Andersen et al. BMC Medical Research
BMC Medical Research Methodology (2024) 24:306

https://doi.org/10.1186/512874-024-02413-0 Methodology

CRIME-Q—a unifying tool for critical s

appraisal of methodological (technical) quality,
quality of reporting and risk of bias in animal
research

Mikkel Schou Andersen'?*", Mikkel Seremet Kofoed'??, Asger Sand Paludan-Mdiller*®,
Christian Bonde Pedersen'??, Tiit Mathiesen’®%'% Christian Mawrin'', Birgitte Brinkmann Olsen?'%'3,
Bo Halle'*? and Frantz Rom Poulsen'3

Abstract

Background Systematic reviews within the field of animal research are becoming more common. However, in ani-
mal translational research, issues related to methodological quality and quality of reporting continue to arise, poten-
tially leading to underestimation or overestimation of the effects of interventions or prevent studies from being
replicated. The various tools and checklists available to ensure good-quality studies and proper reporting include
both unique and/or overlapping items and/or simply lack necessary elements or are too situational to certain condi-
tions or diseases. Currently, there is no tool available, which covers all aspects of animal models, from bench-top
activities to animal facilities, hence a new tool is needed. This tool should be designed to be able to assess all kinds

of animal studies such as old, new, low quality, high quality, interventional and noninterventional on. It should do this
on multiple levels through items on quality of reporting, methodological (technical) quality, and risk of bias, for use

in assessing the overall quality of studies involving animal research.

Methods During a systematic review of meningioma models in animals, we developed a novel unifying tool that can
assess all types of animal studies from multiple perspectives. The tool was inspired by the Collaborative Approach

to Meta Analysis and Review of Animal Data from Experimental Studies (CAMARADES) checklist, the ARRIVE 2.0 guide-
lines, and SYRCLE's risk of bias tool, while also incorporating unique items. We used the interrater agreement percent-

age and Cohen’s kappa index to test the interrater agreement between two independent reviewers for the items

in the tool.

Results There was high interrater agreement across all items (92.9%, 95% Cl 91.0-94.8). Cohen's kappa index showed
quality of reporting had the best mean index of 0.86 (95%-Cl 0.78-0.94), methodological quality had a mean index
of 0.83 (95%-Cl 0.78-0.94) and finally the items from SYRCLE's risk of bias had a mean kappa index of 0.68 (95%-Cl
0.57-0.79).

Conclusions The Critical Appraisal of Methodological (technical) Quality, Quality of Reporting and Risk of Bias in Ani-
mal Research (CRIME-Q) tool unifies a broad spectrum of information (both unique items and items inspired by other
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in terms of replicability, transparency, and validity.

Critical appraisal, Risk of bias, Methodological approach

methods) about the quality of reporting and methodological (technical) quality, and contains items from SYRCLE's risk
of bias. The tool is intended for use in assessing overall study quality across multiple domains and items and is not,
unlike other tools, restricted to any particular model or study design (whether interventional or noninterventional).
Itis also easy to apply when designing and conducting animal experiments to ensure proper reporting and design

Keywords Animal research, Preclinical research, Preclinical studies, Systematic review, Preclinical methodology,

Introduction

Systematic reviews and meta-analyses are at the pinna-
cle of evidence-based decisions [1]. Although systematic
reviews of preclinical studies are not yet standard prac-
tice, the approach is becoming more common [2]. Sys-
tematic reviews within the field of animal studies should
be performed with high methodological quality [3, 4],
as they have the potential to be valuable in illuminating
important gaps in translational science [5]. In accordance
with the 3Rs (reduction, refinement, replacement), sys-
tematic reviews can integrate available observations and
thereby synthesize a comprehensive view of preclinical
knowledge for translation to clinical trials and to explic-
itly define pre-clinical knowledge gaps; a well-defined
knowledge gap supports trial designs that avoid waste of
animals and other resources as well as unnecessary dupli-
cation of effort by presenting relevant literature within
a given field [6]. A major challenge for all systematic
reviews is systematic violation of publication ethics and
widespread availability of paper-mill papers and publi-
cations of inferior quality [7, 8]. Assessment of scientific
quality is thus fundamental in the present publication
landscape.

Several issues in the methodological quality and
reporting of animal studies can lead to under- or over-
estimation of the effects of interventions or simply pro-
duce results that cannot be replicated [9]. These flaws
can often be addressed through proper study design
and reporting, aided by the implementation of the
ARRIVE 2.0 guidelines for Animal Research: Report-
ing of In Vivo experiments [10], which is developed
by the National Center of 3Rs. However, many studies
still fail to adhere to these guidelines in reporting, and
ultimately, quality remains insufficient [11]. Given that
proper assessment of the quality studies included in
systematic reviews is indispensable [12], various criti-
cal appraisal tools and checklists have been suggested
for assessing study quality [10, 13-15]. The tools pre-
sented in the systematic review by Krauth et al. [13]
describe different aspects of quality of reporting, meth-
odological quality and risk of bias, and the elements/
items for the various tools either overlap, are lacking,
and/or are simply too situational to certain conditions/

diseases [13]. Furthermore, there is a heavy focus on
interventional rather than noninterventional studies
for instance studies entailing the development of a spe-
cific animal model. Finally, the tools lack assessment of
the laboratory work carried out in relation to an ani-
mal study. There are certain bench-top factors—such
as cell handling prior to implantation or the mixing of
compounds—that can influence the outcome, which is
why it is crucial to assess them. Despite the many tools,
none can be applied universally to preclinical studies
and subsequently systematic reviews need apply differ-
ent quality criteria for different studies in in one study.

In the absence of a validated tool for the critical assess-
ment of records describing both in vitro and in vivo
(and noninterventional) studies, we developed a critical
appraisal tool, which fills the gaps in assessing the litera-
ture with new unique items, but is also inspired primar-
ily by the following tools and checklists: Macleod et al.
(2004) with the reliability and validity tested Collabora-
tive Approach to Meta Analysis and Review of Animal
Data from Experimental Studies (CAMARADES) check-
list [16], Cramond et al. (2016) [14], the ARRIVE 2.0 [10]
guidelines and the validated SYRCLE’s risk of bias tool
[15], which is based on the Cochrane Collaboration’s tool
for assessing risk of bias in randomized trials [17].

