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Abstract

Aim: Analysis of distribution of p-values of continuous differences between test and
controls after randomization provides evidence of unintentional error, non-random
sampling, or data fabrication in randomized controlled trials (RCTs). We assessed evi-
dence of highly unusual distributions of baseline characteristics of subjects enrolled
in clinical trials in implant dentistry.

Materials and methods: RCTs published between 2005 and 2020 were systemati-
cally searched in Pubmed, Embase, and Cochrane databases. Baseline patient data
were extracted from full text articles by two independent assessors. The hypothesis of
non-random sampling was tested by comparing the expected and the observed distri-
bution of the p-values of differences between test and controls after randomization.
Results: One-thousand five-hundred and thirty-eight unique RCTs were identified, of
which 409 (26.6%) did not report baseline characteristics of the population, and
671 (43.6%) reported data in forms other than mean and standard deviation and
could not be used to assess their random sampling. Four-hundred and fifty-eight tri-
als with 1449 baseline variables in the form of mean and standard deviation were
assessed. The study observed an over-representation of very small p-values [<.001,
1.38%, 95% confidence interval (Cl) 0.85-2.12 compared to the expected 0.10%,
95% Cl 0.00-0.26]. No evidence of over-representation of larger p-values was
observed. Unusual distributions were present in 2.38% of RCTs and more frequent in
non-registered trials, in studies supported by non-industry funding, and in multi-
centre RCTs.

Conclusions: The inability to assess random sampling due to insufficient reporting in
26.6% of trials requires attention. In trials reporting suitable baseline data, unusual
distributions were uncommon, and no evidence of data fabrication was detected, but
there was evidence of non-random sampling. Continued efforts are necessary to

ensure high integrity and trust in the evidence base of the field.
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data integrity, implant dentistry, non-random sampling, randomized clinical trials, risk of bias

Scientific rationale for study: Trust in scientific evidence is the key to applying best practices to

clinical care. Concerns of bias have been raised in many medical disciplines. Most assessments

Principal findings: The study found no evidence of systematic misconduct. A small, yet signifi-
cant, proportion of studies show traces of failed randomization and thus potential bias in

implant dentistry trials. Studies with trial registration and industry funding seem to be less

Practical implications: Significant bias is built into the body of evidence, yet there is no evidence
of systematic problems. Evidence-based implant dentistry remains the best approach to develop
guidelines and make the best practice decisions. Researchers, editors, and peer reviewers need
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are unable to address data but focus on process.

affected.

to continuously improve the integrity and trust of the evidence base.
1 | INTRODUCTION

Bias in science, although relatively small in magnitude, has pervasive
and far-reaching effects (Fanelli et al., 2017). Surveys have indicated
that 2% of scientists admit having engaged in serious questionable
practice and 14% report being aware of colleagues having engaged in
such practices (Fanelli, 2009). These are likely conservative estimates.
In medicine, implications are far reaching when biased translational
research is brought into clinics and when trials are included in system-
atic reviews that inform evidence-based guidelines and best practices.
Randomized controlled trials (RCTs) have been advocated as a key
method to reduce bias and improve the evidence base of medicine
and dentistry (Grimes & Schulz, 2002). A systematic analysis of
sources of bias in RCTs, commissioned by the US Agency for
Healthcare Research and Quality, has studied the impact of six
domains of bias in RCTs: selection bias through randomization; con-
founding through design and analysis; detection bias through blinding
and statistics; performance bias through fidelity to protocol; attrition
bias through ITT (intention to treat) and other procedures to account
for loss to follow-up; and reporting bias through selective outcome
reporting (Berkman et al., 2014). While data did not allow precise esti-
mates, a trend towards amplified differences was observed in biased
reports. In parallel, efforts have been made to assess the impact of
interventions designed to decrease bias in terms of modification of
perceptions and attitudes, acquisition of knowledge and skills, behav-
ioural changes, and organizational changes (Marusic et al.,, 2016).
Authors concluded that the effect of interventions was uncertain and
noted that the use of a journal's author contribution form affected the
truthfulness of the information supplied.

