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Abstract

Background: Systematic reviews (SRs) and meta-analyses (MAs) are commonly conducted to evaluate and
summarize medical literature. This is especially useful in assessing in vitro studies for consistency. Our study aims to
systematically review all available quality assessment (QA) tools employed on in vitro SRs/MAs.

Method: A search on four databases, including PubMed, Scopus, Virtual Health Library and Web of Science, was
conducted from 2006 to 2020. The available SRs/MAs of in vitro studies were evaluated. DARE tool was applied to
assess the risk of bias of included articles. Our protocol was developed and uploaded to ResearchGate in June 2016.

Results: Our findings reported an increasing trend in publication of in vitro SRs/MAs from 2007 to 2020. Among
the 244 included SRs/MAs, 126 articles (51.6%) had conducted the QA procedure. Overall, 51 QA tools were
identified; 26 of them (51%) were developed by the authors specifically, whereas 25 (49%) were pre-constructed
tools. SRs/MAs in dentistry frequently had their own QA tool developed by the authors, while SRs/MAs in other
topics applied various QA tools. Many pre-structured tools in these in vitro SRs/MAs were modified from QA tools
of in vivo or clinical trials, therefore, they had various criteria.

Conclusion: Many different QA tools currently exist in the literature; however, none cover all critical aspects of
in vitro SRs/MAs. There is a need for a comprehensive guideline to ensure the quality of SR/MA due to their precise
nature.
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Background
Evidence-based medicine (EBM) is a reliable and accurate
approach based on existing evidence in healthcare-related
researches [1]. Systematic reviews (SRs) and meta-analyses
(MAs) are crucial methods of EBM that assess the findings
of different work in the medical literature on related
topics. The data and conclusions of each work synthesized

to present a comprehensive summary and conclusion
based on the findings [2, 3]. The primary medical value
behind conducting such studies is to improve healthcare
delivery and outcomes in the clinical setting. Researchers
can utilize these tools to summarize clinical research with
a non-biased approach to even the most controversial
topics [4, 5]. For in vitro studies, being able to translate
and keep track of numerous research projects that address
the same topic increases transparency and addresses the
significance of clinical translation. They eventually en-
hance the safety and efficacy of the treatments in clinical
practice [6, 7]. Current discrepancy between SRs/MAs on
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preclinical studies and SRs/MAs on clinical studies sug-
gest a potential gap in the assessment and evaluation of
preclinical evidence. This may lead to inadequate transla-
tion to clinical evidence [6, 8]. Therefore, further research
is justified to address any possible shortfalls in the meth-
odology of performing such study types.
The precise nature of scientific discoveries combined

with the increasing influx of research papers highlight
the importance of QA tool for all published articles. The
development of QA tools investigates to improve the
quality of scientific reports by addressing unethical and
misconducted research studies [9–11]. There are several
methods to assess the quality of SRs/MAs, including As-
sessment of Multiple Systematic Reviews (AMSTAR)
and Critical Appraisal Skills Programme (CASP). The
majority of SRs/MAs uses one of many available ap-
proaches. However, the content and weights of different
tools are variable and inconsistent, which raises the
question on either an universally accepted one should be
developed. ToxRTool and Oral Health Assessment Tool
(OHAT) are two examples of the National Health and
Medical Research Council’s recommendation for SRs/
MAs of in vitro studies [12]. Both tools cover different
aspects of risk of bias, providing researchers with a par-
tial guide while conducting or assessing these studies.
Given the importance of in vitro SRs/MAs to the ad-

vancement of research through the comprehensive im-
plementation, its results support the experimental and
clinical settings. Further investigations are required to
bridge any potential inadequacies in the methods of syn-
thesizing preclinical evidence. The selection of high-
quality QA tools for SRs/MAs on preclinical studies can
improve research quality by significantly addressing its
methodology. Therefore, our study aimed to evaluate all
QA tools used in SRs/MAs of in vitro studies.

Methods
Protocol registration
Our study followed the steps recommended in the Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) checklist (Table S1) [13, 14]. The
protocol was published in ResearchGate in June 2016
(DOI: https://doi.org/10.13140/RG.2.1.1515.9925). These
works relate to in vitro studies; they could not be pub-
lished on the International Prospective Register of Sys-
tematic Reviews (PROSPERO).

