westmaas M, et al. Test-retest reliability of lifting and
carrying in a 2-day functional capacity evaluation. J Occup Rehabil 2002;12:269—

75 .http://www.ncbi.nlm.nih.gov/pubmed/12389478 (accessed 19 Jul 2018).

Hegedus EJ, Vidt ME, Tarara DT. The best combination of physical performance and self-
report measures to capture function in three patient groups. Phys Ther Rev 2014;19:196—
203. doi:10.1179/1743288X13Y.0000000121

Roy J-S, Macdermid JC, Boyd KU, et al. Rotational strength, range of motion, and
function in people with unaffected shoulders from various stages of life. Sports Med
Arthrosc Rehabil Ther Technol 2009;1:4. doi:10.1186/1758-2555-1-4

Kumta P, MacDermid JC, Mehta SP, ef al. The FIT-HaNSA Demonstrates Reliability and
Convergent Validity of Functional Performance in Patients With Shoulder Disorders. J
Orthop Sport Phys Ther 2012;42:455-64. do0i:10.2519/jospt.2012.3796

Macdermid JCJC, Ghobrial M, Badra Quirion K, ef al. Validation of a new test that
assesses functional performance of the upper extremity and neck (FIT-HaNSA) in patients
with shoulder pathology. BMC Musculoskelet Disord 2007;8:42. doi:10.1186/1471-2474-
8-42

Hawkes DH, Alizadehkhaiyat O, Fisher AC, et al. Normal shoulder muscular activation
and co-ordination during a shoulder elevation task based on activities of daily living: An

electromyographic study. J Orthop Res 2012;30:53—60. doi:10.1002/jor.21482

29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

685
686
687
688
689
690
691
692
693
694
695
696

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

30

Page 30 of 61

yb1Adoo Ag pajoslold 1senb Aqg 720z ‘6T |Hdy uo /wod fwg uadolway/:dny woiy pspeojumod "6T0Z JqWISAON 2 U0 Z¥ZTE0-6T0Z-uadolwa/oeTT 0T Se paysiignd 1siy :uado (NG


http://bmjopen.bmj.com/

Page 31 of 61

oNOYTULT D WN =

TABLE 1. Summary of Studies Reporting Psychometric Properties of Functional-based Tests in Neck Disor@er Patients

BMJ Open

6T02-uadolwa/9g

31

Study Population Sample Size (n) Functional Tests Interventi@/Test Quality
Interval o
Ljungquist et al. 1999 Neck pain (55%), 53 PILE-C, PILE-L N/A R Good (68%)
back pain, multiple §
pain sites, g
Ljungquist et al. 1999 Neck pain (50%), 68 PILE-C, PILE-L,2x 8days & Very Good (79%)
lumbar pain, thoracic 20m WWB N
pain, shoulder pain, ©
multiple pain sites, g
Ljungquist et al. 2003 Neck pain, lumbar 235 PILE-C, PILE-L,2x N/A % Very Good (82%)
pain, thoracic pain, 20m WWB %
shoulder pain, lower =
extremity pain, g
multiple pain sites, =
Ljungquist et al. 2003  cervical pain (25%), 186 PILE-C, PILE-L,2x 6 months = Very Good (79%)
lumbar pain, cervical 20m WWB 3
(25%) and lumbar ?9,,
pain, multiple pain =
sites, %
Lomond and Cote. Chronic neck and 32 BTEWS 11 9.5 days $§ Very Good (88%)
2011 shoulder pain (100%) o
Pierrynowski et al. Sub-acute and 66 FIT-HaNSA 2-7 days Z Very Good (88%)
2016 chronic WAD II =
Reesink et al. 2007 N/A N/A Neck-FCE N/A <2 N/A
Reneman et al. 2017  Chronic 18 Neck-FCE 2 weeks § Good (67%)
multifactorial neck g
pain Q
Trippolini et al. 2013 Sub acute and 32 WAD FCE 7 days 2 Very Good (75%)
chronic WAD I and I1 Y
Trippolini et al. 2014 Sub acute and 267 Workwell FCE N/A @ Excellent (92%)
chronic WAD I and 11 g
g
§
<
e

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

w
BMJ Open % Page 32 of 61

;E.
R
o

Trippolini et al. 2015  Sub acute and 314 WAD FCE N/A § Very Good (86%)
chronic WAD I and 11 R

Van der Meer et al. Chronic WAD I and 40 Neck FCE N/A S Very Good (86%)
2013 11 PN

PILE-C, Progressive Isoinertial Lifting Evaluation-Cervical; PILE-L, Progressive Isoinertial Lifting Evaluat1§n CBT, Cognitive-
Behavioural Therapy; PT, Physical Therapy; NRPS, Numeric Pain Rating Scale; BTEWS II, Baltimore Thergpeutlc Equipment Work
Simulator II; WAD, Whiplash Associated Disorder; MVA, Motor Vehicle Accident; FIT-HaNSA, FunctionagImpairment Test-Hand
and Neck/Shoulder/Arm; FCE, Functional Capacity Evaluation; EXP, Experimental; M, Male; F, Female; N/g\ not applicable
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TABLE 2. Quality of Studies on Psychometric Properties of Functional-based Tests Evaluated in Neck Dis

