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In vitro pre-clinical research is an important aspect of the development of new
dental materials and techniques, because it can provide essential information
for further testing of therapeutic approaches in clinical trials. These pre-
clinical experiments should therefore be reported with the same rigor as stud-
ies involving humans. The objectives of this paper were twofold: (a) to search
and assess existing guidelines for reporting in vitro studies in dentistry, and (b)
to present a methodology for reporting these studies, based on the CON-
SORT checklist for reporting randomized clinical trials. After a comprehensive
search in PubMed database, no guidelines for reporting in vitro studies in den-
tistry were found. The proposed methodology is presented and the rationale
for the choice of fourteen guidelines for producing the different sections of
such papers is described in detail. The assessment of a sample of in vitro stud-
ies using the proposed guidelines showed that the standards of reporting
should be improved. Good standards of reporting of studies are necessary
for improvement of efficiency in dental research. The guidelines presented
are the first standards for reporting in vitro studies in dentistry. As with the
original CONSORT document, the modified checklist is evolving. It should,
therefore, be further tested by researchers and the results of these assess-
ments should be used for further improvement of this tool.
Keywords: In vitro, Quality of reporting, Dental materials, Guidelines, Pre Clinical, CONSORT checklist.
INTRODUCTION

In vitro research for assessing potential new materials
or techniques to be further tested in vivo, i.e., on ani-
mals and humans, is an important aspect of dentistry.
One advantage of in vitro research is that it enables re-
searchers to perform single-variable experiments under
controlled conditions.1 Although in vitro research can-
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not reproduce a dynamic environment, for example the
stomatognathic system, pre-clinical experiments can
provide important information about the properties
and characteristics of a new material or technique.
This information is of fundamental importance when
testing efficacy in more robust studies, for example ran-
domized clinical trials. It is, therefore, necessary to con-
duct in vitro research of the highest possible standard.
Biased information from pre-clinical experiments is
likely to lead to biased clinical studies.

In restorative dentistry many studies test the biocom-
patibility and/or toxicity2 and efficacy of dental mate-
rials, for example composites, using extracted animal
or human teeth.3-6 Because systematic reviews of
dental in vitro studies are becoming frequent,7-10

maximization of the output from such research is
essential. Moreover, good standards in reporting are
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required to provide interested people—readers,
researchers, and editors—with detailed information
indicating whether the research was appropriate and
which aspects might need more scrutiny.11 Some efforts
were made in the last years to improve the quality of re-
porting of scientific literature. For example, the Consol-
idated Standards of Reporting Trials (CONSORT)
checklist was developed to assist authors in writing re-
ports of randomized controlled trials.12 Although the
CONSORT checklist was not originally designed for
designing, conducting, and analyzing trials, its use
may indirectly affect their design and conduct.12

The objectives of the present work were twofold: (a)
to critically assess the literature on guidelines on the re-
port of in vitro research in dentistry. The focus was on
guidelines for reporting in vitro studies, instead of per-
forming some specific experiment; and (b) to describe
a checklist developed for reporting pre-clinical (in vitro)
studies of dental materials, using modified items de-
scribed in the CONSORT checklist. A sample of
in vitro studies was tested with this new methodology
and the results are presented. The idea is to improve
conducting and reporting of pre-clinical testing of den-
tal materials with potential for use in clinical treatment
as to possibly minimize bias and optimize efficacy for
subsequent RCTs.

MATERIAL AND METHODS

Search of Guidelines for Reporting In Vitro
Studies
On 10 August 2012 a comprehensive search of the litera-
ture was performed in the PubMed database using the fol-
lowing key-words: in vitro, in-vitro, preclinical, pre-clinical,
reporting, CONSORT, recommendations, guidelines, dentistry,
dental implants, and teeth. The key-words words were com-
bined using boolean operatorsAND/OR. The search was fo-
cussed only on guidelines for reporting any form of in vitro
studies performed in teeth and dental implants. Guidelines
relating to other forms of preclinical research (for exam-
ple, experiments in animals) were not selected, because
there are already specific guidelines for those studies.13-15

