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Abstract
Objective: To determine inter-rater agreement and utility of the Consensus on Exercise
Reporting Template (CERT) for evaluating reporting of musculoskeletal exercise trials.
1

Study Design and Setting: Two independent reviewers applied the CERT to a random
sample of 20 exercise trials published 2010 to 2015 identified from searches of PEDro,
CENTRAL and PubMed. Reviewers recorded whether each item criterion was met, detailed
missing data and appraisal time Percent agreement and the Prevalence and Bias Adjusted
Kappa (PABAK) statistic measured inter-rater agreement.
Results: The trials included a range of musculoskeletal conditions (back/neck pain, hip/knee
osteoarthritis, tendinopathies). For percent agreement, inter-rater agreement was high (13
items >80%) and for PABAK substantial (9 items: 0.61 – 0.80) and excellent (3 items: 0.811.0). Agreement was lower for starting level decision rule (percent agreement: 55%, PABAK
0.30); tailoring of exercise (%A: 65%, PABAK 0.40 (95% CI: 0.00 to 0.80)); exercise
equipment (percent agreement: 70%, PABAK 0.30); and motivation strategies (percent
agreement: 70%, PABAK 0.40). Sixty percent of descriptions were missing information for
>50% of CERT items. Mean appraisal time was 30 minutes and the majority of interventions
required access to other published papers.
Discussion and Conclusions: The CERT has good inter-rater agreement and can
comprehensively evaluate reporting of exercise interventions. Most trials do not adequately
report intervention details and information can be difficult to obtain. Incomplete reporting of
effective exercise programs may be remedied by using the CERT when constructing,
submitting, reviewing and publishing manuscripts.
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Introduction
The Consensus on Exercise Reporting Template (CERT) is a reporting guideline for
describing exercise interventions in clinical trials and other evaluative study designs.1, 2 It was
developed to address the problem of incomplete reporting of exercise interventions in clinical
trials,3-8 and has been endorsed by an international group of experts.2 It is an extension of
2

item 5 of the CONSORT Statement,9 and item 11 of the SPIRIT Statement.10 Its intended
users include researchers, authors, journal editors, peer reviewers, clinicians, research ethics
committees and funding bodies.2

The CERT includes 16 items considered essential to fully describe an exercise intervention to
enable an informed interpretation of the trial results. A complete description of the
intervention allows better interpretation of the results, and others to properly replicate the
intervention in routine care or other studies. Items include description of exercise equipment,
provider expertise, supervision, adherence measures, motivation strategies, individual or
group exercise, decision rules for starting level and progression, replicable description of
exercises, home program, non-exercise components, adverse events, setting, exercise dosage,
generic or tailored programs, and program adherence.2

An Explanation and Elaboration Statement has been published that fully describes the CERT,
the rationale for each item, and provides examples of good reporting.11To be useful, the
CERT should be easily understood and interpreted in the same way, irrespective of who is
applying it. Using a random sample of 20 musculoskeletal randomised controlled trials
(RCTs) published between 2010 and 2015we determined whether a novice to the CERT,
trained in its use, understood and interpreted the items in the same way as one of the
developers of the CERT or if some changes to improve clarity were needed. The assessment
of the comprehensiveness of reporting of exercise interventions in the 20 trials is also
presented.
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Materials and Methods
Eligibility criteria
RCTs published from 1 January 2010 to 31 December 2015 that compared exercise to usual
care or another intervention among adults with any musculoskeletal condition and reported
outcomes such as pain, function or quality of life were eligible for inclusion. We selected this
recent six-year period to reflect current practice. Trials could include interventions provided
to participants in any setting (e.g. outpatient, at home, or in the community), and must have
involved the prescription of a supervised or unsupervised exercise program, with or without
the addition of other components (e.g. manipulation, lifestyle modification or counseling).
Search strategy
We searched the PEDro, Cochrane Central Register of Controlled Trials and PubMed
databases from 1 January 2010 to 31 December 2015, using key search terms including
exercise, physical therapy, training, rehabilitation, strengthening, resistance, aerobic, fitness
and using methodological filters for RCTs. We used citation tracking and searched reference
lists of included studies, and those of systematic reviews to identify further trials eligible for
inclusion.