We have named the developed tool the Critical
Appraisal of Methodological (technical) Quality, Qual-
ity of Reporting and Risk of Bias in Animal Research (or
simply CRIME-Q). It addresses the quality of reporting,
methodological quality (technical quality) and risk of bias
and is applicable in potentially all kinds of animal stud-
ies. The quality of reporting refers to how well the infor-
mation in the studies is described, ensuring that it can be
replicated accurately. Methodological quality refers to the
thoroughness and effectiveness of the technical aspects
and performance of the studies, assessing whether the
experiments were conducted with precision, and finally,
risk of bias focuses on the various biases that can arise
when designing and performing a study. The aims of the
current study was to present and to discuss the CRIME-
Q items, to display results from the internal validation
through Cohen’s kappa statistics and to describe how the
CRIME-Q results can be presented.
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Methods

Development

The CRIME-Q was developed during a systematic review
of meningioma models in animals [18]. The author
group’s a priori knowledge of the literature in this area
meant that a tool was needed that could assess both
interventional and noninterventional results as well as
assess studies on multiple levels in a nuanced manner in
terms of quality of reporting, methodological (technical)
quality and risk of bias and assess bench-top/laboratory
work related to animal model. In the search of such a
tool, we assessed multiple guidelines, checklists, and risk
of bias tools for use in our systematic review but found
that none of them covered the study area satisfactorily
[10, 14-16, 19-44]. Hence, we found inspiration from
and based the new tool on multiple sources, including
and primarily the ARRIVE 2.0 [10], Macleod et al. (2004)
with the CAMARADES checklist [16], Cramond et al.
(2016) [14], and SYRCLE’s Risk of Bias [15], and also
included unique items not found in available tools. Inspi-
ration was especially drawn from the ARRIVE 2.0 guide-
lines since these help ensure the optimal use of animals in
research. The risk of bias (RoB) tool was included partly
to complement quality of reporting (QoR) and methodo-
logical quality (MQ) but also to compare its performance
against the QoR and MQ. The authors have distinct
expertise to aid in the development of the tool within the
fields of neurosurgery/oncology, epidemiology, and ani-
mal and cell-based models. Based on these experiences,
items were presented to the author group for discus-
sion. Some of the quality of reporting items were based
on and inspired by other tools, as described, and other
quality of reporting items were de novo (defined by the
authors), such as 2X. The methodological quality (Y) cat-
egories were all de novo with the exception of sample size
calculation. The risk of bias items were replicated from
the existing tool [15]. The inclusion of specific items
from Hoojimans et al’s Syrcle’s RoB tool [15] is delib-
erate, because it is a well validated tool. We chose the
remaining items based on assessing beforementioned lit-
erature and through internal discussions. All the authors
reviewed the final CRIME-Q items and agreed upon the
definitions and final tool composition.

Primary sources of inspiration

As stated, the primary sources of inspiration were
ARRIVE 2.0 [10] (the recommended), Macleod et al.
(2004) with the CAMARADES checklist [16], Cra-
mond et al. (2016) [14], and the SYRCLE risk of bias
[15] tools. Table 1 provides an overview of the differ-
ent items included in CRIME-Q and how they corre-
spond with our primary sources of inspiration. Table 1
also shows, where CRIME-Q contains unique items,
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which is not present in any other available tools, we
have assessed. The ARRIVE guidelines 2.0 are primar-
ily used in reporting but can also be used in reviewing
manuscripts. ARRIVE 2.0 assesses many of the desired
and included items but does not contain information
on the in vitro/bench-top part of the study, limitations,
potential conflicts of interest, and publication bias. The
CAMARADES checklist overlaps with ARRIVE 2.0 but
also adds in terms of peer review and conflict of interest.
It was developed for stroke models and contains items
such as “blinded induction of ischemia” and “use of anes-
thetic without significant intrinsic neuroprotective activ-
ity, which cannot be extrapolated to reviewing literature
in other areas. Cramond et al. describe the protocol for
comparing the completeness of reporting of in vitro and
in vivo research carried out in Nature Publication Group
Journals when reviewing submitted manuscripts. In this
publication, they included the signaling questions used
in the appendix. None of the tool’s 78 unique questions
provide insight into any items on technical design aspects
(handling of experiments; cells, animals, and experimen-
tal aspects) but give important and elaborate insight
into statistical considerations (sample size and statisti-
cal plan), randomization, and blinding. Finally, SYRCLE’s
risk of bias was included because it is the validated risk
of bias tool for animal studies and aligns with current
literature.

Internal validation

Validation of CRIME-Q was performed via blinded
assessment of all items of the tool by two reviewers (MSA
and MSK). This was done during the preparation of a sys-
tematic review based on 114 published articles on animal
models within the same field [18].

Statistical considerations

Cohen’s Kappa (k) statistics [45] was used to assess inter-
rater reliability. We used the nominal Cohen’s Kappa for
all data (X, Y, Z). Cohen’s Kappa was calculated using
Stata/BE 17.0 (StataCorp LLC, TX, USA). Graphs and
descriptive statistics were generated using GraphPad
Prism 9.5.1 (GraphPad Software, MA, USA).

Description of CRIME-Q items and justification

for their inclusion

The CRIME-Q tool is a multimodal critical appraisal tool
for animal model studies with the intended purpose of
providing an overview of a record or manuscript’s overall
validity and usability. Considering the heterogeneity (or
simply lack thereof [11]) in the reporting of animal stud-
ies, the tool’s items encompass the objective assessment
of the quality of reporting — how well is the reporting
done; methodological quality — how well were the study’s
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Table 1 Primary sources of inspiration for the CRIME-Q tool. This table displays the items from CRIME-Q, their sources of origin, and