Search strategy
Our conducted search contained two phases. The first
phase was performed to identify the SRs/MAs of in vitro
studies in October 2016 using four electronic databases,
composed of PubMed, Web of Science (ISI), Virtual
Health Library (VHL), and Scopus. This search would be
later updated in September 2020. The entire search

strategy for these databases was provided in Table S2.
No restriction was applied inside the publication date
range from 2006 to 2020. This procedure was also based
on previously performed search [15].
The second phase was conducted to identify potential

tools using the Google search engine (www.google.com)
[16]. The automatic Google filter was switched off, and
the first 300 links of each search term were screened for
relevant tools. In addition, the bibliographic references
of the first 300 links of Google search and eventually in-
cluded their respective publications were searched to
find additional tools unidentified by the search of the
database. The search strategy was described in Table S2.
We used this search model as described before in Nolger
et al. [17]. Also, several webpages were used to search
and identify the relevant QA tools (Table S2).

Selection criteria
The inclusion criteria of our studies were; 1- The SRs and/
or MAs must be purely in vitro research, 2- Search was
ranged from 2006 to 2020 for publication year, 3- Original
in vitro study was defined as a technique that was con-
ducted in a controlled condition outside the living organism
without being implanted again into the living body or or-
ganism. The exclusion criteria were; 1- All SRs and/or MAs
that involved in vivo studies, 2- Combined in vivo and
in vitro studies. After duplicate removal using Endnote X7
program (Thompson Reuter, USA), the titles and abstracts
were screened by two reviewers (DNHT and TD) inde-
pendently, followed by the inclusion and exclusion criteria.
Afterward, full-texts of the selected articles were divided
into several clusters, and each one was evaluated by another
two reviewers (TD and AE) working independently. Results
were then gathered, and in the case of inconsistency, a final
decision was resolved following discussion with the super-
visor (NTH). We included all QA tools that were used in
the included articles. For the second phase, all potential QA
tools were included if addressed or proposed in any in vitro
studies.

Data extraction
Two independent reviewers (DNHT and TD) extracted
the data from included articles into a specifically de-
signed template using the same method in the screening
phase. The removed items including the name of au-
thors, year and region of publication, the involvement of
a methodologist or statistician, whether a meta-analysis
was conducted, and whether the risk of bias assessment
was undertaken. To extract the QA tool used in each in-
cluded study, we followed the name of this tool and
searched for its original paper for the subsequent extrac-
tion of QA tools. The QA tools included in our study
were all tools which the authors applied for included ar-
ticles in their respective SRs/MAs.
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In each confirmed relevant tool, we collected the fol-
lowing components: type of the tool (scale, checklist, or
item), number of items and main contents of its tool,
the scoring system, description of formulation, whether
the tool was developed for generic purpose in SRs/MAs,
single-use in a specific SR/MA (in a particular type of
in vitro studies), and whether the tools were developed
by the authors themselves or pre-structured tools. Re-
viewers resolved any dissimilarity via discussion. If a de-
cision could not be achieved, the supervisor (NTH) was
consulted to reach a consensus.

Quality assessment (QA)
The QA on the included publications was carried out
utilizing the Database of Abstract of Reviews of Effects
(DARE) tool [18]. Five criteria consist of: (i) was inclu-
sion/exclusion criteria reported; (ii) was the search ad-
equate; (iii) was the quality of the included studies
assessed; (iv) are sufficient details about the individual
included studies present and (v) were the included stud-
ies synthesized. The interpretation for fulfilling a “yes,”
“partial,” and “no” score was described in Figure S1. The
DARE tool has been used in a tertiary study to evaluate
the included SRs/MAs [19]. Two independent reviewers
(LT and TD) performed the QA process, and any dis-
pute was fixed via discussion. If a decision could not be
obtained, supervisor (NTH) consulted to reach the con-
sensus. Further analysis was calculated using a Kappa
coefficient to determine the inter-agreement between
the examiners in each process.

Results
Search results
The first phase retrieved 11,757 initial reports from four
electronic databases, including PubMed, ISI, Scopus, and
VHL, as shown in Fig. 1. After duplicate removal, the

titles and abstracts of 11,640 publications were screened.
From this, only 343 studies were included for full-text
screening, with 244 articles reaching final eligibility. The
list of 99 excluded reports with exclusion reasoning was
provided in Table S3. The publication date of all in-
cluded SRs/MAs ranged from 2007 to 2020. The second
phase search retrieved 3000 links in the Google search
engine. We screened the first 300 links for each one of
ten search terms used. We included 32 links for full-text
screening, of which 29 were deemed irrelevant links and
were excluded. This left three tools eligible for inclusion
in phase two in our study.