Efforts to improve the quality of clinical research and thus confi-
dence in the results have included sensible actions focused on
(i) improving the quality of reporting of trials through the establish-
ment and implementation of design specific checklists, (i) institutional
research governance, and (iii) clinical trial registration in publicly

accessible depositories. These efforts have focused on establishing

robust processes aimed at the prevention of misconduct but have
until recently failed to directly assess content and thus an essential
component of the integrity of the data. High-profile reports of scien-
tific fraud have led to attempts to assess content in the hope to iden-
tify data fabrication or falsely reporting observational research as a
randomized trial. John Carlisle, the Editor of Anesthesia, has pioneered
the application of the Stouffer—Fischer statistical method to identify
errors in reporting baseline data, non-random sampling, and/or data
fabrication (Carlisle, 2017; Carlisle & Loadsman, 2017; Adam, 2019).
The method assumes that the p-values of differences between the
test and the control groups observed after randomization should fol-
low a uniform distribution and that deviations can be detected. While
the interpretation of the findings—in particular the ability to tell apart
honest error from misconduct—and calls for routine application at arti-
cle submission have been questioned (Mascha et al., 2017), the novel
version of the Cochrane risk of bias tool (Rob2) (Sterne et al., 2019)
has introduced greater scrutiny of the compulsory Table 1 according
to the CONSORT guidelines to assess potential bias (question 1.3 in
domain 1). Debate continues about the benefits of using statistics to
identify unusual patterns of data during the monitoring of clinical tri-
als, at article submission, and in bibliometric studies (Buyse
et al,, 1999; van den Bor et al., 2017; Cragg et al., 2021).

In implant dentistry, the challenges to establishing a credible
evidence base have been well recognized and discussed in a meeting
jointly convened 25 years ago by the American Academy of Periodon-
tology and the US Food and Drug Administration (Buser & Tonetti,
1997; Scott & Runner, 1997; Weber et al., 1997). A decisive impulse
towards high-quality clinical research has been established by a series
of evidence-based workshops; among these, the VIII European
Workshop focused on the design and quality of reporting of clinical
research in implant dentistry (Lang & Zitzmann, 2012; Sanz &
Chapple, 2012; M. Tonetti & Palmer, 2012) and reiterated the impor-
tance of well-designed randomized controlled clinical trials in the field.
Multiple systematic reviews focused on methodology have shown

that bias in reported implant dentistry trials remains high (Faggion
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et al, 2014). Furthermore, recent analyses of retractions in dental
research have indicated that implant dentistry appears to be a high-
risk discipline (Faggion et al., 2018; Rapani et al., 2020).

We hypothesize that unusual distributions are present after ran-
domization of subjects in implant dentistry clinical trials, that extreme
p-values are not evenly distributed within the clinical trial population,
and that specific risk indicators can be identified. The aims of this study
were to (i) identify unusual distribution of baseline data in RCTs in
implant dentistry and (i) identify potential risk indicators for unusual

distribution of baseline parameters after subject randomization.

2 | METHODS AND MATERIALS
21 | PICO question, search strategy, and
screening

This was a systematic analysis of randomized clinical trials published
between 1 January 2005 and 31 December 2020 in the field of
implant dentistry (Population). The study considered any intervention
related to implant dentistry including surgery, prosthetic reconstruc-
tion, guided bone regeneration (GBR), socket preservation, sinus
grafting, and management of peri-implantitis. Comparisons included
no-treatment controls and any other treatment. The primary outcome
was the presence of highly unusual distributions of baseline character-
istics between test and control groups in clinical trials. Additional out-
comes included appropriate reporting of baseline data (Table 1 after
randomization) and Cochrane risk of bias (RoB2) of studies with
unusual distributions and a matched control study.