All search results were downloaded into a bibliographic management program and duplicates
were deleted. One reviewer (SCS) screened the titles and abstracts. Any doubts about study
eligibility were discussed among the authors and resolved via consensus. Included studies
were transferred into Microsoft Excel (Microsoft Office 2007, Microsoft Corporation,
Redmond, Washington, USA) and a computer-based random number generator (RAND
function) was used to select a random sample of 20 papers. We chose 20 trials as we
anticipated that this number would be sufficient to yield adequate and consistent results.
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Development of data extraction guidelines and training of CERT novice
We developed data extraction guidelines to standardize the information to be extracted from
each included paper. Descriptive data were systematically extracted into a spreadsheet,
checked for consistency and merged into one document.

One of the developers of the CERT (SS) provided two CERT familiarization and training
sessions via video-conferencing on two occasions and email follow-up on two occasions for
the novice reviewer (SF). Both reviewers then independently pilot tested the data extraction
form using two studies not included in the 20 to be reviewed.12, 13A further video-conference
meeting was held to discuss the process and findings, and make amendments to the CERT
wording or data extraction form if needed for clarity.

Two changes were made to the CERT following this process (amended CERT is shown in
Appendix 1):
1. Item 7 (decision rules for exercise progression) was subdivided into items: 7a (detailed
description of the decision rule(s) for determining exercise progression) and 7b (detailed
description of how the exercise program was progressed) as it included two questions and
was difficult to rate.
2. The wording of item 16a (description of how adherence or fidelity to the exercise
intervention is assessed/measured) was revised to ‘Describe how adherence or
compliance to the intervention is assessed/measured’ to clarify that this item refers to a
description of how adherence to the intervention is assessed (e.g. an exercise diary) rather
than an assessment of how fidelity to the intervention/program is measured.
Application of the CERT
Two blinded reviewers (SS and SF) independently extracted the intervention data from each
included study using the standardized data extraction form and data extraction guidelines of
5

the CERT. This included information about any equipment used for exercises, the exercise
instructor, core procedural and contextual elements of the exercise intervention that are
required for replication, and information about whether, and how well, the intervention
complied with what was planned. Examples of poor or incomplete reporting were also
extracted and recommendations made for ways to improve these descriptions.

The Explanation and Elaboration Statement was used to guide the scope and interpretation of
each CERT item.11Each CERT item was rated as ‘Yes’ (criterion met, indicating item clearly
reported), ‘No’ (indicating item not reported or not clearly described) or ‘Unsure’ and an
overall rating of the exercise description was also made. For ‘No’ or ‘Unsure’ responses,
detailed comments about what was missing/unclear were recorded. Examples of poor or
incomplete reporting were also extracted and a list of questions about elements of the
intervention that were missing or unclear was generated. If information was missing, the
reviewers searched for and retrieved any published protocols, online appendices and
supplementary data and extracted relevant information.

Each reviewer also recorded whether or not the study was published in an open access
journal, the appraisal time for each study, ease of access to the intervention description
(available in the published paper or required additional data from other sources and whether
or not this was open access), and the time taken to retrieve additional materials when it was
evident that these data were provided elsewhere.
Following completion of the comprehensiveness of reporting assessment by both reviewers,
any differences between reviewers were discussed. If agreement could not be reached, an
independent arbiter from the research team was consulted.
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Data analysis
Data were entered into Microsoft Excel and analysed using descriptive statistics and narrative
summaries.
Inter-rater reliability
Inter-rater reliability of the CERT was assessed for each of the 19 CERT items (including
sub-items a) and b) for items 7, 14 and 16) using percent agreement14 and the Prevalence and
Bias Adjusted Kappa (PABAK) coefficient15. While kappa statistics measure chance-adjusted
agreement and are therefore more robust than simple percent agreement, when the prevalence
of one of the categories is much higher than that of the other, chance agreement will be high
and kappa can have unexpectedly low values.14-16 For percent agreement a score of 75% or
greater is considered acceptable and > 80% is considered high).16 For PABAK coefficients
the strength of agreement is expressed by the following descriptors: 0=poor, 0.010.20=slight, 0.21-0.40=fair, 0.41-0.60=moderate, 0.61-0.80=substantial and 0.811=excellent.15

Adequacy of reporting of exercise interventions
The number of items that were well reported for each study was tabulated, and the
consistency of each item across all the studies was evaluated. A completeness of reporting
score (number reported as a percentage of all 19 CERT criteria), was calculated for each
included paper.