Characteristics of included in vitro SRs/MAs
Among 244 in vitro SRs/MAs included in the analysis,
150 articles (60.7%) employed the guidelines for SRs/
MAs. Of these, 146 articles used the PRISMA checklist
though only a single study followed Quality of Reporting
of Meta-analyses (QUOROM) checklist, and only one
study followed Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE), and Oral
Health Assessment Tool (OHAT) (Table 1). Only 100
articles that followed guidelines for SR/MA reported
their QA results. The list of 244 included articles using
QA tools in vitro SRs/MAs was found in Table S4.
Among 244 included studies, 126 articles (51.6%) per-

formed QA. Only 26 of 126 articles developed their QA
tools while conducting their reviews, meanwhile 100 ar-
ticles employed the available tools. Also, 34 studies
followed the QA checklist, which was previously devel-
oped by other authors. The others assessed the risks of
bias following pre-structured QA tools.
Regarding the distribution of the included studies

based on the continent, Europe had the most significant
representation with 99 (40.7%) studies meanwhile 65
(26.6%), 14 (5.7%), 27 (11.1%), 31 (12.7%) were from

Fig. 1 Flow diagram of the search strategy of in vitro SRs/MAs
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Table 1 Principal characteristics of included articles using QA tools in vitro SRs/MAs

Characteristics Categorization All studies (N =
244)

Year of publication 2007–2014 24 (9.8%)

2015–2020 220 (90.2%)

Region Europe 99 (40.6%)

South-America 64 (26.2%)

Asia 33 (13.5%)

Middle East 26 (10.7%)

North America 14 (5.7%)

Australia 5 (2%)

Africa 3 (1.2%)

Study topic Dentistry 125 (51.2%)

Bioactivity 53 (21.7%)

Biology 31 (12.7%)

Methodology 13 (5.3%)

Materials 9 (3.7%)

Pharmacology 5 (2%)

Diagnosis 4 (1.6%)

Toxicity 4 (1.6%)

Reporting QA used PRISMA 143 (58.6%)

N 93 (38.1%)

PRISMA and AMSTAR 3 (1.3%)

Cochrane Handbook for Systematic Reviews of Interventions 2 (0.8%)

STROBE 1 (0.4%)

QUOROM 1 (0.4%)

OHAT 1 (0.4%)

QA used Y 126 (51.6%)

N 118 (48.4%)

Conducting meta-
analysis

Y 71 (29.1%)

N 173 (70.9%)

QA tool used NR 120 (49.2%)

Following previous description of Onofre et al. 29 (11.9%)

Developed by authors 28 (11.5%)

Cochrane Risk of Bias tool 12 (4.9%)

CONSORT 8 (3.3%)

ToxRTool 5 (2%)

OHAT 4 (1.6%)

Joanna Briggs Institute Clinical Appraisal Checklist 4 (1.6%)

MINORS 4 (1.6%)

QUADAS-2 4 (1.6%)

GRADE 3 (1.2%)

NOS 3 (1.2%)

Following previous description of Onofre et al. and Montagner et al. 2 (0.8%)

STROBE 2 (0.8%)

Following the previous description of Bader et al 1 (0.4%)
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South-America, North America, Middle East, and Asia,
respectively. Three studies (1.2%) were from Africa, and
five studies from (2%) Australia. Table S3 provided the
characteristics of all included SRs/MAs.
The publication trend of in vitro SRs/MAs slowly en-

hanced from 2007 to 2014 and then rapidly increased in
the following years until 2020. There were 126 of 244 in-
cluded articles (51.6%) that conducted methodological
QA. Although no SR/MA assessed QA in 2007 and
2008, the prevalent studies performing QA among in-
cluded in vitro SRs/MAs steadily increased during the
search period.