BMJ Open

0

er Patients

Item Evaluation Criteria

33

>

o

3

_8

g

R

'L_o\

(@]

g
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 010 Q11 Q12 Total

N (%)
Trippoliniet 2 2 2 2 1 2 2 2 2 g 1 2 92%
al, 2014 g
Lomondand 2 2 1 2 0 2 2 2 2 g 2 2 88%
Cote, 2011 N
Pierrynowski 2 2 1 2 0 2 2 2 2 ® 2 2 88%
etal, 2016 s
Trippolini et 2 2 2 0 1 N/A 2 2 2 2 2 2 86%
al, 2015 2
Van der Meer 2 1 2 1 2 N/A 2 1 2 P 1 2 86%
etal, 2013 S
Ljungquistet 2 2 2 0 0 N/A 2 2 2 Z 2 2 82%
al 2003 E
KGV*™ =
Ljungquistet 2 1 1 2 0 2 2 2 2 3 1 2 79%
al 1999 =
Ljungquistet 1 1 1 2 1 1 2 2 2 2 2 2 79%
al 2003 S
Trippoliniet 2 2 1 1 0 0 2 2 2 A 2 2 75%
al, 2013 ©
Ljungquistet 2 1 1 2 0 N/A 2 1 2 § 1 2 68%
al 1999 g
KGV™ k=
Reneman et 1 2 1 1 1 0 1 2 2 2 2 1 67%
al, 2017 i
Reesink, - - - - - - - - - g - - N/A
2007* 3

g

8

g

é_.
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12-item evaluation tool (QACMRR) designed to assess the quality of studies determining measurement propgities in outcome
measures. Questions 1-12 in the tool evaluate aspects of study question, study design, measurements, analység, and study
recommendations.

KGV, known-groups validity; rel, reliability; STC, sensitivity-to-change
*Paper is not applicable for completion of study quality tool

"1ybuAdoo Ag paroalold 1sanb Ag 2oz ‘6T Udy uo /wod lwqg uadolwqy/:dny woiy papeojumoq ‘6TOZ J18GWSAON 72 Uo

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

34

Page 34 of 61


http://bmjopen.bmj.com/

Page 35 of 61

oNOYTULT D WN =

BMJ Open

TABLE 3. Psychometric Properties of the Functional Capacity Evaluation

£0-6T0Z-uadolwaq/9g

FCE Battery Type of Properties Statistical Test Value Eaterpretation
Neck FCE Test-retest ICC 0.39-0.96 ®oor-excellent
Measurement Error Ratio of LoA 32.0-56.5% R
Convergent Validity Pearson or Spearman NDI total: 0.39-0.62 ?Veak to moderate
correlation NDI items: 0.03-0.63 ery weak to strong
WAD FCE Test-retest Reliability ICC 0.66-0.96 Bnoderate-excellent
Convergent Validity Pearson Correlation Pain* 0.31-0.39 Weak
SFS: 0.42-0.61 §/[0derate-strong
NDI: 0.34-0.45 &eak-moderate
HADS-A: 0.27-0.36 weak
HADS-D: 0.30-0.41 &V eak-moderate
Discriminative Validity Linear Regression p<0.001 Significant for All Tasks
(German vs Non- Analysis S
German) =
Discriminative Validity  t-test p<0.001 Significant for Two
(sex) Jasks
Workwell FCE Convergent Validity Pearson or Spearman Work Capacity: 0.1-0.3 ¥ ery Weak — weak
Correlation =
Predictive Validity Pearson or Spearman 0.06-0.39 *?y’ery weak - Weak
Correlation 5
Linear Mixed Model B=-0.04, 95% CI: Not Significant
Regression of All -0.15-0.06 Z
Predictors p=0.428 (task 6) =

=

FCE, Functional Capacity Evaluation; ICC, Intraclass correlation coefficient; LoA, Limits of Agreement; N[ﬁ, Neck Disability Index;
Mod., Moderate; Neg., Negligible; SFS, Spinal Function Sort; HADS-A, Hospital Anxiety and Depression S§ale — Anxiety; HADS-D,
Hospital Anxiety and Depression Scale — Depression; CI, Confidence Interval Sig., Significant
*Pain measured via Numeric Rating Scale
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TABLE 4. Summary of Fit-HaNSA’s psychometric properties in neck disorder patients
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Test Type of Property Statistical Test Value Eaterpretation
Fit-HaNSA Intra-rater Reliability ICC 0.78 good
Fit-HaNSA Inter-rater Reliability ICC 0.84 Bood
Fit-HaNSA Measurement Error SEM 76 s g
LOAy;s 248 s g
MDCg() 176 s 3
Fit-HaNSA Convergent Validity Spearman Rank <0.4 ->0.75 ¥Weak — Strong
Correlation 5
Fit-HaNSA Discriminative WAD II ~ F-test 62.6, <p,0.001 §1gn1ﬁcant
vs Control =1
Fit-HaNSA Functional  Intra-rater reliability ICC 0.70-0.72 ;Eiloderate
Sub-tasks 2
Inter-reliability ICC 0.54-0.80 Smoderate — good
Convergent Validity Spearman Rank <0.4->0.75 IVeak - Strong
Correlation S
Discriminative Validity = F-test 42.0-53.3, p<0.001 i

WAD II vs Control

adofiy
09
e
=h
8
=
=

Fit-HaNSA, Functional Impairment Test, Hand and Neck/Shoulder/Arm; ICC, Intraclass correlation coefﬁcmnt SEM, Standard Error
of Measurement; LOAys, 95% Limits of Agreement; MDCyy, 90% Minimal Detectable Change; WAD, Whi ash Associated Disorder;