how these sources overlap or lack specific items

All CRIME-Q items Type CRIME-Q Arrive 2.0.The The Cramond SYRCLE's
unique recommended CAMARADES etal.[14] risk of bias
items [10] checklist [16] [15]
1X Peer review QoR X
2X Bench-top/laboratory work related to establishing QoR X (X)
model—Reporting
2Y Bench-top/laboratory work related to establishing MQ X
model — Methodology (technical quality)
3X Animals—Reporting QoR X X X
3Y Animals — Methodology (technical quality) MQ X
37 Selection bias (baseline characteristics) RoB X X
4Y Sample size calculation MQ X X
5X in vivo design and performance—Reporting QoR X X
5Y in vivo design and performance — Methodology MQ X
(technical)
5Z (1) Selection bias (Sequence generation) RoB X X X
57 (2) Performance bias (Random housing) RoB X X
57 (3) Detection bias (Random outcome assessment) RoB X X X
6X Compliance with animal welfare regulations QoR X X
7X Blinding QoR X X X X
7Z (1) Performance bias (Blinding) RoB X X X X
77 (2) Allocation bias (allocation concealment) RoB X X X
77 (3) Detection bias (blinding) RoB X X X X
8X Congruency between methods and results QoR X
87 (1) Attrition bias (incomplete outcome data) (SYRCLE Item ~ RoB X
8)
8Z (2) Reporting bias (Selective outcome reporting) (SYRCLE ~ RoB X X
[tem 9)
OX Presentation of limitations QoR X
10X Statement of potential conflict of interest QoR X
102 Publication bias (influence) (SYRCLE Item 10) RoB X

QoR Quality of reporting, MQ Methodological quality, RoB Risk of Bias

technical aspects, choice of animals, proper handling of
cells, and performance of experimentation/surgery exe-
cuted; and risk of bias — assessing the design and execu-
tion of the study, from bench-top to in vivo experiments,
which makes the tool unique.

The following section first describes the three main
categories of the CRIME-Q: quality of reporting (QoR),
methodological quality (MQ), and risk of bias (RoB).
Furthermore, the tool is subdivided into domains (1-10)
and 23 items. The 23 individual items are then described
in turn with an indication of whether they relate to the
QoR (X), MQ (Y), or RoB (Z). An overview is presented
in Table 2.

Quality of reporting (QoR)

Transparency and replicability/reproducibility are cen-
tral to scientific research [46]. Transparency ensures
that findings and methods can be assessed by other

researchers and helps to ensure an unbiased approach.
Transparency requires that the reported results and
methods used to obtain these results are traceable.
Reproducibility provides credibility and means that
research findings can be trusted with more certainty.
Research is deemed reproducible when study results can
be replicated using the same method and design.

The QoR refers to the quality of information that the
records provide. The QoR is denoted as X in the fol-
lowing. Records should provide sufficient descriptions
and details to ensure that studies can be replicated/
reproduced. The information needed to assess the QoR
will differ based on the specific topic. It is important for
users of the CRIME-Q to make a predetermined list of
information needed to replicate/reproduce the studies in
question. The important items included should also be
based on the 3Rs (reduction, refinement, replacement),
which ensures the optimal use of animals in research.
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Items from ARRIVE 2.0 was used for this purpose as pri-
mary source of inspiration. Further inspiration for QoR
items in relation to the 3Rs can be found in Hooijmans
et al. 2010 [24]. If the study is fully described in accord-
ance with the individual QoR items, then a full “X” is
recorded. If the study is only partially described (i.e.,
some details are missing in accordance to the predeter-
mined definition but the study can be reproduced at least
partially), then “(X)” is recorded. If studies are seriously
lacking in descriptions and information, a “0” is recorded.

Methodological quality (MQ)

To assess methodological quality (technical quality),
the reviewers need to be knowledgeable within the
field covered by the studies. Methodological quality in
the CRIME-Q tool is an assessment of how feasible the
results are, based on the methods presented and whether
the study was well performed technically. Could the
results be achieved based on the technical performance
of the experiments? For instance, did the researchers
handle the specific tissue or cells appropriately and show
correct use of culture medium, incubator settings, and
surgical methods, as well as address any issues related
to, e.g., a wide age range or weight gaps in the animals.
A fundamental aspect is the use of controls—positive
and negative controls must be included for all analyses
where false positive or negative findings are possible.
This relates to both laboratory techniques and animal
experiments.

It is clear that poor reporting quality affects the assess-
ment of methodological quality. In the CRIME-Q tool,
MQ only applies to the key elements of bench-top, ani-
mals, and in vivo design/performance. MQ in CRIME-Q
is dependent on the assessor group’s knowledge within a
given field, meaning the definition of a well-performed
method/study will be based on the author group’s defini-
tions. It is important to note that a predetermined defi-
nition of quality is needed prior to assessments, e.g., a
description of proper handling of a certain tissue or the
definition of an appropriate animal type, e.g., the mice
used for neurobehavioral studies would be suboptimal to
the superior rat in this regard. If a study is considered to
show good (technical) performance, a “Y” is recorded. If
it shows partially good performance, a “(Y)” is recorded,
and a study that is poorly performed/cannot be assessed
is recorded as “0”

Risk of bias (RoB)

An assessment of risk of bias (RoB) is essential in system-
atic reviews. Its wide use in clinical systematic reviews
has led to the Cochrane Collaboration developing a vali-
dated tool—the Cochrane Risk of Bias Tool [17, 47]. The
ability of a systematic review to draw reliable conclusions
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relies on the validity of the data and the results/conclu-
sions of the included studies. Many studies have issues
in this regard—more so for animal studies, which show
severe deficits [26]. SYRCLE’s RoB tool [15] is a validated
tool to assess animal intervention studies. It contains ten
elements and was based on the Cochrane RoB tool, with
which it shares five items. We find it crucial to include
elements from SYRCLE’s RoB tool in the CRIME-Q to
ensure uniformity and comparability to previous work
that uses SYRCLE’s RoB tool. Furthermore, items of SYR-
CLE’s RoB tool have been placed in appropriate domains,
i.e., 3. Animals, 5. In vivo design and performance, 7.
Blinding, 8. Congruency in the data and methods and
10. Statement of potential conflicts of interest for easier
assessment and overview of the individual domains. It is
important to note that some of the SYRCLE’s RoB ele-
ments are applicable only in intervention studies; these
items are recorded as “not applicable/NA” when using the
CRIME-Q. Otherwise, the RoB assessment is recorded as
yes, no, or unclear. Furthermore, SYRCLE’s risk of bias
item 10 contains more examples under the overall ques-
tion of “Was the study apparently free of other problems
that could result in high risk of bias?’, which could be
included if needed based on the area of interest. For item
10 we have chosen to include publication bias (influence),
since it is the broadest and most applicable generally.