Description of New Checklist
The checklist proposed below contains 14 items enabling
assessment of the standard of reporting in the different
sections of a paper. See Table 1:

Checklist Items

Abstract. Item 1. Structured summary of trial design,
methods, results, and conclusions

Explanation: the abstract should contain enough infor-
mation to enable good understanding of the rationale for
the approach. Because many readers do not have free
access to the full text of articles to assess the validity of
results,16-18 they may rely on reading the abstract to
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make conclusions. Use of structured abstracts for
reporting studies is recommended, because they enable
easier access to the information reported.19

Introduction. Item 2a. Scientific background and explana-
tion of rationale

Explanation: authors should provide direct and clear
information about the background of the material or
technique to be tested in the proposed experiment. In
in vitro dental studies, similar previously published stud-
ies on the topic in question should be reported in detail
to enable good comprehension by readers of the poten-
tial efficacy and limitations of the current experiment.
The rationale for the new project should be explained
in detail to avoid duplication of studies and consequent
waste of resources.

Item 2b. Specific objectives and/or hypotheses
Explanation: the objective(s) of the study, with a de-

fined hypothesis, should be reported in the introduction.
The hypothesis is based on a well-developed research
question (for example, use of the PICOT [population, in-
tervention, comparison, outcomes, and time] format)
and it should guide the objectives of the research.20

Hypotheses are more specific than objectives and can
be tested statistically to help meet the objectives of the
project.21

Methods. Item 3. The intervention for each group, including
how and when it was administered, with sufficient detail to enable
replication

Explanation: to enable replication of the results by
other interested researchers, authors should report the
approach used in the experiment. Replication is regarded
as one of the cornerstones of inference from experimen-
tal studies.22,23

Specific information on the type of intervention per-
formed in the control and test groups should be de-
scribed in detail. For example, when testing the effect
of different adhesive systems on the surface of extracted
human teeth, information on how the test specimens
were prepared, etching time, procedures used to apply
the adhesive, polymerization time, etc., should be pro-
vided.

Item 4. Completely defined, pre-specified primary and second-
ary measures of outcome, including how and when they were as-
sessed

Explanation: it is important to precisely state the pri-
mary (and secondary) outcome(s) of the proposed exper-
iment to enable comparison with results from similar
studies. The validity of a study might be questionable if
it does not enable comparison, and this can be a problem
when the whole body of evidence is assessed in systematic
reviews with meta-analysis, for example.24

Item 5. How sample size was determined
Explanation: in the planning of a randomized clinical

trial, determination of the correct sample of patients
enabling detection of true differences between therapies
183



TABLE 1. Modified CONSORT checklist of items for reporting in vitro studies of dental materials

Section/topic Checklist item

Abstract � Item 1. Structured summary of trial design, methods, results, and conclusions

Introduction
Background and objectives � Item 2a. Scientific background and explanation of rationale

� Item 2b. Specific objectives and/or hypotheses

Methods
Intervention � Item 3. The intervention for each group, including how and when it was

administered, with sufficient detail to enable replication

Outcomes � Item 4. Completely defined, pre-specified primary and secondary measures of
outcome, including how and when they were assessed

Sample size � Item 5. How sample size was determined

Randomization:
Sequence generation � Item 6. Method used to generate the random allocation sequence

Allocation concealment
mechanism

� Item 7. Mechanism used to implement the random allocation sequence
(for example, sequentially numbered containers), describing any steps taken
to conceal the sequence until intervention was assigned

Implementation � Item 8. Who generated the random allocation sequence, who enrolled teeth,
and who assigned teeth to intervention

Blinding � Item 9. If done, who was blinded after assignment to intervention (for
example, care providers, those assessing outcomes), and how

Statistical methods � Item 10. Statistical methods used to compare groups for primary and
secondary outcomes

Results
Outcomes and estimation � Item 11. For each primary and secondary outcome, results for each group,

and the estimated size of the effect and its precision (for example 95%
confidence interval)