Trials were screened in Pubmed, Embase, and the Cochrane
clinical trial library using the following search syntax:

(Dental implant(MESH) OR dental implantation(MESH) OR
osseointegration(MESH) OR osseointegrated implant OR alveolar
ridge augmentation OR alveolar ridge preservation OR socket preser-
vation OR guided bone regeneration OR sinus augmentation OR sinus
graft OR immediate implant OR delayed implant) AND (randomized
clinical trial OR clinical trial OR clinical study[Title/Abstract] OR prag-
matic trial[Title/Abstract]))) AND (“2005/01/01”[Date - Publication]:
“2020/12/317[Date - Publication]) Exclude: Embryo implantation.
Citations were exported into a citation manager (Endnote X9) and
duplicates were eliminated. Titles and abstracts were assessed by two
trained raters (W.S.M. & Y.K.X., kappa=0.895 for inter-examiner
agreement) to eliminate irrelevant citations such as systematic
reviews, meta-analyses, non-dental trials, clearly non-randomized
clinical trials. Discrepancies between examiners were resolved by

discussion and consensus with a third investigator (S.J.Y.).

The full text of the identified articles were downloaded and
analysed by two independent trained and calibrated raters (W.S.M.
and Y.K.X,; kappa = 0.9424 for inter-examiner agreement) to identify
RCTs. A study was considered an RCT if described as such in the title,

abstract, or text of the article. In case of disagreement between the
raters, the specific study was discussed, and consensus reached with
a third investigator (S.J.Y.). Methods followed the PRISMA guidelines
for the relevant portions (Moher et al., 2009).

2.2 | Data extraction

Experimental data were extracted using a piloted, custom-made data
collection form. Data from a specific study was extracted by a single
investigator (X.M.) and independently checked by two additional
investigators (S.).Y. and X.R.). Trials reported in multiple publications
(e.g., at different times of follow-up) were assessed considering all

publications of that trial. The following primary data was extracted:

1. Presence of baseline data describing test and control groups after
randomization.

2. Presence and number of reported baseline variables and their type
(categorical or numerical).

3. For each variable, frequencies (categorical) or means and standard
deviations (numerical) and reported p-values were entered for test
and control group(s). The sample size for each group was also

included.

For each study, the following characteristics were also recorded:
(i) PMID; (ii) Year of publication; (iii) journal of publication;
(iv) institution of the first author; (v) institution of the last author;
(vi) type of institution (private practice, university, hospital, consortia,
commercial clinical research organization); (vii) single-centre or multi-
centre trial; (viii) whether trial registration reported or not reported in
the publication; (ix) source of funding (institutional, commercial, no
funding); and (x) primary trial area (new implant design or surface,
implant timing or loading, aesthetics, bone augmentation, soft tissue

augmentation, management or prevention of biological complications).

2.3 | Risk of bias

Given the number of identified trials, risk of bias was limited to trials
identified as having unusual distribution of baseline values and a mat-
ched random sample by journal, year of publication, and topic. The
Cochrane RoB2 tool was employed (Sterne et al., 2019).

24 | Statistical analysis

Data management and analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC). All analyses were performed with the statisti-
cian masked with respect to the trial authors and institutions. All
reported p-values for t-test of baseline covariates were recalculated by
the biostatistician (X.Z.) based on reported mean, standard deviation,

and the number of participants, using the following formula:
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The expected distribution of p-values from comparisons between ran-
domized groups for continuous variables at baseline has been reported to
be uniform (Bolland et al., 2019), with an equal likelihood of a p-value for
any decile, that is, the expected percentage is 10% in each decile.

The 95% confidence interval (Cl) of the expected percentage was
calculated to test whether the observed distribution was unusual. The
area under the curve of the cumulative distribution function (AUC CDF)
was also calculated to estimate the percentage of overall deviation from
the expected distribution. Fisher's exact test was further used to com-
pare the observed prevalence of p < .001 with the expected distribution.
Non-parametric Wilcoxon test was performed to compare the result of
the Cochrane ROB2 assessment (ranked ordinal data) between trials

with baseline p < .001 and trials without unusual distribution.