QA results of included studies using the DARE tool
While utilizing the DARE tool to evaluate 244 included
studies, five criteria were presented in Table 2 along
with the Kappa’s index and the level of agreement. The
inclusion and exclusion criteria have been reported in
220 of included studies (90.2%), while 22 studies were
evaluated with partially reporting (9%), and two papers
did not report this criterion (0.8%). Search coverage was
written in 122 of the included studies (50%), while 115
studies reported partially (47.1%), and seven studies did
not report that criterion (2.9%). Among 244 included
studies, tools of QA were reported in 126 studies
(51.6%); meanwhile, three articles partially performed

QA (1.2%), and 115 studies did not assess the QA of
their studies (47.2%). Study description and study syn-
thesis criteria have been evaluated, and the level of
agreement was critical for both. The QA result of five
DARE assessment criteria was provided in Fig. 2 and
Table S4.

Summary of QA tools
We identified 51 different available QA tools. Of these,
48 tools from the first phase were retrieved from within
included studies and three tools from the second phase
found by Google engine, including IVD (in vitro diagno-
sis), artificial rumen system, and OHAT. We found that
26 used tools (51%) in the first phases developed by the
authors [20–45], while other 22 tools were pre-
structured and included 19 studies from the first phases

Table 1 Principal characteristics of included articles using QA tools in vitro SRs/MAs (Continued)

Characteristics Categorization All studies (N =
244)

Following previous description of Sackett et al 1 (0.4%)

JADAD 1 (0.4%)

SciRAP method 1 (0.4%)

CASP and MINORS 1 (0.4%)

Timmer’s Analysis Tool 1 (0.4%)

ARRIVE 1 (0.4%)

QUADAS 1 (0.4%)

Modifying Quality Assessment Tool for Studies with Diverse Designs (QATSDD) 1 (0.4%)

Referencing CRH and the EBM Evidence Pyramid 1 (0.4%)

Nature Publication Quality Improvement Project (NPQIP) study 1 (0.4%)

Standard Quality Assessment Criteria for Evaluating Primary Research Papers from a Variety of
Fields

1 (0.4%)

Following previous description of Samuel et al. 1 (0.4%)

SYCLE 1 (0.4%)

World Cancer Research Fund/ University of Bristol for cell line 1 (0.4%)

CRIS guidelines 1 (0.4%)

Following Joanna Briggs Institute Clinical Appraisal Checklist for Experimental Studies 1 (0.4%)

PRISMA 1 (0.4%)

Downs and Black 1 (0.4%)

Abbreviations: N: No; NR: Not Report; Y: Yes; PRIMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; AMSTAR: Assessment of Multiple
Systematic Reviews; QUOROM: Quality of Reporting of Meta-analyses; QATSDD: Quality Assessment Tool for Studies with Diverse Designs;
The summary statistics are absolute count (%) for categorical variables

Table 2 Agreement between reviewers of QA of the included
studies using DARE assessment criteria

Items Kappa’ index Level of Agreement

Inclusion and exclusion 0.94 Almost perfect

Search coverage 0.95 Almost perfect

Assessment of quality 1.00 Almost perfect

Study description 0.89 Strong

Synthesis of study 0.88 Strong
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and three tools from the second phase accounted for the
remaining 49%. Among 26 QA tools developed by the
authors, 20 tools (76.9%), specialized in dentistry studies
whereas two tools (7.7%) applied in the methodology,
two tools (7.7%) applied in bioactivity studies, and two
tools (7.7%) involved in the biology studies. Among tools
developed by the authors, 17 tools (65.38%) [20, 21, 23,
26–34, 39, 40, 42, 44, 45] mentioned items, which could
be used only in specific fields (mainly on dentistry) while
nine tools (34.62%) [22, 24, 25, 35–38, 41, 43] contrib-
uted the criteria for general reviews, as shown in Table 3.
Tools used for a specific study often contained unique
factors directly relating to the test materials and out-
comes in the reviews. Examples of this include teeth free
of caries, the specimen preparation, specimen dimen-
sion, enamel antagonist, the specimen shape, concentra-
tion of enzymes, storage condition of the sample, or the
used devices. The authors also highly concern on the
bias of method, which could affect the reliability of out-
comes, namely calculating sample size, the

randomization of samples, the blinding of the examiner,
and the appropriate form of statistical analysis. Instead,
tools used for general SRs/MAs evaluated the reliability
of methodology to report results generally [43] or con-
sisted of items assessing each step of study (objective, se-
quence generation, blinding, selection bias, detection
bias, performance bias, report bias). The majority of
these tools (11 tools, 42.3%) were contributed as simple
checklists. These tools only had questions and required
the answers of “yes”, “no” or “not report.” The overall
bias could be decided by the number of “yes” or “no” an-
swers. Seven checklists with judgment (26.9%) among
tools developed by the authors contained multiple items,
which required the authors to provide their assessment
in details and compared them between studies. Finally,
eight scale tools (30.8%) rated the quality of each item
with varied levels by giving points to them; for instance,
reported answer = 1 point, not reported answer = 0
points. There were also tool in quality ratings of each
domain with different levels (0–4 points). The summary