Mod, Moderate

w?ELw

*Correlations completed with Numeric Pain Rating Scale, Neck Disability Index, Disabilities of Arm, Shoul@r Hand and 6 cervical

range of motion tests
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i S
2 ©
i TABLE 5. Psychometric Properties of Baltimore Therapeutic Equipment Work Simulator I1 — Power Outputiyask
5 Test Type of Property Statistical Test Value ;ilterpretation
6 BTEWS I Test-retest reliability ICC 0.53 enoderate
7 Spearman 0.37 Roor
8 BTEWS II Measurement Error SEM 30.25 g
9 MDCyy 70.59 2
1? BTEWS II Convergent Validity* Spearman Not Reported Veak
12 BTEWS II Discriminative Validity = Two-way Repeated Not Reported Blon-signiﬁcant
13 (Pain vs Control) Measures ANOVA ©
14 ICC, Intraclass correlation coefficient; SEM, Standard Error of Measurement; MDCyg, 90% Minimal Detectagle Change; ANOVA,
15 Analysis of Variance 3
1? *Spearman correlations completed with Numeric Rating Scale, Neck Disability Index and Shoulder Pain and%Dlsablhty Index
D_
18 3
19 3
20 E:
21 2
22 E]
23 3
24 g
25 _g
26 8
27 3
28 S
29 Z
30 =
31 ©
32 >
33 N
34 g
35 crgb
36 4}
37 T
38 s
39 2
40 =
41 s
42 g
43 E
44 =y
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TABLE 6. Psychometric Properties of performance-based tests included in physiotherapy test package
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Test Type of Property Statistical Test Value terpretation
PILE-C Inter-rater Reliability Mean Difference -0.24
LoA -2.46 and 1.82
PILE-C Inter-rater Reliability Repeatability (2X SD) M=3.93; F=1.19
% of Range M=10.5%; F=6.1%
PILE-C Convergent Validity Spearman Correlation CR-10: 0.55-0.65* Moderate - Strong
Borg RPE: 0.10 - 0.48 wery weak - moderate
PILE-C Discriminative: spinal Sensitivity and 0.93, 0.69 Strong — Very Strong
pain vs. control Specificity s
PILE-C Discriminative: spinal Wilcoxon Sign Ranked  p=0.008 %igniﬁcant
pain vs. control Test o
PILE-C Discriminative: High vs.  Mann-Whitney U p=0.003 Significant
low pain intensity =)
PILE-C Discriminative: High vs. Mann-Whitney U p=0.005 gigniﬁcant
low Pain behavior =
PILE-C Discriminative: High vs. Mann-Whitney U p=0.154 WNon-significant
low perceived exertion -
PILE-C Sensitivity to Change Effect Size Subjects improving: %mall — Moderate
0.39-0.73 5
Subjects deteriorating: 0  gJrivial — Small
-04 z
PILE-L Inter-rater Reliability Mean Difference -0.11 =
LoA -2.33 and 2.11 N
PILE-L Intra-rater Reliability Repeatability M=4.0; F=3.59 §
% of Range M=10.7%; F=18.5% g
PILE-L Convergent Validity Spearman Correlation CR-10: 0.11 - 0.45 ?ery weak — moderate
“ery weak — moderate
Borg RPE: 0.10-048 %
PILE-L Discriminative: spinal Sensitivity and 0.85,0.65 Strong — Very Strong

pain vs no spinal pain

Specificity
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©
PILE-L Discriminative: spinal Wilcoxon Sign Ranked  p=0.002 §igniﬁcant
pain vs control Test N
PILE-L Discriminative: High vs. Mann-Whitney U p=0.001 §igniﬁcant
low pain intensity N
PILE-L Discriminative: High vs. Mann-Whitney U p<0.001 §igniﬁcant
low pain behaviour g
PILE-L Discriminative: High vs. Mann-Whitney U p<0.001 Bignificant
low perceived exertion N
PILE-L Sensitivity to change Effect Size Subjects improving: @rivial — Large
0.02 — 1.08 §
Subjects deteriorating gmall — Large
0.42-0.81 2
2x20m WWB Inter-rater Reliability Mean Difference 0.05 o
LoA -1.33 and 1.43 S
2 x20m WWB Intra-rater Reliability Repeatability 3.2 2
% of Range 10.7% El
2x20m WWB Convergent Validity Spearman Correlation CR-10: 0.55 - 0.65Borg  $Moderate - Strong very
RPE: 0.10 - 0.48 sveak — moderate
2x20m WWB Discriminative: spinal Wilcoxon Sign Ranked  p=0.014 %igniﬁcant
pain vs control Test 3
2x20m WWB Discriminative: High vs. Mann Whitney U p<0.001 Significant
low pain intensity Z
2x20m WWB Discriminative: High vs. Mann Whitney U p<0.001 Significant
low pain behaviour <
2 x20m WWB Discriminative: High vs. Mann Whitney U p<0.001 §igniﬁcant
low perceived exertion g
2 x20m WWB Sensitivity to change Effect Size Subjects improving: Lf§mall — Moderate

0.38-0.78
Subjects deteriorating:
0.13-0.62

wn
g’rivial — Moderate
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PILE-C, Progressive Iso-intertial Lifting Evaluation — Cervical; PILE-L, Progressive Iso-intertial Lifting quilation — Lumbar; LoA,
Limits of Agreement; SD, Standard Deviation; M, Male; F, Female; RPE, Rating of perceived exertion; KG\ZS Known-groups
Validity; Neg., Negligible; Mod., Moderate, *CR-10: Measurement of pain construct

40

"1ybuAdoo Ag paroalold 1sanb Ag 2oz ‘6T Udy uo /wod lwqg uadolwqy/:dny woiy papeojumoq ‘6TOZ J18GWSAON 72 Uo

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 40 of 61


http://bmjopen.bmj.com/

Page 41 of 61

oNOYTULT D WN =

BMJ Open

Figure 1. Selection of the studies for inclusion in the systematic review
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Appendix 1: Search terms

EMBASE-OVID
1. exp "outcome and process assessment (health care)"/ or "outcome assessment (health care)"/

or

CONO OIS, WN

9.