Discussion
Limitations � Item 12. Trial limitations, addressing sources of potential bias, imprecision,

and, if relevant, multiplicity of analyses

Other information
Funding � Item 13. Sources of funding and other support (for example suppliers of drugs),

role of funders

Protocol � Item 14. Where the full trial protocol can be accessed, if available
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is important. Some believe that conducting ‘‘oversized’’
trials, in which there are more patients than are needed
to detect a difference, and ‘‘underpowered’’ trials, in
which there are fewer subjects than adequate, should be
avoided.25 The correct sample of patients is associated
with the precision of results, i.e., small studies tend to
result in wider confidence intervals and, consequently,
imprecise results.26 In in vitro studies, therefore, mainly
those performed to assess the potential efficacy of
184
materials and techniques, statistical treatment should
also be considered. Detailed reporting of the calculation
of sample size is, moreover, a requirement for good
comprehension of the methodology used. For example,
in a study27 to determine the effects of saliva contamina-
tion and cleansing solutions on the microtensile bond
strengths of self-etch adhesives to dentin, microtensile
bond strength was regarded as the primary outcome
and the authors concluded that 75 teeth would be
December 2012
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required to power the study at 80%. Despite this, it is not
reported in the paper how that sample size was deter-
mined (e.g., it was not reported whether the primary
outcome was used as the reference for this calculation).

Item 6. Method used to generate the random allocation se-
quence

Explanation: in RCTs, patients should be assigned to
comparison groups in the trial on the basis of a random
process (chance) characterized by unpredictability.21 In
this way, the allocation sequence would balance prognos-
tic factors across the intervention groups and, conse-
quently, protect against selection bias.28 Similarly, in an
in vitro environment, extracted teeth can provide hetero-
geneous conditions for generating treatment effects. For
example, in an experiment in which marginal adaptation
of an etch-and-rinse adhesive with a new type of solvent in
class II cavities was assessed,29 the authors prepared inlay
cavities in 40 extracted teeth and the teeth were then ran-
domly assigned to five experimental groups. Some might
argue that teeth could have different anatomical charac-
teristics that would be a potential confounding factor in
estimation of effects (for instance, cavity architecture
more prone to positive effects). Coin tossing or shuffling
cards or envelopes may be a suitable means of generating
the allocation sequence before teeth are prepared for the
intervention (i.e., in the specific case cited, before the cav-
ities are prepared).

Item 7. Mechanism used to implement the random allocation
sequence (for example, sequentially numbered containers), de-
scribing any steps taken to conceal the sequence until intervention
was assigned

Explanation: in clinical studies, allocation concealment
may prevent selection bias by concealing the allocation se-
quence from those assigning participants to intervention
groups until the moment of assignment.28 In in vitro stud-
ies, allocation concealment could be achieved by use of,
for example, sequentially numbered, opaque, sealed en-
velopes that would prevent investigators seeing the ex-
tracted teeth used in the experiments.

Item 8. Who generated the random allocation sequence, who
enrolled teeth, and who assigned teeth to intervention

Explanation: in clinical trials randomization is achieved
by use of three different steps: sequence generation, allo-
cation concealment, and implementation.21 In in vitro
studies all these steps would not be relevant (for example,
‘‘enrol participant’’). Nevertheless, investigators responsi-
ble for allocation and its concealment should not be the
same as those who implement the assignments. The idea
is to try to avoid any inclusion of potential bias in the ran-
domization process.

Item 9. If done, who was blinded after assignment to interven-
tion (for example, care providers, those assessing outcomes) and
how

Explanation: logically, some aspects of blinding in
in-vitro studies are not applied (‘‘blinding of teeth’’, for
example. See original checklist). Nevertheless, blinding
Volume 12, Number 4
of investigators responsible for treatment and others
responsible for assessment of outcome may be feasible.
These measures could reduce the likelihood of perfor-
mance, attrition, and detection bias.28

Item 10. Statistical methods used to compare groups for pri-
mary and secondary outcomes

Explanation: statistical assessment in in vitro experi-
ments should be performed with the same accuracy as
that performed in clinical trials. Laboratory studies which
do not involve patients should still be carefully planned. If
the purpose of the study is to obtain information on effi-
cacy that can be further used in more robust designs
(in vivo, with animals, and humans), a rigorous statistical
approach is essential. Information should be concisely re-
ported, but in sufficient detail to enable understanding of
the statistical approach by other researchers or interested
readers.