Peer review
Quality of reporting

Peer review is the standard method for selecting sci-
entific work for publication and improving the quality
of research, where peer reviewers’ comments identify
manuscript flaws [48]. It is important to note that peer
review also results in bias against negative studies [49].
There are limitations to the peer review process and it
is prone to inconsistencies in the assessments [50]. It is
important to note not peer reviewed studies can be of
good quality. The inclusion of peer review in this tool is
to provide the user and reader with transparency regard-
ing the assessed studies. Peer review has been included in
this critical appraisal tool and is categorized as quality of
reporting (QoR). It can be assessed via the question: Did
the paper undergo peer review prior to publication? If the
study was peer reviewed, record “X”; and if not record “0".

Bench-top activities

Quality of reporting This item refers to all bench-top/
laboratory work carried out in relation to the animal
model described in a given study. The most important
aspect is the ability of the available information to pro-
duce replicable results. Information required to replicate
experiments could entail the following. For example,
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if working with cells/tissues: i) Cell line description
and origin (how/where were the established cell lines
acquired, or type of tumor/patient regarding primary
cells), is the passage number described (if primary cells),
and how were the cells/tissues handled; in what culture
medium were the cells grown in and resuspended in. ii)
What were the incubator settings? iii) Which reagents
were used; description of medium including add-ons
(fetal bovine serum percentage and other reagents) and
origin (and lot number if appropriate). iv) Was there any
testing of pathogens in the laboratory e.g., mycoplasma.
Or, for example, if a genetically engineered model was
used, how was it created, and which system was used?
Basically, all aspects should be described to such a degree
that the model can be replicated. This can differ depend-
ing on the kind of model being assessed. Authors of sys-
tematic animal study reviews should be clear as to which
aspects were assessed. If the study is deemed fully repli-
cable, record “X”; if it is only partially replicable, record
“(X); if it is deemed unreproducible, record “0”.

Methodological quality The methodological approach
or quality of the bench-top/laboratory practice is based
on how well was performed and whether the results
and method were feasible with the method presented.
There are certain bench-top factors that can influence
the outcome. While the animal model and experimental
aspects might be sound, suboptimal bench-top proce-
dures prior to in vivo experiments can still affect results.
For instance, were the incubator settings appropriate for
the type of cells? Were reagents handled appropriately?
In general, was the bench-top protocol feasible and well
performed in relation to the in vivo experiment? Was
it likely that the intended aim could be obtained based
on the bench-top method? If yes, then record “Y”; if in
doubt, but there are good elements, record “(Y)”; if it is
deemed insufficient, then record “0” Studies with poor
reporting (2X) will have difficulty obtaining high 2Y
because of low transparency and limited ability to assess
methodological quality.

Animals

Quality of reporting A proper description of the ani-
mals used in a study is crucial, as the results can be
directly linked to certain species, strains, and even sex.
Were the animals used in the experiment sufficiently
described? Were all the animal parameters (species,
strain, age, weight, sex, and manufacturer) sufficiently
described as indicated in the ARRIVE 2.0 guidelines [10].
A full “X” is given if the species, strain, age, and weight
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are sufficiently described or if just the weight is missing
but the manufacturer is included (minor details miss-
ing). If only partially described, then “(X)” is recorded. If
the user is not able to correctly identify the animals, the
score is recorded as “0".

Methodological quality This section can be answered
with the simple question: Were the animals used in vivo
appropriate for the experiments? e.g., were immuno-
deficient or immunosuppressed animals used for xeno-
grafts; Were there any incongruencies or broad base-
line characteristic ranges (e.g., in age, weight) that were
not addressed and explained? If the animals chosen are
appropriate for the study, then record “Y”; if in doubt
(due to type or description), but is probably appropriate,
record “(Y)”; if the animals are deemed not appropriate,
then record “0” Studies with poor reporting (3X) will
have difficulty obtaining high 3Y because of low transpar-
ency and limited ability to assess methodological quality.

Risk of bias Selection bias (baseline characteristics)
(Item 2 in [15]) Was the distribution of relevant base-
line characteristics balanced between groups (i.e., was
the distribution of, e.g., sex or weight equally distributed
throughout groups)? Did the study use similar base-
line characteristics for the animals (species, strain, age,
weight, type)? Yes/no/unclear/NA. Given that this item is
applicable only for intervention studies, nonintervention
studies will be recorded as “not applicable/NA”.

Sample size calculation

Methodological quality Although sample size is an
important aspect of research, it is often not considered
in experimental in vivo designs [51]. An underpowered
study might miss any significant differences, while an
overpowered study might waste resources [52]. There
are two methods for calculating sample size: calculating
sample size based on power analysis (recommended) or
using a resource equation, which should be used when it
is not possible to assume effect size [37]. The sample size
calculation is of methodological quality origin and hence
is included here. Questions to be asked include: Does the
study state how the sample size was chosen to ensure
adequate power to detect effect size a priori, and/or is
there a statement regarding sample size even if no statisti-
cal methods were used? If records include sample size (or
a statement if no sample size) and it is appropriate, then
record”Yes”/”Y", if only partly described”Partly”/”(Y)’,
and if it no description or inappropriate use then”No”/0.
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In vivo design and performance

Quality of reporting A description of the in vivo design
and performance and the determination of transparency
and replicability based on the information given can be
complicated. Useful descriptions are given in the “Essen-
tial 10 and Recommended” items of the ARRIVE 2.0
guidelines [10] and are utilized in this section. In general,
a description should be as detailed as possible for a third
party to perform and replicate results in terms of study
design, description of the experiment and how it was per-
formed, description of groups, duration of intervention,
and which outcome measurements were used to assess
desired outcomes. Failure to disclose all outcome meas-
urements chosen before the start of the study introduces
positive outcome bias, where only significant positive
outcomes are reported in contrast to negative outcomes
[53, 54]. It is paramount for users of the CRIME-Q tool
to describe which aspects were used to assess the quality
of reporting for the specific model under review with a
predetermined list of information needed.

Some possible examples are as follows:

+ Was the surgery/procedure to establish the model
sufficiently described? Design, performance, sham
surgery, etc.

+ Was the duration/time frame/follow-up time of the
experiment sufficiently described?

+ Was the implantation process described in detail?
Number of cells and buffer solution used, place of
injection with coordinates, use of a stereotactic frame
or not, description of anesthesia (dose and route of
administration), and how euthanasia was performed?