Results
The search identified 1581 papers and 1471 were excluded because they were duplicates or
did not meet the inclusion criteria. Reasons for exclusion included trial not for a
musculoskeletal condition, participants not adults (children and adolescents), publication
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prior to 2010, and physical therapy without an exercise component or no exercise
intervention. The random sample of 20 trials selected from the remaining 110 studies is
described in Appendix 2.17-36

Details of what supplementary materials were identified when needed, whether the trial
report and supplementary papers were published in an open access journal, the time taken to
appraise each study and time to retrieve additional data by reviewer is shown in Table 1.In
general, the CERT novice took longer to appraise studies. Typically, appraisal took longer
(ranging from 40 to 55 minutes) when the description of the exercise intervention was in the
text of the primary paper rather than summarised in tables/figures (2/20 trials),30, 31or when
additional information had to be accessed from a protocol or other published papers and/or
online appendices (11/20 trials).17, 1922, 24-26, 32, 33, 36 When relevant data could be easily
accessed by a direct web link or were clearly presented in a figure or table (7/20 trials), the
appraisal took less time (ranging from 20 to 30 minutes). 18, 23, 27, 30, 31, 34, 35

There were limitations to obtaining the exercise program details from the primary trial paper
and other sources such as supplementary data and published literature due to lack of open
access or restricted or inactive web links (Table 1). Nine published papers were behind a pay
wall and required, for example, a subscription or payment (one of these was available via the
Research Gate website). For other sources, such as referenced papers containing the exercise
intervention or published protocol, 12 were behind a paywall. For three of the exercise
interventions, it was necessary to source and read in detail more than two publications and/or
a book. Three interventions had dedicated websites. However these were not apparent from
reading the report, and were identified by general internet searches (Table 1)37-53.
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For 10 (50%) trials, a relevant cited website, such as an open access journal, contained
required information about the exercise interventions.19-26, 32, 33 A databank such as
www.researchgate.net or www.academia.edu also provided access for 20% of these 20, 22, 23, 31,
35

but one was not accessible.31Ten (50%) trials lacked sufficient detail in the primary report

and required reference to a total of 16 published papers,37-52of which only 12 were open
access.38-44, 47-51Five of the open access reports also provided information about, or links to, a
published protocol,17-19, 122, 23but one of these was not open access.19
Inter-rater agreement of CERT assessment
Table 2 presents percent agreement and PABAK coefficients for each item. Overall interrater agreement was high according to percent agreement (13/19 items >80%); with PABAK
it was substantial (9 items: 0.61 – 0.80) or excellent (3 items: 0.81-1.0). Lowest or fair
agreement was seen for the description of a starting level decision rule (55% agreement,
PABAK 0.30); tailoring of exercise (65% agreement, PABAK 0.40); description of
equipment (65% agreement, PABAK 0.30); and motivation strategies (70% agreement,
PABAK 0.40).

Twelve of the possible 19 CERT items had a substantial or excellent PABAK coefficient
(0.61 – 1.00); three items had a moderate coefficient (0.41- 0.60) and four items had a fair
coefficient (0.21 – 0.40). Where there was disagreement, the experienced (SS) more
frequently rated an item as not reported (40 occasions) compared with the novice (SF) (9
occasions) and this may reflect greater familiarity with the CERT contents and decision rules.
Consensus was reached on all the dissonant item and trial scores without the need for an
independent arbiter.

The novice reviewer was unable to make a decision about whether or not a criterion had been
met on 12 occasions and consensus was reached following discussion without the need for
9

independent arbitration. Where there were differences in opinion, the final consensus was
twice as likely to be the expert reviewer’s assessment (n=37) compared with the novice
reviewer’s assessment (n=18).

The results of the CERT for each study by reviewer and by final consensus are presented in
the supplementary online appendix. Not including the items for which the novice reviewer
could not make a decision (11 occasions), there was perfect agreement across all items
between reviewers for one trial and disagreement on one, two, four or five out of the 19 items
in two trials each, and disagreement for three items for nine trials.

Final consensus CERT results
Based upon the final consensus, none of the trials fulfilled criteria for all CERT items. The
mean number of CERT items that were fulfilled was 9.9 with a range of 4 to 13. Well
reported items included supervision (19 trials, 95%), intervention duration (18 trials, 90%)
and setting (17 trials, 85%). The most poorly reported items were description of motivation
strategies, which was only reported in one trial,32 adherence to the intervention (four trials,
20%),21, 24, 30, 36decision rule for starting level (five trials, 25%),25-28, 33progression decision
rule (seven trials, 35%),17, 20, 25, 26, 33, 35, 36 tailoring exercises to the individual (seven trials,
35%),17, 21, 22, 25, 27, 29, 33 and description of the home exercise program (8 trials, 40%).17, 18, 20,
23-25, 29, 35

Less than half (9 trials, 45%) described the exercise equipment used, provided a

detailed description of each exercise, described exercise adherence or whether it was
individual or group exercise.