Results. Item 11. For each primary and secondary outcome,
results for each group, and the estimated size of the effect and its
precision (for example 95% confidence interval)

Explanation: results from in vitro studies should be pre-
sented in the same way as those from clinical trials. It is
important to report the precision of results as confidence
intervals (CI). In contrast with P values, CI can provide
the range of values within which the true effect is likely
to reside.26

These results should, moreover, be reported not only
for endpoints of interest (for example, endpoints that
provided positive results) but also for all endpoints that
were previously reported in the material andmethods sec-
tion. Selective reporting of outcome, i.e., inclusion of end-
points in publication of trials on the basis of results, may
generate biased results, for example overestimation of
the effects of intervention in a meta-analysis.28

Discussion. Item 12. Trial limitations, addressing sources of
potential bias, imprecision, and, if relevant, multiplicity of anal-
yses

Explanation: the discussion section should be reserved
for valuable comments on the advantages and disadvan-
tages of the approach used, not only to provide informa-
tion in support of the findings. The journal Annals of
Internal Medicine recommends that authors structure
the discussion section by presenting (1) a brief synopsis
of the key findings, (2) consideration of possible mecha-
nisms and explanations, (3) comparison with relevant
findings from other published studies, and (4) limitations
of the study (andmethods used to minimize and compen-
sate for those limitations).15

Other Information. Item 13. Sources of funding and other
support (for example suppliers of drugs), role of funders

Explanation: information on potential relationships
between researchers and sponsors should be made clearly
available to readers, to provide sufficient information
on potential conflicts of interest (COI). It has been re-
ported in the literature that trials sponsored by industry
185
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may provide more positive results than studies not funded
by industry.30,31 This is, therefore, an ethical issue and
precise information enables readers to make their
own conclusions about the effect on the results of
potential COI.

Item 14. Where the full trial protocol can be accessed, if avail-
able

Explanation: information should be provided about
whether the study protocol is available to the interested
reader. If it is not publicly available, researchers should
state explicitly that the protocol is available for detailed
assessment (for example, to systematic reviewers when as-
sessing potential threats to internal validity, for example
selective outcome reporting).28 Published studies which
are inconsistent with their protocols may suggest unreli-
able and overestimated benefits of an intervention.32
ASSESSMENTOF IN VITRO STUDIES

A second literature search was performed on 11 August
2012 to select in vitro studies published in dentistry
from 01 September 2007 until 31 August 2012 and using
human extracted teeth. Papers on randomized controlled
trials (RCTs) were searched. The following key-words
were used in the PubMed database (with RCT filter): teeth
AND in vitro, in-vitro. After the retrieval of the literature,
10 papers were randomly selected using an available on-
line program (randomizer.org). Finally, the proposed rec-
ommendations were applied to the sample of these
studies.

The quality of reporting in in vitro studies was assessed
by checking whether the 14 checklist criteria were met in
the papers selected. For each item, a judgment relating to
the reporting was assigned by taking into consideration
a pre-specified question—was the item correctly re-
ported?: yes (reported) or no (not reported).
RESULTS

Availability of Guidelines
The PubMed search generated 212 titles. After the assess-
ment of titles and abstracts, no paper on guidelines for re-
porting in vitro studies in dentistry was found.
Report of In Vitro Studies
220 papers were initially retrieved. The results of the as-
sessment of the 10 randomized papers are depicted in
Table 2. From a total of 150 entries, 57 (38%) were cor-
rectly reported. No study reported the calculation of the
adequate sample size of teeth used in the procedures.
Items related to the randomization process (6, 7 and 8)
were also not reported in any of the selected studies.
Only two studies reported that examiners were blinded
to the procedures. All studies reported correctly for items
186
related to the background, objectives and intervention of
procedures.