Fig. 2 QA results of the included studies using DARE assessment criteria

Table 3 Summary results comparing the identified tools by type

Tool characteristics Developed by the authors
(number, %)

Pre-structured tools
(number, %)

Purpose

Items used in specific fields 17, 65.38% [20, 21, 23, 26–34, 39, 40, 42, 44, 45] 5, 20% [46–49]

Items used for general systematic reviews 9, 34.62% [22, 24, 25, 35–38, 41, 43] 20, 80% [50–57]

Characteristics

Simple checklist 11, 42.3% [22, 24–27, 29, 31, 33, 39, 45] 4, 16% [52, 55, 56]

Checklist with judgment 7, 26.9% [20, 35, 36, 41–43, 45] 7, 28% [46, 47, 49–51, 53, 54]

Scale 8, 30.8% [23, 28, 30, 32, 34, 37, 40, 44] 14, 56% [48, 57]

Total (number, 100%) 26, 100% 25, 100%
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score of each study determined as high, low or unclear
risk of bias correspondingly.
In contrast, for 25 pre-structured tools, there were ap-

proximately 20 tools (80%) used for general SRs/MAs.
The exceptions were QA for IVD [46], a tool for in vitro
studies using artificial rumen [47], which specialized in
studies on cell lines, and two tools for the evaluation of
toxicological/ecotoxicological data [48, 49]. In general,
there were four simple checklists, six checklists with
judgment with 15 scales respectively (Table 3). IVD and
artificial rumen tools are checklists with conclusions.
The assessments entirely required the examiners to give
their checking based on available criteria. Tool for IVDs
suggested validations relating to their technical charac-
teristics, namely technical specification actable for regis-
try purposes, their format for technical file,
manufacturers, their proper distribution, and cost-
effectiveness.
Similarly, the validation established for experiments

with artificial rumen focused on specific criteria via the
assessment of microorganisms, dividing protozoa, incu-
bation periods, the digestion, and the interaction be-
tween chemicals used. Meanwhile, the tool specializing
in cell lines (World Cancer Research Fund, University of
Bristol) also highlighted the cell line characteristics, re-
petitive numbers of experiments, and the reporting se-
lection of outcomes. The first tool in toxicological/
ecotoxicological information was developed by Klimisch
et al. [49]. The criteria entirely focused on factors affect-
ing the results, namely the test substances (their purity/
origin/composition, their concentration/doses) or test
systems (their suitability, the physical and chemical char-
acteristics of the medium, negative/positive controls)
and method to measure the results (appropriate statistic
method). These authors suggested four levels of quality,
including reliable with and without restriction, not reli-
able and not assignable, accordingly. However, this ap-
proach did not have specific guidance for the quality
evaluation. In 2009, Schneider et al. [48] developed a
more detailed tool named ToxRTool based on Klimisch
et al. [49] ‘s suggestion to address this flaw. The ToxR-
Tool for in vitro SRs/MAs included 18 questions evalu-
ating the test substances, test system, study design
description, study results documentation, and plausibility
of study design and data. For each criterion reported,
the study gets one point. The summary score will ini-
tially determine its level of quality. However, Schneider
et al. [48] indicated some critical criteria would down-
grade the overall level if the study did not report it. The
evaluators will give their decision after considering both
the summary score and the answer to critical questions.
For 20 pre-structured tools for general reviews, they

emphasized the bias based on the detection or selection
of samples, the balance of baseline characteristics, the