Table 3 provides verbatim examples of poor or incomplete reporting of exercise interventions
and the reasons why the items were considered to be poorly or incompletely reported.
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Discussion
Overall, the inter-rater reliability of the CERT scoring was high when measured by both
percent agreement and PABAK coefficient. Items of lower inter-rater agreement concerned
reporting of the descriptions of exercise equipment, what constituted non-exercise
components of an intervention, how the exercises were tailored to the individual, how a
starting level of exercise was determined and reporting of adherence to the intervention.

The initial construction of item 7 about exercise progression was problematic for raters in
reaching agreement in the pilot and was amended to 7a (progression decision rule) and b
(how progressed) for clarification. Following full data extraction the independent raters made
suggestions to clarify/amend the wording of items 1 (exercise equipment), 10 (non-exercise
components), 14b (how tailored to the individual), 15 (starting level decision rule), and 16b
(extent of intervention adherence) (Appendix 1). These changes informed the Explanation
and Elaboration Statement that is designed to guide implementation of the CERT.11

The mean time to appraise the reporting of interventions was 30 minutes when no additional
sources of information were required. However, this time doubled when data extraction
extended to additional sources of information and does not include time taken to source the
various links and websites for relevant data describing the exercise and comparison
interventions. Our review was hampered by finding that some of the websites and online
appendices containing these data were no longer active. In addition, the more complex items,
such as explicit descriptions of the exercises and exercise dosage and progression, which
require greater explanation, were also more likely to be poorly reported. Clinicians wanting
to fully replicate an exercise intervention are unlikely to have the time, resources and/or
access to obtain the necessary details and materials required.
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We suggest that authors should be obliged to make a detailed description of their intervention
available at the time of publication of trial results. If not detailed in the paper, it should be
easily and freely accessible, such as in a separate intervention design paper in an open access
journal, a stable ‘intervention bank’ or as an on-line supplement to the main results paper. We
concur with Hoffman et al7 that the provision of a stable ‘intervention bank’ (e.g. videos,
manuals, and fidelity tools linked to trial registration number) would overcome the problem
of word restrictions in journals. Many universities, and some funders, now maintain open
access repositories that would be able to securely curate such material.

We found a high rate of incomplete reporting of exercise interventions in the musculoskeletal
trials we reviewed. The omission of essential information about exercise interventions is a
barrier to valid interpretation of the trial results, implementation of these programs in clinical
practice and replication in research. Incomplete reporting of key features of the exercise
intervention in primary papers also has important consequences for the conduct,
interpretation and use of systematic reviews, in particular determining whether or not the
interventions are sufficiently homogenous to be able to pool data for meta-analysis.A
significant omission in many reports was explicit description of the actual exercises and the
exercise dosages and progressions. This is a core component of exercise and we propose that
this is an easily remediable factor.

Although rater 2 was a novice to the checklist, its utility was reflected in competence
following two video-conferencing training sessions and consensus without the need for
independent arbitration from the research team. While the novice did receive training and
benefited from a pilot period, others who have used the CERT have reported no difficulties in
using the Explanation and Elaboration Statement and Checklist.54, 55
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Completeness of reporting has been investigated for the CONSORT Statement56-60and the
TIDieR Checklist.7, 56Inter-rater reliability has not been routinely evaluated for reporting
guidelines. We located one example for the TIDieR Checklist61in which the authors reported
that the PABAK coefficient was ‘substantial’ or ‘almost perfect’ (i.e. 0.61 or higher) for just
13 of the 34 TIDieR items. This improved following discussion and consensus. Other
methodological studies have investigated instrument characteristics such as internal
validity.62-64

The CERT provides a user-friendly framework for comprehensive reporting of exercise
interventions and can be completed by a novice reviewer. Completion of the CERT reporting
guideline would aid in ensuring that all important elements of the exercise intervention have
been described in trial protocols and results papers. We recommend that authors read and use
the Explanation and Elaboration Statement to supplement the CERT checklist when they are
designing and reporting exercise interventions. Several journals have already included
consideration of the CERT as a mandatory component of the manuscript submission process.
In addition to journal endorsement, routine publication of protocols and access to intervention
manuals, trial websites and graphic or video tools via links in the primary paper would also
be worthwhile.