2.5 | Contact with corresponding authors

All corresponding authors of the RCTs presenting unusual distribu-
tions were contacted via e-mail and asked to verify if there was any
unintentional error in the baseline data reported in their paper. A
reminder was sent after 1 week. In case of no answer or unsatisfac-
tory explanation, the unusual distribution was attributed to non-

random sampling.

3 | RESULTS
3.1 | Included studies and proportion of trials not
reporting baseline values

Figure 1 illustrates the PRISMA diagram of the included studies. After
removal of duplicates, the search identified 4522 publications, of
which 2984 were excluded after the title/abstract screening as being
clearly not RCTs or multiple publications arising from the same trial.
One-thousand five-hundred and thirty-eight articles reporting on RCTs
were assessed as full text. Of these, 1080 (70.2%) were excluded, as they
did not present the required baseline description of the test and control
populations according to the CONSORT checklist; 409 (26.6%) did not
present any baseline information, and 671 (43.6%) did not have baseline
information with at least one variable in the form of mean and
SD. Tables 1 and 2 show the distribution of trials failing to report base-
line information by publication year and impact factor of the publishing
journal. A significant decrease in the proportion of such studies was
observed comparing reports published in 2005-2010, 2011-2015, and
2016-2020 (p < .01, Cochran Armitage trend test). Similarly, the propor-
tion of studies reporting baseline information was significantly higher in

perioconioioay SUMIIBSACE

TABLE 1 Impact of time on the number (proportion) of trials
reporting baseline covariates after randomization (total number of
trials = 1538)

Baseline description N (%)

Period (number of publications) Not reported Reported p-Value

2005-2010 (N = 243) 84 (34.6) 159 (65.4) <.01
2011-2015 (N = 486) 132 (27.2) 354 (72.8)
2016-2020 (N = 809) 193(23.9) 616 (76.1)

Note: The p-values were retrieved with the Cochran—Armitage trend test.

journals with a higher impact factor (p < .01, Cochran—Armitage trend
test). A total of 458 trials reporting on 1449 variables at baseline were
included in all subsequent analyses. No included study used stratification

or minimization in the randomization process.

3.2 |
values

Distribution of expected and observed p-

Figure 2 shows the expected and observed distribution of the p-values
of baseline characteristics of subjects randomized in the test and control
groups. There was no over-representation of p-values >.5. p-Values in
the smallest decile, however, were over-represented by 5.3% (p < .01,
95% Cl 2.9-7.7%). The observed proportion of very small p-values
(<.001) was 1.38% (95% Cl 0.85-2.12); this was significantly higher
(p < .01, Chi-squared test) than the expected proportion of 0.1% (95% ClI
0.00-0.26%). The difference in the AUC of the cumulative observed and
expected distributions of p-values (Figure 3) provides a total estimate of
deviations equal to 7.1% of variables. Very small p-values (<.001) were
observed in 13 RCTs (see Table S1). In the majority of these trials, only
one variable had a very small p-value. One study had four, another three,
and one had two variables with very small p-values. The corresponding
authors of these RCTs were contacted. Seven replied but none reported

that there were errors in the baseline data.

3.3 | Riskindicators of unusual distribution

Table 3 shows the significance of indicators of unusual distributions.
No significant differences were observed for time of publication or
type of institution. Multi-centre trials had significantly higher propor-
tions of unusual distributions (p = .013). Studies reporting commercial
funding had significantly lower proportions of unusual distributions
(b = .039) and so did studies with trial registration (p = .003).