complete outcome reported, and the sequence gener-
ation. Two of these tools (EBM Evidence Pyramid and
GRADE tool) were wrongly used as assessment tools of
methodological quality or risk of bias. Mainly, Xiao et al.
[58] used EBM Evidence Pyramid to evaluate the meth-
odological quality, while Pavan et al. [59] used GRADE
tool to assess the risk of bias of their included studies.
However, we still had them as exceptional cases of QA
tools applied by other authors of SRs/MAs in our re-
search. Among these 20 pre-structured tools, the QA
tool referring to CRH and the EBM Evidence Pyramid
[50] might be classified as the most straightforward
checklist. This tool has four levels and defines the grades
of quality based on the study design (SRs/MAs of
in vitro studies = A) and baseline characteristics (com-
parable baseline = B, unknown baseline = C, no similar
baseline = D). However, it is inappropriate to evaluate
the methodology of a SR/MA only based on the baseline
characteristics. The GRADE tool [51] is a tool to grade
the quality of evidence (strong to low quality), which
consists of six other domains (study design, inconsist-
ency, indirectness, limitations, imprecision, and publica-
tion bias) to adjust (downward or upward) this initial
assessment of quality. Therefore, the GRADE tool in-
structs the authors on defining the critical outcomes and
evaluating the quality of such results rather than asses-
sing the study’s risk of bias.
For the remained 18 tools, although there were both

checklists with available questions needing yes/no an-
swers and lists with domains needs requiring assessor’s
opinions, these questions are divided into these domains:
rationale of the study, samples, randomization, blinding,
procedures, reported outcomes, discussion evaluation
and other bias (Table 4). The criteria were highly varied.
The most popular criterion, which needs to be consid-
ered as the appropriate analysis, was mentioned in
Cochrane Collaboration [60], Joanna Briggs Institute
Clinical Appraisal Checklist for Experimental Studies
[61], Timmer’s Analysis Tool [52], and OHAT [53].
Other pricipal criteria are description of data collection,
the blinding of samples and investigators/assessors, ap-
propriate method, reporting of all outcomes mentioned
in the method, and reporting of missing data. These cri-
teria were mentioned by three tools in Table 4. The less
highlighted criteria include the reasonable sample size,
the appropriate method of data collection, the represen-
tative samples, the balanced baseline characteristic be-
tween intervention groups, the detailed sample data, the
randomization of allocation sequence, the assurance that
samples received the proper procedure, the appropriate
control/reference standards, and the adjusted con-
founders. Finally, the criteria rated by only one tool are
the rationale of the study, the description of the sample
collection tool, the description of controls/reference
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Table 4 The criteria rated by five tools (Cochrane collaboration, Joanna Briggs Institute Clinical appraisal checklist for experimental
studies, QUADAS tool, Timmer’s analysis tool, OHAT)

Criteria Cochrane
Collaboration

Joanna Briggs Institute Clinical Appraisal
Checklist for Experimental Studies

QUADAS
tool

Timmer’s
Analysis
Tool

OHAT

Rationale
of study

Rationale of study – + – – –

Sample

Reasonable sample size – + + –

Description of data collection – + + + –

Appropriate method of data
collection

– + – + –

Sample collection tool – + – – –

Representative/ appropriate samples – – + + –

The balanced baseline characteristics
between intervention groups

+ – – – +

Detailed sample data – + – + –

Description of control/reference
standard

– – + – –

Appropriate control/reference – – – + –

Randomization

Randomization of allocation
sequence

+ – – + –

Adequate randomization – – – – +

Blinding

Allocation sequence + – – – –

Sample/Participants + – – + +

Investigators/Assessors + – – + +

Procedure

Full description of procedures – + – – –

Samples received proper procedure + – + – –

Identical procedure between group – – – – +

Choice of appropriate method – – + + +

Appropriate control/reference
standard

– – + – –

The ability for replication – – + – –

Appropriate analysis + + + +

Justification of method analysis + – – –

Identical analysis between group + – – – –

Adjust confounders – – – + +

Reporting outcomes

Complete reported results + – – + +

Complete data + – – – –

No selection of reported results + – – – –

Intermediate results reported – – + – –

Missing data reported + – + + –

Clinical practice reflection – – + – –

+ This is a criterion of the tool
- This is not required
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standards, the adequate randomization, the blinding of
allocation sequence, the full description of procedures,
the identical approach between groups, the description
of control/reference standard, the replication, the justifi-
cation of method analysis, the similar research between
groups, the report of complete data, no selection of re-
ported results, report of intermediate results and the re-
quirement of the reflection in a clinical trial.