Strengths and limitations
We used an internationally endorsed reporting guideline, two independent raters assessed
intervention reporting and there was very good to almost perfect agreement for the majority
of CERT items. We used a random sample of RCTs that varied across journals, conditions
and contexts. Missing intervention details were obtained by sourcing reference materials e.g.
previous publications, online and supplementary data.
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The random sample of included trials may not be representative of all RCTs of exercise for
musculoskeletal conditions published between 2010 and 2015. Also the level of inter-rater
agreement may be over-estimated due to the small sample size of 20. The precision of the
PABAK estimates would have been higher with more studies. Overall, however, the high
degree of agreement and consistency of findings, using two different statistics, provide strong
support to our conclusions.

Implications for research
We recommend research to (1) explore and understand why authors do not provide complete
descriptions of exercise interventions e.g. identify the barriers and enablers; (2) explore what
clinicians consider that they need to implement the published interventions into their clinical
practice; (3) evaluate the effect of journal implementation of the CERT reporting guideline
on the quality of published reports and determinants of usefulness for peer review; and (4)
establish a consensus about how to determine the starting level of an exercise program and
include consideration of such factors as strength testing, aerobic capacity, physical ability,
preference, exercise experience.

Implications for practice
We suggest a requirement for manuscripts to contain explicit descriptions of: (1) the actual
exercises, for example in online appendices, as photographs or embedded videos; (2) exercise
dosages and progressions in, for example, exertion or resistance; (3) how exercises are
individualised. The absence of these components is a barrier to the translation and
implementation of exercise interventions and has implications for patient outcomes.

We recommend that authors and reviewers use the CERT to evaluate the completeness of
reporting of exercise interventions in trial protocols and reports. The CERT could also be
14

used as a template for extracting details about exercise interventions in systematic reviews of
trials of exercise and be included in the Characteristics of Included Studies Tables in
Cochrane reviews.
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Appendices
Appendix 1: Consensus on Exercise Reporting Template
CERT Consensus on Exercise Reporting Template
A Checklist for what to include when reporting exercisese programs
Section/Topic

Item #

WHAT: materials

1

WHO: provider

2

HOW: delivery

3

Detailed description of the type of exercise equipment (e.g. weights, exercise equipment
such as machines, treadmill, bicycle ergometer etc)
Detailed description of the qualifications, teaching/supervising expertise, and/or training
undertaken by the exercise instructor
Describe whether exercises are performed individually or in a group

4

Describe whether exercises are supervised or unsupervised and how they are delivered

5

Detailed description of how adherence to exercise is measured and reported

6

Detailed description of motivation strategies

7a

Detailed description of the decision rule(s ) for determining exercise progression

7b

Detailed description of how the exercise program was progressed

8

Detailed description of each exercise to enable replication (e.g. photographs, illustrations ,
video etc)
Detailed description of any home program component (e.g. other exercises, stretching etc)

9

Checklist item

Location **
Primary paper
† Other (paper or
(page, table,
protocol, website
appendix)
(URL)
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10
11

Describe whether there are any non-exercise components (e.g. education, cognitive
behavioural therapy, massage etc)
Describe the type and number of adverse events that occur during exercise

WHERE: location

12

Describe the setting in which the exercises are performed

WHEN, HOW
MUCH: dosage

13

Detailed description of the exercise intervention including, but not limited to, number of
exercise repetitions/sets/sessions, session duration, intervention/program duration etc

TAILORING:
what, how

14a

Describe whether the exercises are generic (one size fits all) or tailored to the individual

14b

Detailed description of how exercises are tailored to the individual

15

Describe the decision rule for determining the starting level at which people commence an
exercise program (such as beginner, intermediate, advanced etc)

16a

Describe how adherence or compliance to the exercise intervention is assessed/measured

16b

Describe the extent to which the intervention was delivered as planned

HOW WELL:
planned, actual

*It is recommended that this checklist is used in conjunction with the Explanation and Elaboration Statement which is a guide each item in the CERT Checklist
The CERT Checklist is designed for reporting details of an exercise intervention. The CERT Checklist should be used in conjunction with a reporting checklist
appropriate for the study type e.g. the CONSORT Statement (www.consort‐statement.org) for randomised controlled trials, the SPIRIT Statement (www.spirit‐
statement.org) for a clinical trial protocol. For further guidance regarding reporting guidelines please consult the EQUATOR network (www.equator‐network.org)
** Authors – please use N/A if an item is not applicable

Reviewers – please use ”?” if information is not provided or not/insufficiently reported

†

If the information is not provided in the primary paper that is under consideration, please provide details of where this information is available e.g. in a published
protocol, published papers (provide citation details) or on a website (provide the URL).
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