10
11
12

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24

treatment outcome/

. outcome?.ti.

. exp "Range of Motion, Articular"/
. Pain Measurement/

. exp disability evaluation/

. "Recovery of Function"/

. Questionnaires/

. self-report.tw.

((impairment or disability or function) adj2 (measure? or scale? or evaluation?)).tw.
. range of motion.tw.

. (strength adj2 (measure? or scale? or evaluation?)).tw.

. (outcome? adj2 (measure* or scale? or indicator?)).tw.

or/1-12

"reproducibility of results"/

exp "Sensitivity and Specificity"/

reliability.mp.

validity.mp.

responsiveness.mp.

Psychometrics/

rasch.mp.

factor analysis, statistical/

factor analysis.tw.

differential functioning.mp.

. (validity or validation).mp. [mp=title, original title, abstract, name of substance word, subject

heading word, unique identifier]

25

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

. (validity or validation).mp.

item difficulty.mp.

translation.tw.

or/14-27

13 and 28

Neck Pain/

exp Brachial Plexus Neuropathies/
exp neck injuries/ or exp whiplash injuries/
cervical pain.mp.

neckache.mp.

whiplash.mp.

cervicodynia.mp.

cervicalgia.mp.

brachialgia.mp.

brachial neuritis.mp.

brachial neuralgia.mp.

neck pain.mp.
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42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

BMJ Open

neck injur*.mp.

brachial plexus neuropath*.mp.
brachial plexus neuritis.mp.
thoracic outlet syndrome/ or cervical rib syndrome/
Torticollis/

exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
cervico brachial neuralgia.ti,ab.
cervicobrachial neuralgia.ti,ab.
(monoradicul* or monoradicl*).tw.
or/30-50

exp headache/ and cervic*.tw.
exp genital diseases, female/
genital disease*.mp.

or/53-54

52 not 55

51 or 56

neck/

neck muscles/

exp cervical plexus/

exp cervical vertebrae/
atlanto-axial joint/
atlanto-occipital joint/

Cervical Atlas/

spinal nerve roots/

exp brachial plexus/
(odontoid* or cervical or occip* or atlant*).tw.
axis/ or odontoid process/
Thoracic Vertebrae/

cervical vertebrae.mp.

cervical plexus.mp.

cervical spine.mp.

(neck adj3 muscles).mp.
(brachial adj3 plexus).mp.
(thoracic adj3 vertebrae).mp.
neck.mp.

(thoracic adj3 spine).mp.
(thoracic adj3 outlet).mp.
trapezius.mp.

cervical.mp.

cervico*.mp.

80 or 81

exp genital diseases, female/
genital disease*.mp.

exp *Uterus/

83 or 84 or 85

82 not 86
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1
2

3 88. 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or
g 74 or750r76o0r77or78or79or87
6 89. exp pain/

7 90. exp injuries/

8 91. pain.mp.

9 92. ache.mp.

10 93. sore.mp.

}; 94. stiff.mp.

13 95. discomfort.mp.

14 96. injur*.mp.

15 97. neuropath*.mp.

16 98. 0r/89-97

17 99. 88 and 98

18 100. Radiculopathy/

;g 101. exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction
21 syndrome/

22 102. myofascial pain syndromes/

23 103. exp "Sprains and Strains"/

24 104. exp Spinal Osteophytosis/

25 105. exp Neuritis/

26 106. Polyradiculopathy/

3573 107. exp Arthritis/

29 108. Fibromyalgia/

30 109. spondylitis/ or discitis/

31 110. spondylosis/ or spondylolysis/ or spondylolisthesis/
32 111. radiculopathy.mp.

33 112. radiculitis.mp.

34 113. temporomandibular.mp.

35 . :

36 114. myofascial pain syndrome*.mp.
37 115. thoracic outlet syndrome*.mp.
38 116. spinal osteophytosis.mp.

39 117. neuritis.mp.

40 118. spondylosis.mp.

4 119. spondylitis.mp.

g 120. spondylolisthesis.mp.

44 121. or/100-120

45 122. 88 and 121

46 123. exp neck/

47 124. exp cervical vertebrae/

48 125. Thoracic Vertebrae/

42 126. neck.mp.

g? 127. (thoracic adj3 vertebrae).mp.

55 128. cervical.mp.

53 129. cervico*.mp.

54 130. 128 or 129

55 131. exp genital diseases, female/

56

57

58

59
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yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144,
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.

BMJ Open

genital disease*.mp.

exp *Uterus/

0r/131-133

130 not 134

(thoracic adj3 spine).mp.

cervical spine.mp.

123 or 124 or 125 or 126 or 127 or 135 or 136 or 137
Intervertebral Disk/

(disc or discs).mp.

(disk or disks).mp.

139 or 140 or 141

138 and 142

herniat*.mp.

slipped.mp.

prolapse*.mp.

displace*.mp.

degenerat*.mp.

(bulge or bulged or bulging).mp.