+ Intervention: was the randomization process
described (random allocation treatment)?

« Is the number of animals reported? (if animals were
discarded, was this described?)

+ Use of inclusion/exclusion criteria when selecting
animals?

+ A thorough description of outcome measures, i.e.,
size of tumor after treatment, behavioral changes,
molecular markers, etc., and were the primary and
secondary outcomes adequately described?

+ How were the animal experimental groups kept, e.g.,
single animals, litter, cages?

Methodological quality Did the methods/experi-
ments technically seem feasible and well performed with
respect to the study’s aim and outcome in contrast to/
in line with known literature in the field? Is it likely that
the in vivo design or performance influenced the results
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due to incomprehensive or inappropriate methods? For
example, was the surgery well-performed based on the
description, or was it plausible that the duration of the
experiment would align with the expected pharmaceuti-
cal response? Additionally, are the statistics reported in
such a way that variability and risk of type-2 error can be
assessed, for instance through the use of 95% confidence
intervals? If the study is deemed of high methodological
(technical) quality, then record “Y”; if in doubt, but there
are good elements, record “(Y)”; if it is deemed insuffi-
cient or poor, then record “0” Studies with poor report-
ing (5X) will have difficulty obtaining high 5Y because of
low transparency and the limited ability to assess meth-
odological quality.

Risk of bias

« Allocation bias (Sequence generation) (Item 1 in
[15]) Was there a description of allocation (the pro-
cess by which experimental units are assigned to
experimental groups)? Yes/no/unclear/NA. Given
that this item is applicable only to intervention stud-
ies, nonintervention studies will be recorded as “not
applicable/NA” For a more lenient assessment, we
recorded yes (“Z”) if randomization was present.

« Performance bias (Random housing) (Item 4 in
[15]) Were the animals randomly housed during the
experiment? Yes/no/unclear/NA. This item is appli-
cable only to intervention studies; hence, noninter-
vention studies will be noted as ‘not applicable/NA.

+ Detection bias (Random outcome assessment)
(Item 6 in [15]) Were animals randomly selected for
the outcome? For instance, if human endpoints (e.g.,
poor condition/poor health state, weight, etc.) were
met and led to competing endpoints (some animals
reached the primary endpoint and others met human
endpoints; hence, terminating the experiment pre-
maturely) and if the investigators were not blinded,
then the outcome could not be assessed randomly.
The groups could be described as having competing
endpoints. Yes/no/unclear/NA. This item is applica-
ble only to intervention studies; hence, noninterven-
tion studies will be noted as ‘not applicable/NA

Compliance with animal welfare regulations

Quality of reporting The ethical concerns associated
with animal research differ between countries. A com-
mon directive has been implemented in Europe that
defines minimum standards for the use of animals, where
the 3Rs (reduction, refinement, replacement) should be
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taken into consideration [55]. Compliance with the 3Rs
is of utmost importance in all animal research and should
always be considered first when designing and perform-
ing animal studies. Hence, a statement of compliance
with animal welfare regulations in regard to animal eth-
ics is important. This item may not influence the validity
of the results if it is not met. In particular, older studies
do not present such statements, however it is expected
in newer studies. This item can be answered with the fol-
lowing question: Did the study comply with animal wel-
fare regulations, or did the authors state specific ethical
considerations about animal welfare? If yes, record “X”; if
no or no statement, record “0”.

Blinding

Quality of reporting In vivo experiments depend on
unbiased results for proper translation to humans. Blind-
ing is a strategy for reducing the risk that researchers,
animal care staff, and others involved may influence out-
comes (subconsciously or otherwise). A lack of blinding
can lead to overestimation of the results and to false posi-
tive findings [56]. Regarding the quality of reporting, we
have decided to include whether a given study includes
any form of blinding and, if described, what type of
blinding. If described, then record “X”(yes); if unclearly
described but blinding exists in some capacity, record
“(X)”; if not described, record “0”(no). The risk of bias
section below covers how the blinding is utilized and
where it is applied in the studies.

Risk of bias

« Performance bias (Blinding) (Item 5 in [15])
Describe all the means used, if any, to blind trial car-
egivers and researchers from knowing which inter-
vention each animal received. Yes/no/unclear/NA.
This item is applicable only to intervention studies;
hence, nonintervention studies will be noted as ‘not
applicable/NA).

« Allocation bias (Allocation concealment) (Item 3 in
[15]) Could the investigator allocating the animals to
the intervention or control group not foresee assign-
ment? Yes/no/unclear/NA. This item is applicable
only to intervention studies; hence, nonintervention
studies will be noted as ‘not applicable/NA!

« Detection bias (Blinding) (Item 7 in [15]) Was the
outcome assessor blinded? Could the blinding have
been broken? Describe all measures used, if any, to
blind outcome assessors from knowing which inter-
vention each animal received. Were the outcome
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assessment methods the same in both groups? Yes/
no/unclear/NA. This item is applicable only to inter-
vention studies; hence, nonintervention studies will
be noted as ‘not applicable/NA).

Congruency in data and methods

Quality of reporting This section describes the labo-
ratory methods and outcome data used and the con-
gruency between them. For instance, if the study used
immunohistochemistry (e.g., antibodies, lot numbers),
are the data shown based on what is described in the
methods? Other examples include scan settings and type,
and other methods such as western blot, RNA-sequenc-
ing, DNA methylation, etc. Basically, did the study pre-
sent all their findings based on the methods described?
Was there congruency between the methods and results?
Was it all described—which data were not included? Did
the study present methods and data/results in a transpar-
ent manner? If there is congruency in methods and data
and is it transparent, then record “X”(yes); if unclearly
described but it is likely, record “(X)”; if not described,
record “0”(no).

Risk of bias

« Attrition bias (incomplete outcome data) (Item 8
in [15]) Describe the completeness of the outcome
data, including attrition and exclusions, from the
analysis. Were incomplete outcome data adequately
described? Or another example: were all animals
included in the analysis and if not, was it explained
why they were not included? Yes/no/unclear.