Discussion
The publication trend of in vitro SRs/MAs has been re-
cently increasing [62]. This was demonstrated by the
number of SRs/MAs found in our study along with the
recent surge of novel QA tools for in vitro studies [48,
53]. QA highly plays a critical role in every SR/MA to
judge the methodology and reliability, reduce the risk of
bias, and strengthen the evidence and recommendations
taken from such reviews [63]. However, the percentage
of papers, which reported QA procedures in our SRs/
MAs, was associated with an increasing trend to 42% in
2016. This was relatively low compared to other areas,
such as in randomized clinical trials, the Cochrane tool
was reported as widely used in 100% Cochrane reviews
[64].
In our study, a total of 51 tools has been identified

from two phases, in which, 48 tools were used by au-
thors of the included studies and three tools were found
via Google engine. There were 26 articles, which used in
the authors’ methodological assessment, and other tools
were pre-structured. Almost every study used a different
QA tool, which imposed several challenges that might
restrict the process of consistent, reliable, and integral
appraisal of SRs/MAs. Most QA tools in SRs/MAs of
dentistry topic were developed by the authors. These
tools were mainly methodological QA that primarily fo-
cused on materials and standard procedures in dentistry.
Also, the majority of dentistry SRs/MAs followed by the
criteria previously proposed by Onofre et al. This im-
plied that the criteria for assessing the methodology in
dental procedures were standards and could be applied
widely in different SRs/MAs. Only few dental SRs/MAs
followed QA process as the instructed in pre-structured
tools such as Cochrane or CASP and MINORS [65–69].
Regarding SRs/MAs relating to toxicology and diagno-

sis, there was a consistent manner among applied tools
since these QA tools specialized in each specific topic.
For instance, ToxRTool was applied in toxicological
studies and QUADAS-2 used in diagnosis studies. We
also recommend these tools in SRs/MAs of these par-
ticular topics because the criteria mainly cover the es-
sential aspects from the included studies. Other SRs/
MAs of other subjects (biology, bioactivity, and mate-
rials) assessed the quality of included studies primarily
by pre-structured tools. However, they considered a

variety of selected QA tools used. Both methodological
and reporting QA tools were applied. The authors had
to modify these tools for their in vitro SRs/MAs since
these tools were initially applied for in vivo studies
(SYCLE tool) or clinical trials (MINORS, CONSORT
checklist, Cochrane risk of bias tool). This resulted in
several inappropriate criteria, which were only applicable
in clinical trials or in vivo studies, which were included
in assessing quality. Only few SRs/MAs developed their
own criteria for these assessments [23, 70, 71]. As a re-
sult, this variety of QA tools poses a difficulty for re-
searchers to select which tool is more suitable to apply.
Also, the inconsistency of items covered by each tool
will affect the review process, especially when a specific
tool dismisses items that reflect the essential informa-
tions on the study under-assessment. This mostly oc-
curred in methodological QA tools since no current tool
covers all methodological aspects for all topics. There-
fore, this emphasizes the importance of reaching a con-
sensus among researchers regarding QA tools for
in vitro SRs/MAs comprehensively. Possibly there were
several inappropriate criteria included in a tool and lack-
ing of several critical criteria, there is a need for consen-
sus of essential aspects that should be included in QA
tool of in vitro SRs/MAs as well as the removal of un-
necessary criteria.
Given the lack of a standard QA tool for in vitro stud-

ies, several authors tend to develop a checklist that suits
the needs of their project. Passos et al. [20], Altmann
et al. [21], and Goldbach et al. [25] have developed dif-
ferent sets of QA tools that are either generic or serve
specific purposes. Sarkis-Onofre et al. [26, 72–77] also
developed several scales for single use in a particular
context. This tool was used by other in vitro studies of
the same topic in our sample and consisted of seven
items. The most commonly used items among seven
studies including sample size calculation and
randomization of ceramic specimen/teeth, indicated a
specific field of in vitro research. A highlight of tool de-
veloped by authors in conducting their study is their
technical characteristics. These assessment help the au-
thors evaluate the exact level of quality of included stud-
ies by relevant factors that affect the reliability of these
studies (including the used devices, the appropriate
medium, or specimens). However, the tools missed non-
technical factors causing bias, such as the integrity of
data reported or the appropriate analysis method. Three
other tools [22, 24, 25], which were developed by au-
thors but covered different aspects of a study, appeared
to comprehensively evaluate their included studies ran-
ging from report/performance/selection/detection cri-
teria. However, the guidance for using these tools was
not clarified in these reviews, as they only rated these
criteria based on their own research question leading to
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the limitations if other reviews aimed to use their ap-
proaches. The specificity of these tools limits their use
on a broader scale, and the variant nature facilitates a re-
searcher to disregard specific tools in literature
searching.
ToxRTool, which was known as criteria for reporting