144 or 145 or 146 or 147 or 148 or 149
143 and 150

intervertebral disk degeneration/ or intervertebral disk displacement/
intervertebral disk displacement.mp.
intervertebral disc displacement.mp.
intervertebral disk degeneration.mp.
intervertebral disc degeneration.mp.
152 or 153 or 154 or 155 or 156

138 and 157

57 or 99 or 122 or 151 or 158

animals/ not (animals/ and humans/)
159 not 160

exp *neoplasms/

exp *wounds, penetrating/

162 or 163

161 not 164

29 and 165

guidelines as topic/

practice guidelines as topic/
guideline.pt.

practice guideline.pt.

(guideline? or guidance or recommendations).ti.
consensus.ti.

or/167-172

meta-analysis/

exp meta-analysis as topic/

(meta analy* or metaanaly* or met analy* or metanaly*).tw.
review literature as topic/
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178. (collaborative research or collaborative review* or collaborative overview*).tw.

179. (integrative research or integrative review™* or intergrative overview*).tw.
180. (quantitative adj3 (research or review* or overview*)).tw.

181. (research integration or research overview*).tw.

182. (systematic* adj3 (review* or overview*)).tw.

183. (methodologic* adj3 (review* or overview*)).tw.

184. exp technology assessment biomedical/

185. (hta or thas or technology assessment*).tw.

186. ((hand adj2 search*) or (manual* adj search*)).tw.

187. ((electronic adj database*) or (bibliographic* adj database*)).tw.
188. ((data adj2 abstract*) or (data adj2 extract*)).tw.

189. (analys* adj3 (pool or pooled or pooling)).tw.

190. mantel haenszel.tw.

191. (cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or

psychlit or cinahl or science citation indes).ab.
192. or/174-191

193. 173 or 192

194. 166 and 193

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘6T Mdy uo /wod*fwg uadolwg//:dny wouy papeojumod "6T0Z 18qWBAON 2 U0 Z#ZTE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1siy :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 48 of 61

APPENDICES

"22T£0-6T0Z-uadolwa/og

APPENDIX A. Data extraction guide for studies evaluating the quality of studies evaluating the clingal measurement
properties of outcome measures

WSAON 2

Instructions
Clinical measurement studies may evaluate a wide spectrum of measurement properties; or evaluat&aspects that relate to
the implementability or interpretation of outcome measures. Individual clinical measurement studies cannot,address every aspect of
the measurement properties of an instrument. Ideally systematic reviews will synthesize the quality and congent of research
evidence addressing the clinical measurement properties of individual outcome measures. The summative knowledge about the
measurement properties, cultural transferability, and utility across different contexts provides the scope of |n§)rmatlon needed to
select an outcome measure for a specific patient (population), purpose and context.

peoju

This guide should facilitate extraction of data from individual clinical measurement studies. An explanation (if the measurement
property addressed in each item and how it might be measured within a given study is listed to facilitate fmd@g and extracting that
information. The accompanying extraction form can then be used to collect the specific information on thesgmeasurements or utility
properties from specific studies.

way//:dy

The purpose of data extraction is to extract the specific information reported by authors within a study, not t@evaluate the validity or
value of that piece of information. Evaluation of the quality of the published version of the clinical measurem@nt study (also called
critical appraisal) is performed in a separate step. See the accompanying critical appraisal tool and guide. His advisable to extract
detailed specific information from the study; recognizing that this information may later be synthesized or squect to meta-analysis.

There is no standardized process for synthesizing clinical measurement information. Based on the findings &f extraction you may
elect to present the synthesize data in a descriptive way by creating a summary table of the data extracted i each category. If you
find some studies with similar designs, you may be able to conduct a meta-analysis of some properties like ainically important
difference (CID) or minimal detectable change (MDC); if appropriate given the sample and technique - this cﬁn be valuable as it may
provide more stable estimates of these important properties.

1ybuAdoa Ag paraailold 1senb Ag v20g
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E:
1 R
2 o
3 R
4 N
5 . . N
p Population studied S
7 N
8 Population A description of the study population Sample size, pathology/disord%, demographics,
9 setting, acute vs. chronic, wherg subjects were chosen
10 from. Report meaningful demographics and indicators
11 of the population studied. =
12 Intervention Interventions (if applicable) applied during Description of the nature, frequ&ncy, intensity of the
13 longitudinal studies intervention and the follow-up i@terval.

o
s Reliabilit g

o
1? Reliab.ilit‘y The extent to which scores for patients who have | Test procedurqs or measures eﬁce typicglly reapplied on
18 Description not changed are the same for repeated repeated occasions in mdmc_iu@s considered to have a
19 measurement under several conditions: for stat?le condition during that tlmg frame which repeated
20 example, using different sets of items from the testing occurs. Repeated testing may be performed on
21 ’ ) _ different occasions (test-retestfor self-report
% same health-related instrument (internal measures, OR by the same ratgr (intra-rater) or
23 consistency), over time (test retest) by different | different raters (inter-rater) if it & an observer-based
24 persons on the same occasion (interrater) or by scale. In some cases different fst instruments (inter-
25 the same persons (i_e.' raters or responders) on instgumerr:t) are e?/aluated. I'I'hegnostf?ommofn statistic
26 ; ; ; used is the intraclass correlation coefficient for
27 different occasions (intra-rater) quantitative data (Shrout & Fle?gs, 1979) and
28 kappa(Landis & Koch, 1977) fdg nominal data.
29 Standard error of measuremengis used to present a
30 quantitative estimate of the religbility—in the original
31 units of measure. Report the tyfe of reliability
gg evaluated and coefficients obtgmed.