+ Reporting bias (Selective outcome reporting)
(Item 9 in [15]) Was the study protocol available
(requires a description of the protocol location in
paper), e.g. is the protocol available at https://precl
inicaltrials.eu/,  https://www.animalstudyregistry.
org/, open science framework (https://osf.io/), and
were all of the study’s prespecified primary and
secondary outcomes reported in the manuscript?
If the study protocol was not available, was it clear
that the published report included all expected out-
comes (i.e., comparing the Methods and Results
sections)? Does the study report fail to include
results for a key outcome that would be expected
to have been reported for such a study e.g., tumor
take rate in transplantation experiments? Yes/no/
unclear. Of note, it is crucial to preregister stud-
ies to maintain complete transparency. Failing to
distinguish between generating post-dictions and
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testing pre-dictions can undermine the credibility
of research findings. However, inherent biases in
human reasoning, such as hindsight bias, make it
challenging to prevent this error [57].

Presentation of limitations

Quality of reporting Presenting the limitations of the
experiment is crucial. Limitations represent weaknesses
in a given study that may influence conclusions and
outcomes. The objective of presenting limitations is to
ensure transparency and discuss/present the drawbacks
of a study to the readers. Too often, the limitations of sci-
entific works are overlooked or reduced to simplistic and
minimally relevant themes [58]. Did the study contain
a section of limitations, or did the authors comment on
the study limitations in relation to in vitro and/or in vivo
subparts? If done so in a satisfactory manner, record “X”;
if the authors discuss limitations but do not go into suf-
ficient depth, record “(X)”; if no limitations were pre-
sented, record “0”.

Statement of potential conflict of interest

Quality of reporting The primary goal of all research
is to provide research the community with impartial
unbiased evidence, but several other factors can affect
results, such as creating a profit or benefitting a career
[59]. Potential conflicts of interest can skew the results,
e.g., if an investigator has a method patent or is paid by
a pharmaceutical company. Hence, it is important for
transparency’s sake to include all such potential conflicts.
This section can be answered with the question: Did the
study contain a statement of potential conflict of interest?
If yes, record “X”; if no, record “0”. Yes/no.

An additional note is that there is a risk of publisher con-
flict of interest in regard to if the authors supported pub-
lication by paying a processing fee and if the publishers
were aware that an article processing fee would be paid
when deciding to accept the paper. However, this can be
more difficult to assess, especially in older research; hence,
this item is not included but important to acknowledge.

Risk of bias Other bias (inappropriate influence of
funders or biased by companies) (Item 10 in [15]). Was
the study free of inappropriate influence from funders
or companies supplying drugs or equipment? (Did the
authors declare a direct conflict of interest to the study?)
“Z” (yes): Conflict of interest statement with no conflict
of interests. “0” (no): Conflict of interest statement with
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conflict of interest/influence of funders. And if unclear
this should be recorded. Yes/no/unclear. It is also impor-
tant to note that there are situations where other risks of
bias should be included. SYRCLE'’s RoB includes “Was the
study apparently free of other problems that could result
in high risk of bias?, where funding is only one of them.

CRIME-Q instructions, presentation, performance,
internal validation and interpretation

Instructions

Before using the CRIME-Q to assess the overall quality
of reporting and methodological quality (including risk of
bias based on items from SYRCLE’s RoB tool), it is impor-
tant to create a predetermined list of items to assess. This
predetermined list of items/information represents items
in each category that need to be present/absent for iden-
tifying the answer categories (yes/no/partly/unclear/not
applicable). This list should always be included as sup-
plemental material for the sake of transparency and rep-
licability. An example of such a list (for assessing tumor
models) is available in Additional File 1. Assessment of
risk of bias can be performed using signal questions from
SYRCLE’s RoB tool [15]—all deviations should be noted
in the same additional file mentioned above. At least two
reviewers should independently apply CRIME-Q while
being blinded to each other’s assessments. All incongru-
encies in answers for any given category should be dis-
cussed between the assessors—and possibly with a third
team member if an agreement cannot be reached.

Presentation of results

We offer two ways of presenting the results of CRIME-
Q, depending on the number of included records. Pres-
entation in a colored grid (Fig. 1) is visually appealing
and provides a transparent presentation of the results.
Such a grid table becomes too large when there are many
records (e.g. >40); hence another approach could be more
useful as shown in Fig. 2. Here, the overall percentages
for each category can be assessed for the overall critical
appraisal—e.g., divided into X and Y categories in Fig. 2A
and Z categories in Fig. 2B. If this solution is chosen, the
full assessment table should be attached as supplemental
material.

Interrater reliability - performance and validation

In our systematic review of meningioma animal mod-
els [18], two reviewers used CRIME-Q to score all the
unique 114 records in a blinded fashion. We subjected
the blinded assessments to Cohen’s Kappa. Final scoring
for the systematic review was done in consensus and all
disagreements were handled through discussions and/
or senior author if necessary. The interpretation of the
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Fig.1 Presentation example of few included studies. Green: Yes, Yellow: Partly/unclear, Red: No, Blue: NA. Fictitious data 1X Peer review, 2X
Bench-top, 2Y Bench-top, 3X Animals, 3Y Animals, 3Z Selection bias (baseline characteristics), 4Y Sample size, 5X in vivo design and performance,
5Y in vivo design and performance, 5Z (1) Selection bias (Sequence generation), 5Z (2) Performance bias (Random housing), 5Z (3) Detection bias
(Random outcome assessment), 6X Animal welfare compliance, 7X Blinding, 7Z (1) Performance bias (Blinding), 7Z (2) Allocation bias (allocation
concealment), 7Z (3) Detection bias (blinding), 8X Congruency data and methods, 8Z (1) Attrition bias (incomplete outcome data), 8Z (2) Reporting
bias (Selective outcome reporting), 9X Presentation of limitations, 10X Conflict of interest, 10Z Publication bias (influence)

A B
18X = Yes 10Z = Yes
X 1
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Fig. 2 Presentation example of many included studies — Overview of results. Fictitious data. 1X Peer review, 2X Bench-top, 2Y Bench-top,

3X Animals, 3Y Animals, 3Z Selection bias (baseline characteristics), 4Y Sample size, 5X in vivo design and performance, 5Y in vivo design

and performance, 5Z (1) Selection bias (Sequence generation), 5Z (2) Performance bias (Random housing), 5Z (3) Detection bias (Random outcome
assessment), 6X Animal welfare compliance, 7X Blinding, 7Z (1) Performance bias (Blinding), 7Z (2) Allocation bias (allocation concealment), 7Z

(3) Detection bias (blinding), 8X Congruency data and methods, 87 (1) Attrition bias (incomplete outcome data), 8Z (2) Reporting bias (Selective
outcome reporting), 9X Presentation of limitations, 10X Conflict of interest, 10Z Publication bias (influence)

results was based on both McHugh [60] and Landis and
Koch [61]. In general, we found high interrater agree-
ment, ranging from 84.5% to 100%, with a mean of 92.9%
(95% CI 91.0-94.8). The kappa indices ranged between
0.50 and 0.96, with a mean of 0.85 (95% CI 0.79-0.91).
The quality of reporting had a mean kappa index of 0.86
(95%-CI 0.78-0.94), the methodological quality had a
mean kappa index of 0.83 (95%-CI 0.71-0.93) and SYR-
CLE’s risk of bias items had a mean kappa index of 0.68
(95%-CI1 0.57-0.79) (Table 3).