and evaluating ecotoxicity data, and other standardized
tools were developed to provide more detailed and
transparent evaluation systems [78–80]. ToxRTool has
become widely used in toxicological research, and there
are similar tools adapted from it [81]. However, the
consistency of ToxRTool has some limitations and re-
quires some refinements [82]. In fact, ToxRTool aimed
to evaluate the toxicological data. Therefore, there are
many questions relating to the test substance and test
systems that might not be important for other in vitro
studies, for instance, the pureness and source of the test
substance.
Moreover, the lack of positive control would reduce

points of the quality of a study. However, not all in vitro
studies have their positive control. This decision de-
pends on the research questions and the purposes of the
study. Several other crucial factors for general in vitro
studies were neglected in this tool, such as the descrip-
tion of sample collection or the suitable sample size. For
these reasons, ToxRTool might be the best choice for
toxicological studies. Nevertheless, if we used it for re-
views of in vitro studies in other fields, it could not as-
sess the appropriate levels of quality for included
studies.
Amongst pre-structured tools for general reviews in-

cluded in our study, EBM Evidence Pyramid and
GRADE tool were wrongly applied to assess the method-
ology and risk of bias. We do not recommend other au-
thors to use these tools in their SRs/MAs in the future.
On the other hand, it seems that no tool covers almost
the essential criteria, such as sample size, the procedure
of sample collection, negative/positive controls,
randomization, blinding, analysis, data complete, and
missing data. For instance, the justification of sample
size, the full description of experimental procedures, and
the appropriate positive/negative controls were only in-
cluded for assessment in limited tools.
Similarly, the report of missing data and the comple-

tion of data report are also important since they relate
to the reporting bias leading to the inaccurate reflection
of in vitro results in clinical trials. But these criteria are
only mentioned in one tool. In contrast, for in vitro
studies, the blinding of the sample (participant) is un-
necessary since this kind of sample could not cause re-
port bias. However, this criterion is requested to report
in many tools due to the modification of QA tools of
in vivo studies or clinical trials. This gap leads to the fact
that whether the authors use any tools for their reviews,

the assessment might not reflect the proper level of
quality of included studies. This depends on authors’
perspective to determine which tool is more relevant to
their research questions. Frequently, the authors should
combine several tools to get the most suitable one for
their study. But this could not be applied widely if no
detailed guidance is developed. Three tools mentioned
the randomization, in which, Cochrane Collaboration
and Timmer’s Analysis Tool suggested the
randomization of allocation sequence meanwhile OHAT
recomended assessing whether the randomization was
adequate. This is a challenge for in vitro reviews since
the randomization is difficult to apply for in vitro mate-
rials. Unfortunately, no in vitro review in our study clari-
fied how they determined the randomization in their
included studies. We do not deny the critical role of
randomization to reduce the selection bias and reduce
the wrong results caused by different characteristics of
samples. However, we suggest that additional QA tools
for in vitro studies should focus on criteria to assure the
identical attributes in studied samples. This finding is
easier than the contribution to the method of
randomization. Finally, we agree that a QA tool for
in vitro studies should include the blinding of investiga-
tors and assessors. This can reduce the bias caused by
the ability to predict the results of the researchers.
Our study had certain limitations. Despite low prob-

ability, we applied the restrictions to our search during
14 years, excluding in vivo studies and combined studies.
In addition, 300 links screening from Google search en-
gine might result in a missed tool or guideline. Also, we
included all tools applied by the authors in their SRs/
MAs that led to forming some inappropriate QA tools
(GRADE tool and EBM Evidence Pyramid). However, we
discussed this problem and did not recommend it in
other SRs/MAs of in vitro studies.

Conclusions
Multiple different QA tools are currently available
throughout the literature. However, none could cover all
critical aspects of in vitro SRs/MAs. Thus, a comprehen-
sive guide should be developed to addresses all signifi-
cant concerns and aspects of this field. This would have
the possibility to increase the transparency and reprodu-
cibility of scientific work, boosting the reliability and val-
idity of available in vitro findings. This study serves as
an initial step towards achieving these targets by sum-
marizing the QA tools that are readily utilized through-
out the literature while pointing out potential
improvements to be adopted in the future.
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