N
34 g
35 Measurement Error | The systematic and random error of a patient’s This may be reported as g
36 score that is not attributed to true changes in the | 1. Standard (a];Frqr Otf n;leas.urtm.er?ént (in older articles you
37 may see coefficient of variatio
38 construct to be measured 2. Altman and Bland graphical gchnique (Bland &
39 Altman, 1990; Bland & Altman,2987; Bland & Altman,
40 1986) where the difference ongepeated tests for each
41 individual (limits of agreement)ds plotted versus their
42 S
43 3
44 =
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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mean score. The mean differe@e and the boundaries
of 28D are shown to define theﬁlmlts of agreement.

Internal consistency

The extent to which items on a test or subscale
are related (an indication of the consistency of
the concept measured).

Cronbach’s alpha is the |nter-|tem correlation usually
reported. Report alpha and whéther it relates to the
entire instrument or specific subscales.

Validity

¢ 19qUIBAQ|

Content Validity

The degree to which the content of a health-
related instrument is an adequate reflection of
the construct to be measured

A variety of techniques can be ﬁsed to assess the
extent to which items on a glveg measure reflected the
necessary content to capture tig concept of interest.
Some of the techniques you wifind are listed. Extract
what was done to determine cﬁqtent validity and what
was found.

1) Patients and experts were nglolved during item
selection/reduction - report how they were used and
key decisions

2) Patients were consulted for gadlng and
comprehension - report key fingings

3) Cognitive interviews (Cibelli,31994; Ojanen &
Gogates, 2006) were done wittgpatients to determine
how items were interpreted bygéspondents; their
perceptions of the items - repog key findings

4) Expert panels or Delphi progeédures were used to
select items or evaluate the valiflity of the instrument -
report key findings and decisiofts

5) During translation specific st@dy, the meaning of the
questions to another cultural orﬁanguage group was
studied - report key findings ang decisions

6) ICF linking (Cieza et al., 20Q2) or other coding of
content was performed - reporﬁthe results which may
include the distribution of conteht across ICF domains,
or the distribution of specific calles

Construct Validity

The degree to which the scores of a health-
related instrument are consistent with
hypotheses (for instance with regard to internal

When extracting data about coftelational validity, the
pre-constructed hypothesis an&whether it is supported
should be documented. For carelational construct

1ybuAdao

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 50 of 61


http://bmjopen.bmj.com/

Page 51 of 61

oNOYTULT D WN =

BMJ Open

-6T0g-uadolwa/9g

relationships, relationships to scores of other
instruments, or differences between relevant
groups) based on the assumption that the health-
related instrument validly measures the
construct to be measured

validity, this will be the nature @d strength of the
prespecified relationship and trm correlations that
support that. Relation to other&ndlces/constructs that
are similar (convergent) or dlffe{;ent (divergent) can be
reported. ldeally, hypotheses ge formulated/reported
and supported by correlations %at are in accordance
with the hypotheses. Note that #here is no consistent
agreement on what subjective @rm should be applied
to validity correlations. o

Note that there is no con3|stent~°agreement on what
subjective term should be appligd to validity
correlations. Some authors usé subjective terminology
defined for reliability such as: s@ong (>0.70) and
moderate (0.40-0.70) correlatidhs; others use the
correlations like effect size benghmarks that 0.4
indicates a moderate effect an@O.G a large effect. For
validity assessment is more imgortant than correlations
prespecified constructed hypotBeses, although not all
papers are written clearly with &spect to this.

Structural
Validity/Hypothesis
Testing

The degree to which the scores of a health-
related instrument are an adequate reflection of
the dimensionality of the construct to be
measured

Extract test names, prespecméa expected relationship
and correlations observed.

Jwoofwgu

Structural validity -
discriminative

discriminative analysis supports the validity of a
measure by demonstrating that the measurement
is able to differentiate between groups that are
prespecified and known to be different on the
construct being assessed.

Data extraction should include ¥he nature of the
subgroups and the size of the @ﬁerence observed
between them (and its statistical significance).
Typically, statistical tests of dlfférence are performed.

N
Since known groups analysis o§n provide data that is
useful in clinical practice as beachmarks for comparing
these known groups, it is a mog practical form of
construct validity than correlatlenal Data
extraction/presentation should geflect this by presenting
the group central tendency, the margins and
statistical significance in an acé&essible manner.

1ybuAdoo A
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Criterion validity

Criterion validation is determined by comparing a
given outcome measure to an accepted standard
of measure. For subjective constructs like pain
and disability, it can be argued that there is no
criterion since there is no external gold standard.
Therefore, for self-report measures, validation
focuses on construct validity.

For performance measures, it is common to have
a criterion measure that is considered to be
highly precise and rigorous as the criterion
comparator.

Authors will state that their me&sure is being compared
against a specific instrument aftd report the correlation
or agreement between the meggures. Extract the test
names and results: correlationswor other as reported.

1806 T0Z-uadolwa/9g

Responsiveness/Clinical Change

papeajumod "6T0Z 18qWIAON 1

Responsiveness

The ability of a health-related instrument to
detect change over time in the construct to be
measured

Extract indicators of responsiv@wess include: effect
size, standard response mean and the method for
assessing whether patients wege improved, stable or
worse. (Beaton, 2000) 5]

Interpretability

Interpretability

The degree to which one can assign qualitative
meaning that is, clinical or commonly understood
connotations to an instrument’s quantitative
scores or change in scores.