Interpretation

The most important aspect of CRIME-Q is that it pro-
vides transparency over a wide range of literature.
CRIME-Q displays the literature within a given field on
multiple levels. For instance, if the quality of reporting
is low, there is no way to properly assess methodologi-
cal (technical) quality or risk of bias. CRIME-Q illumi-
nates inconsistencies and weak points in the literature
for readers of a given systematic review on preclinical
models. Given the individual scoring, it also highlights
the strengths and weaknesses of individual studies,
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Table 3 Validation of the CRIME-Q was performed based on a systematic review of 114 records on meningioma animal models [62]

through agreement percentage and nominal Kappa index

Items Type | Agreement % Kappa - index | McHugh(60) Landis et al.(61)
(SE) Interpretation interpretation

1X Peer review QoR 100% * Almost Perfect Almost Perfect

2X Bench-top QoR 91.4% 0.85 (0.077) Strong Almost Perfect

2Y Bench-top MQ 94.0% 0.83 (0.081) Strong Almost Perfect

3X Animals QoR 87.9% 0.84 (0.075) Strong Almost Perfect

3Y Animals MQ 91.4% 0.78 (0.080) Moderate Substantial

3Z Selection bias (baseline characteristics) RoB 94.0% 0.77 (0.073) Moderate Substantial

4Y Sample size MQ 99.1% * Almost perfect Almost Perfect

5X in vivo design and performance QoR 91.4% 0.92 (0.081) Almost perfect Almost Perfect

5Y in vivo design and performance MQ 95.3% 0.87 (0.077) Strong Almost Perfect

5Z (1) Selection bias (Sequence generation) RoB 82.8% 0.62 (0.062) Moderate Substantial

5Z (2) Performance bias (Random housing) RoB 93.1% 0.57 (0.076) Weak Moderate

5Z (3) Detection bias (Random outcome RoB 86.2% 0.71 (0.076) Moderate Substantial

assessment)

6X Animal welfare compliance QoR 97.4% 0.96 (0.093) Almost perfect Almost perfect

7X Blinding QoR 97.4% 0.82 (0.091) Strong Almost perfect

7Z (1) Performance bias (blinding) RoB 87.1% 0.53 (0.063) Weak Moderate

7Z (2) Allocation bias (allocation concealment) RoB 87.9% 0.50 (0.065) Weak Moderate

7Z (3) Detection bias (blinding) RoB 85.3% 0.50 (0.064) Weak Moderate

8X Congruency data and methods QoR 93.1% 0.66 (0.079) Moderate Substantial

8Z (1) Attrition bias (incomplete outcome data) RoB 96.6% 0.90 (0.081) Strong Almost Perfect

8Z (2) Reporting bias (Selective outcome | RoB 93.1% 0.80 (0.086) Strong Substantial

reporting)

9X Presentation of limitations QoR 93.1% 0.86 (0.081) Strong Almost perfect

10X Conflict of interest QoR 97.4% 0.95 (0.090) Almost perfect Almost perfect

10Z Publication bias (influence) RoB 94.8% 0.90 (0.089) Strong Almost perfect

SE standard error, QoR Quality of Reporting, MQ Methodological Quality, RoB Risk of Bias

" Kappa index cannot be calculated due to too high agreement and/or too few rating items. The data reliability scores (interpretation) were based on McHugh(60) and
Landis and Koch [61]. The full scoring from both reviewers is available in the published material of [18] online at: https://translational-medicine.biomedcentral.com/

articles/10.1186/5s12967-023-04620-7#Sec29 (CRIME-Q full spread sheet)

allowing readers and users of the systematic review to
know which studies to be wary of and in which aspects.
This enables them to decide for themselves how to
interpret the literature.

Discussion

There is a need for a critical appraisal tool that includes
quality of reporting, methodological (technical) qual-
ity, and risk of bias assessment for all animal studies
interventional and noninterventional, which also con-
tains the laboratory work related to the model. Despite
a larger focus on proper reporting through various tools,
reporting remains lacking in animal research [11, 63].
The CRIME-Q tool unifies various tools and checklists
and items of own making in a condensed format. The
purpose of the tool is to have a single instrument for
critical appraisal with a risk of bias, applicable to all old,
new, high-quality, and low-quality preclinical studies on
multiple levels. It also serves to provide readers of a sys-
tematic review with transparency regarding the included
literature.

All the items in CRIME-Q displayed an interrater
percentage agreement>80%, which is considered the
minimum acceptable interrater agreement [60]. Cohen’s
kappa index for the CRIME-Q items showed the strong-
est interrater reliability for quality of reporting, with

0.86 (95%-CI 0.78-0.94). This did not include items 1X
and 4X, where a nearly 100% agreement gave an insuffi-
cient number of rating categories to allow Cohen’s kappa
index to be calculated. CRIME-Q methodological quality
showed a similar kappa index of 0.83 (95% CI 0.71-0.93).
Regarding interpretation, McHugh [60] suggests a stricter
interpretation than Cohen’s[61], but using this approach,
we still found high interrater reliability ranging from
moderate (kappa 0.66) to almost perfect (kappa 0.96) for
the quality of reporting and methodological quality items
analyzed. Finally, SYRCLE's risk of bias items showed the
lowest interrater agreement percentage, despite being
quite high of 90.7% (95%-CI 87.5-94.0). The kappa index
of the risk of bias items were the lowest 0.68 (95%-CI
0.57-0.79), especially the blinding items 7Z (1-3) which
ranged from 0.50-0.53 and 5Z (2) performance bias (ran-
dom housing). This shows the risk of bias items are more
difficult to assess for our data set on meningioma animal
models, and require more discussion afterwards before
final verdict.