DISCUSSION

The main objective of this checklist is to provide guidance
for reporting in vitro studies in dentistry. The original
checklist was initially developed for clinical RCTs with par-
allel treatment arms. In recent years, the checklist has
been extended to include other types of RCT and studies
not involving humans, such experiments with livestock
and laboratory animal trials.13-15 It now seems
reasonable to use the CONSORT concept to guide the
reporting of randomized controlled trials also, at
a more basic level. It is important to emphasize,
nevertheless, that not all the original CONSORT items
are applicable to in vitro studies. The original
CONSORT checklist is reported with the proposed
checklist to enable better understanding by the reader
of the modifications of the items.

This checklist is a pilot proposal primarily suited to the
reporting of experiments with extracted human teeth.
There is a great variety of in vitro experiments in den-
tistry, for example tests with dental implants or cell-
culture assays, and most, if not all, of the topics can also
be applied to such experiments. The purpose of this
checklist was to exclude topics from the original checklist
that would result in heterogeneous and dubious interpre-
tation. In contrast, items were included that the author
judges to be applicable to in vitro studies and which are
crucial for guiding researchers reporting their trials. Nev-
ertheless, the tool should be further tested by researchers
(by assessing the standards of reporting in published
in vitro RCTs), and the results from these assessments
should be used for further improvement of the tool.

It is clear with the assessment of the present sample of
studies that the randomization process is not reported in
detail to the reader. Important phases of randomization
process (sequence generation, allocation concealment
and implementation) should be performed to reduce
the risk of biased results and increase our confidence
on the reported estimates. Similarly, sample size calcula-
tion was not reported in any of the studies assessed. An in-
adequate sample of teeth or dental implants may
generate incorrect results which could be used to guide
further research in the form of animal experiments or
clinical trials. Ethical concerns may arise when the exper-
iment is not properly conducted.

Because all phases of the research process are con-
nected, proper conducting and reporting may have posi-
tive consequences in the development of dental materials
and therapeutic approaches. First, the decision to test
a new composite for dental restorations in clinical trials
may be made based on its performance in in vitro envi-
ronments. If this phase in the research process is well con-
ducted and reported, it is likely that the information
December 2012
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TABLE 2. Results of the assessment of in vitro studies by the use of the modified CONSORT checklist

Item

Studies

Aschenbrenner
et al33 2012

Gupta34

2011
Arnaud

et al35 2010
Behnan

et al36 2010
Catalbas

et al37 2009
Inan

et al38 2009
Mohammadi39

2009
Poggio

et al40 2009
Murray

et al41 2008
Yamada

et al42 2008

1 No No Yes Yes Yes Yes No Yes No Yes
2a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2b Yes Yes No Yes Yes Yes Yes Yes Yes Yes
3 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
4a No No No No Yes No No No No No
5 No No No No No No No No No No
6 No No No No No No No No Nof No
7 No No No No No No No No Nof No
8 No No No No No No No No Nof No
9 No Yesb No No No No No No No Yes
10e Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
11 Yes Noc Noc Yes Noc Noc Noc Noc Noc Noc

12 Yes No No Yes No Yes No No No Yes
13 Yes No No No No Yesd No No No Yes
14 No No No No No No No No No No
aThis item received a yes only when authors explicitly described the words measure of outcome. When more that one measure of outcome was used, authors should explicitly describe primary
and secondary measures.
bThe examiner was blinded to the test.
cNo confidence interval presented.
dAuthors report no financial interests in any company manufacturing the types of products mentioned in the article.
eThis item received a yes if there is the description of the statistical method used to compare the samples.
fIt is not reported whether the teeth were randomized before the tests were performed.
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obtained from in vitro experiments is reliable and will
lead to more reliable clinical research. Second, high stan-
dards of reporting provide more reliable information for
assessment of the whole body of evidence by use of the sys-
tematic approach of reviewing the literature.

In summary, this paper presented a tool based on the
CONSORT checklist that might be useful for improving
the reporting of in vitro experiments in dentistry. The
present initial findings demonstrated that there is room
for improvement of the quality of this reporting. The
checklist should be applied to more samples of studies
to confirm the present findings.
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