1ybuAdoa Aq paraalold 1senb Aq 20z ‘6T |1idy uo jwod [wgfuadoliug
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z APPENDIX B. Data extraction form for studies evaluating the clinical measurement properties of ogcome measures
N

5 B

6 Authors: Year: Rater: o

7 R

8 Instructions §

9 When using the data extraction form, it is important to realize that the purpose of data extraction ig to remove or extract

1(1) the specific information reported by authors within a study, not to evaluate the validity or value of that piece of information.

12 To make data extraction as useful as possible, and to avoid the need for repeated data extractionsyit is advisable to read

13 the accompanying guide and then be as specific as possible when extracting infor@ation.
W)

14 o

15 5

e DATA EXTRACTED &

18 Population studied =

19 Population 3

20 Z

21 S

22 3

23 : S

24 Intervention g

25 El

26 Reliability g

27 Reliability f\)

;g (relative) >

30 Reliability i

31 (absolute) 2

32 Minimum N

33 Detectable E

34 Change <

gg Content/structural validity 5

37 T

38 Internal S

. (1)

39 consistency Q

40 Content Validity =

41 =

42 §

43 &

44 =
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Floor-Ceiling
Effects

Factorial validity

Item response
/Rasch
Analyses

Construct/Criterion Validity

Known groups

Convergent

Divergent

Longitudinal
Validity

Concurrent
criterion

Predictive
criterion

Responsiveness/Clinical Change

Responsiveness
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Minimally
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Important
Difference
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APPENDIX C. Quality Appraisal for Clinical Measurement Research Reports Evaluation Form

Rater (Group)
Author(s) (Study Author(s)
Year (Year of publication)

QWSAON 12 U0 ZZTE0-6TOZ-uddolwa/9g

1. Was the relevant background work cited to define what is currently known about the measurement
properties of measures under study, and the potential contributions of the current resgarch question to
informing that knowledge base?

2 S
3
: ]
0 2
2. Were appropriate inclusion/exclusion criteria defined? * 5
2 3
1 3
0
3. Were specific clinical measurement questions/hypotheses identified? 5}
@
%
0 8
4. Was an appropriate scope of measurement properties considered? §
2 =]
1 g
0 5
5. Was an appropriate sample size used? §
2 N
1 g
0

6. Was appropriate retention/follow-up obtained? (for studies involving retesting; otherwise n/a)
2
1 2
0 N
38
é
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2 o
z 7. Were specific descriptions provided of the measure under study and the metho&(s) used to administer
s it? S
6 2 S
7 1 R
8 0 5
?0 8. Were standardized procedures used to administer all study measures in a manéer that minimized
11 potential sources of error/bias (including the study measure and its comparators)? g
12 2 §
13 1 g
14 0 g
12 9. Were analyses conducted for each specific hypothesis or purpose? §
17 2 &
18 1 =
19 0 3
20 10. Were appropriate statistical tests performed to obtain point estimates of the m:éasurement
21 ; =
% properties? g
23 2 3
24 1 3
25 0 g
26 11. Were appropriate ancillary analyses done to quantify the confidence in the estﬂnates of the clinical
;Z; measurement property (Precision/Confidence intervals; benchmark comparisons/ROC curvq§ alternate forms of
29 analysis like SEM/MID, etc.)? >
30 2 2
31 1 o
32 0 3
gi 12. Were clear, specific and accurate conclusions made about the clinical measurément properties; that
35 were associated with appropriate clinical measurement recommendations and supported byéhe study objectives,
36 analysis and results? 3
37 2 2"
38 1 &
39 0 g
j? Subtotals (of column 1 and 2) Total Score (sum of subtotals/24*100) 5
42 é
43 =
44 =
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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APPENDIX D. Description of each performance battery from selected articles
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Battery

Description of Tasks

WanoN [z Uo ZZTe0-6T0Z-uadolwa/9g

Relevant FCE
S u btas k525,26,27,zs,29,3o

Material Handling Tasks: All lifting tests were executed with a wooden crate (40 x 30 x 26 cm)
of 2.5 kg, and four to five weight increments of 2.5 kg or 5 kg each were uged until the maximum
amount of weight was reached. Maximum performance was recorded in kg>

Lifting floor to waist: Measured after five lifts of crate from floor to table argj vice versa (time
limit < 90 s): hands remained on the crate during the test. Increase welght‘an 4-5 steps until
maximum is reached

1} pap

Overhead lift test: Five lifts from waist to crown height and vice versa within 90 s in standing
position. Increase weight in 4-5 steps until maximum is reached

//:dny

Two-handed carrying: Carrying of a crate for a short distance measured afer five carries of 1.5
m distance at waist height. Hands remain on the crate during the test.

[uuadoll

One-handed carrying: Carrying wooden crate for 15 m within 90 s beglnnl
and thereafter the left hand.

g with the right hand

Overhead working: Standing with hands at crown height for manipulation ef nuts and bolts. The

time that the position was held is recorded (sec).

JdV ug,woo [

Repetitive reaching: fast horizontal movements of the upper extremity in agsltting position.
Marbles are removed from bowls at arm length distance at table height from left to right and vice
versa, with right and then left arm. The time taken to remove 30 marbles i&recorded (sec).

O

Overhead lift test: Five lifts from waist to crown height and vice versa withEn 90 s in standing
position. Increase weight in 4-5 steps until maximum is reached 4}

Repetitive bending and overhead reaching: 20 marbles in 2 bowls at tablegwelght and crown
height. Standing in front of bowl of marbles and moving the marbles as fagt as possible from
table height to crown height.