The predetermined list/definition of information to
be included for proper assessment of the items results
in high interrater agreement, especially for quality of
reporting. The quality of reporting is crucial in assess-
ing replicability and transparency, which are often poor
in animal research [11]. It is important to acknowledge,
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there have been minor improvements, especially with
better descriptions of randomization, blinded experi-
mental conduct, blinding assessment of outcome, and
sample size calculation, but still not sufficient [11]. This
emphasizes the need to focus on designing, conducting,
and reporting animal studies. Methodological quality
is based on the reviewer/assessor group’s definition of a
well-performed study’s technical aspects, and as previ-
ously described, a predetermined definition of quality for
each MQ item is needed to create transparency. Readers
should be able to clearly understand why a certain score
was assigned and based on which information, as out-
lined in the predetermined list. Here, they should also
be able to evaluate how the assessor group defined their
criteria and decide whether they agree with it or not.
The lower Cohen’s kappa indices of Y (MQ) compared to
those of their X (QoR) counterparts emphasize the need
for a solid predetermined definition of quality for the
reviewers to follow when assessing. A suboptimal defini-
tion will mean a greater chance of disagreements and a
greater need for discussions afterwards. Methodological
quality items help assess critical items such as laboratory
work for the animal model, choice of animals, and in vivo
design and performance. Methodological quality differs
from risk of bias [15] in the CRIME-Q. While risk of bias
focuses on study design and validity - the likelihood that
features of the study design or conduct of the study will
yield misleading results - methodological quality focuses
on technical performance. Hence, CRIME-Q assesses
multiple aspects of the studies.

SYRCLE’s RoB is based on the Cochrane Collabora-
tion’s tool for assessing the risk of bias in clinical rand-
omized control trials [17] and is intended to be used in
interventional animal studies. Most of the items from
SYRCLE’s RoB tool are primarily rated ‘Unclear’ in our
own systematic review on meningioma animal mod-
els [18]. We believe this is likely because of the quality
of reporting issues in the literature [64], but also study
design flaws[65], which makes SYRCLE’ risk of bias
unsuitable for assessing overall quality as a standalone
method/tool given the low level of reporting and lack
of published/accessible in vivo protocols. However, with
CRIME-Q, the quality of reporting and methodologi-
cal quality can still be addressed in these studies for a
nuanced transparent assessment of the literature—or, at
the very least, identifying the specific step where the lit-
erature falls short: in reporting quality, methodological
quality, or both. Furthermore, some noninterventional
studies cannot be adequately assessed using SYRCLE'’s
RoB alone due to the tool’s design and intended purpose,
which often necessitates recording certain items as ‘not
applicable’ Items such as allocation to groups, random
housing, random selection for outcome assessment, and
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blinding may not apply in many cases. However, in these
cases SYRCLE’s RoB still addresses key aspects of study
validity, such as attrition (incomplete outcome data) and
reporting bias (selective outcome reporting), ensuring a
more comprehensive evaluation. We included SYRCLE’s
RoB in CRIME-Q because it is an excellent validated tool.
All the items included should be applied whenever pos-
sible. It is important to consider instances where biases
could be applied—even, especially biases we cannot con-
trol, which may affect outcomes—e.g., blinding in sur-
gical studies. Surgeons cannot be blinded but may still
present a risk of bias due to lack of blinding.

It can be difficult to judge the overall quality of a study/
record, and there have been many suggestions as to
which critical appraisal tools to use [13]. However, it is a
crucial step in performing systematic reviews [12], which
could be the missing link in translational animal science
and help propel it forward [5]. Most available tools are
not validated and are specified to certain situations and
disease models such as Minnerup et al. [23] and Sena
et al. [30], which are used for stroke models, Rice et al.
[28] for pain, Marshall et al. [66], for sepsis, who offer a
short checklist without much explanation. Furthermore,
there are tools intended to be used in preclinical drug
research primarily [32, 36], which lessens generalizability.
CRIME-Q was developed with inspiration from some of
the validated and recommended tools for reporting and
assessing the overall quality of studies to ensure uniform-
ity in future research [10, 14-16]. The tool is designed
for assessing the overall quality of studies, but it has the
potential to be applied to the development, design, and
performance of animal studies to ensure that all aspects
are covered before study initiation and publication.
ARRIVE 2.0 remains the recommended tool for report-
ing animal studies, but it does not cover the laboratory
work for the model; elements from CRIME-Q could thus
supplement ARRIVE 2.0. A limitation of CRIME-Q is
that it has not yet been externally validated, and we urge
other groups to test the tool and provide us with feed-
back through the corresponding author information
listed. Moreover, there are no scoring systems available
for the CRIME-Q since there is no clear way to label and
weigh the various items; e.g., peer review, despite being
standard in research, is not always indicative of high
quality. The tool is meant to present included literature in
a nuanced (QoR, MQ and RoB) and transparent manner.
Finally, similar to other tools, including SYRCLE’s RoB
[15, 67, 68], we hope and expect user feedback to allow us
to update and adapt the tool accordingly.
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Conclusion

The CRIME-Q tool unifies multiple aspects of the qual-
ity of reporting, methodological (technical) quality, and
SYRCLE’s risk of bias from the laboratory to in vivo
design and performance in animal studies. It contains
both items inspired by older methods and contains
unique items of own making. The tool allows overall
assessment of studies included in systematic reviews
on animal research with high interrater agreement per-
centage and moderate-almost perfect interrater reliabil-
ity through Cohen’s kappa through internal validation.
The CRIME-Q tool is applicable to both older research
that lacks proper reporting and newer studies and is not
restricted by model or study design type (interventional—
noninterventional). It can also be useful when designing
and conducting animal experiments to ensure proper
reporting and design in terms of replicability, transpar-
ency, and validity. We acknowledge that CRIME-Q has
not yet been externally validated, and we urge other
groups to test the tool.

Abbreviations

CRIME-Q  Critical Appraisal of Methodological (technical) Quality, Quality of
Reporting and Risk of Bias in Animal Research (CRIME-Q)
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3R Reduction, refinement, replacement
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