1ybuAdqo Aq p
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A Physiotherapy
Test Packagessss

PILE Tests: “The lifting tests were performed standing in front of booksheﬁ/es with shelves at
0.76m and 1.37 m from the floor. Subjects were asked to lift weights in a p‘»tastlc box from floor
to waist level (0—0.76 m) for the lumbar PILE test, or from waist to shoulder height (0.76-1.37
m) for the cervical PILE test. The initial weight was 3.6 kg for women and §.9 kg for men. A
‘lifting movement’ involved a single transfer from one level to the next and$ack again. After
every four such lifting movements (= 20 s), the weight was increased by 2?5 kg for women and
4.5 kg for men. The weight managed during the last lifting movement was%ecorded and used as
a test result, as well as this maximum weight divided by the ‘adjusted welﬁﬂ’”

2x20m WWB: “Subjects were asked to walk 20 m at a comfortable speedgalong a corridor, to
turn around where 20 m was marked and then to walk 20 m back to the stértlng point. In the first
walking test they carried no extra weight, but in the second they carried o carrier bag in each
hand, containing 4 kg each for the women, 8 kg each for the men. The tlm% taken was recorded
to get the walking speed. The tests were discontinued after 50 s”.

dny wo

BTEWS Il

“The protocol consisted of performing a series of shoulder functional task&before and after a
fatiguing activity. Functional tasks consisted of active shoulder range of m_etlon (ROM) in both
flexion and abduction and cumulative power output (PO) accumulated ovq 10s during a
repetitive pushing/pulling task in a horizontal plane at shoulder level”. -g

FIT - HaNSA=

“The FIT-HaNSA protocol consists of three timed tasks and each task is p§rformed for a
maximum of 300 seconds (s) with approximately 30 s pause between therg (set-up time for next
task). Task 1 (waist-up) requires the patient to alternately “grab, lift, move &nd place” three 1000
g containers located on waist level and 25 cm above waist level shelves, Gsing their affected
arm, at a metronome pace of 60 beats per minute for 300 s or until they fe& unable to continue.
The time to complete Task 1 is measured using a stopwatch. Task 2 (eye@own) is identical to
Task 1 except that the two shelves are placed at eye-level and 25 cm belgiv. Task 3 (overhead
work) requires a patient to repeatedly screw and unscrew bolts in a sagittal plane oriented plate
positioned at eye-level using both arms”. More complete description at h @s /[srs-
mcmaster.ca/wp-content/uploads/2015/04/FIT-HaNSAProtocol _April2007 pdf

1ybuAdoo Ag pa1oa1Pii
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1
2
3
4
4 Section/topic # Checklist item FEEIEE
6 on page #
7| TITLE R
2 Title 1 | Identify the report as a systematic review, meta-analysis, or both. g 1
3
10 ABSTRACT g
1
13 Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data source$} study eligibility criteria, | 1
13 participants, and interventions; study appraisal and synthesis methods; results; limitations; cnclusions and
1; implications of key findings; systematic review registration number. o
d =
13 INTRODUCTION =
1
1 Rationale Describe the rationale for the review in the context of what is already known. § 2
o
18 Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, inf§rventions, comparisons, | 3
19 outcomes, and study design (PICOS). :3T
2( =3
51 METHODS g
22 Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), ancé if available, provide 3
23 registration information including registration number. -(%’D
2 o . >
2 Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e. %r years considered, 4
2' language, publication status) used as criteria for eligibility, giving rationale. ;-
27 Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study "a‘uthors to identify 4
24 additional studies) in the search and date last searched. S
;Z Search 8 | Present full electronic search strategy for at least one database, including any limits used, sEEch that it could be 3-4
repeated. =
3 ©
32 Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic rew@v and, if applicable, 3-4
33 included in the meta-analysis). N
3f Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in dupliéte) and any processes 4
gf for obtaining and confirming data from investigators. 5
37 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and einy assumptions and 4
34 simplifications made. S
39 Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specificauoiof whether this was 5
2( studies done at the study or outcome level), and how this information is to be used in any data syntbg,sis.
42 Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). é NA
i Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including m:jéasures of consistency NA
4 2 _ . =4
45 (e.g., Pfor Egrcgergrertgv%r\}\?g/rﬁl\% http://bmjopen.bmj.com/site/about/guidelines.xhtml
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5
i Section/topic Checklist item R
on page #
7
8| Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publlcaaon bias, selective NA
9 reporting within studies). g
10 Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- regreélon) if done, indicating | NA
11 which were pre-specified. X
11
13 RESULTS ©
14 Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with réasons for exclusions at | -7
13 each stage, ideally with a flow diagram. 3
1 -4
1E Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PIC(};S, follow-up period) and | -7
14 provide the citations. =
19 Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (%e item 12). 6-10
2( =
51 Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summai& data for each 6-10
by intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 5
23 Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of%onsistency. 6-10
2 -
>3 Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). g 6-10
26 Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regrgssion [see Item 16]). NA
2]
28 DISCUSSION S
;; Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; con'g_ider their relevance to 11-13
3 key groups (e.g., healthcare providers, users, and policy makers). %
32 Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., w@omplete retrieval of 14-16
33 identified research, reporting bias). 4>
gf Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implicati@s for future research. 16
3 <
>3 FUNDING =
38 Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of dat% role of funders for the 18
39 systematic review. o
40 =
41 From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The\ﬁRISMA Statement. PLoS Med 6(7): e1000097.
42 doi:10.1371/journal.pmed1000097 -8
43 For more information, visit: www.prisma-statement.org. é
44 ) Page20f2 ) o =
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