3.4 | Risk of bias assessment
The application of the RoB2 Cochrane assessment resulted in 10 and
3 trials with unusual distribution showing “some concern” and “high

risk” of bias, respectively. The matched control trials showed “some
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FIGURE 1 PRISMA diagram
illustrating the included studies. RCTs,
randomized controlled trials

1538 RCTs

v

2984 were excluded:
1. Not reporting RCTs in implant
dentistry
2. Duplicate report of same RCT

\ 4

v

409 lack of baseline description,
671 lack of baseline description in

the form of mean and SD

458 publications with 1449 variables
described in the form of “mean (SD)” at
baseline were analysed

Baseline description N (%)

Impact factor (number of publications)

IF < 1(N=118)
1<IF<3(N=423)
3<IF<5(N=453)
IF = 5 (N = 544)

Not reported Reported p-Value
37 (31.4) 81 (68.6) .009

129 (30.5) 294 (69.5)

125 (27.6) 328 (72.4)

118 (21.7) 426 (78.3)

Note: p-Values were retrieved with the Cochran-Armitage trend test. IF values of 2020 of the journals

were used in the analysis.

AAUC (expected) = 0.071

TABLE 2 Impact of the 2020 journal
impact factor (IF) on the number
(proportion) of trials reporting baseline
covariates after randomization (total
number of trials = 1538)
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FIGURE 2 Expected and observed distribution of p-values of

baseline covariates after randomization. N = 1449 variables from 458

trials
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—— Observed distribution
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FIGURE 3 Cumulative proportion of expected and observed
distribution of p-values of baseline covariates after randomization.
N = 1449 variables from 458 trials. AUC, area under the curve
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TABLE 3 Indicators of RCTs with unusual distribution (p < .001)
Indicator (humber of variables)

2005-2010 (N = 170)

2011-2015 (N = 364)

2016-2020 (N = 915)

Hospital (N = 533)

University (N = 828)

Publication year

Type of institution

Clinical research organization (N = 31)
Private practice/company (N = 57)
No funding (N = 578)

Institutional funding (N = 372)
Industrial funding (N = 499)

Source of funding

Multi-centre No (N = 1327)
Yes (N = 122)

Trial registration No (N = 572)
Yes (N = 877)

perioconioioay SUMIBSACE

Expected Observed 95% CI p-Values
Proportion of p < .001 (%) Chi-square
0.1 0.59 0.01-3.23 -

0.1 1.92 0.78-3.92 268
0.1 1.31 0.68-2.28 441
0.1 0.94 0.31-2.18 -

0.1 1.81 1.02-2.97 .203
0.1 0.00 - .999
0.1 0.00 - .999
0.1 1.73 0.83-3.16 -

0.1 242 1.11-4.54 465
0.1 0.20 0.00-1.11 .039
0.1 1.13 0.63-1.86 =

0.1 4.10 1.34-9.31 013
0.1 2.62 1.47-4.29 -

0.1 0.57 0.19-1.33 .003

Note: As the proportion of p < .001 was low in all subgroups, the significance of indicators of RCTs with unusual distribution was tested with Chi-square in
Poisson regression using the first group as the reference (ref = first) and a logarithmic link function. The 95% confidence interval (Cl) was calculated using

the following SAS procedure (Proc freq; table x/binomial; run;).

concern” and “low risk” of bias in eight and five trials, respectively.
The difference in overall risk of bias between the two groups was sig-
nificant (p = .006, Wilcoxon test). After excluding domain 1 of the
RoB2 tool—the domain specifically related to randomization—how-
ever, there was no significant difference between the two groups
(b = .778, Wilcoxon test).

4 | DISCUSSION

The key results of this study were (i) the experimental indication of
non-random sampling in a small, yet relevant, proportion of papers
reporting RCTs in implant dentistry, and (ii) the identification of spe-
cific risk indicators for non-random sampling, namely lack of trial reg-
istration, non-industry sponsorship, and multi-centre trials. These
conclusions can be drawn from the detected over-representation of
very small p-values in the comparison of baseline covariates of test
and control subjects after randomization. Very small p-values can be
the result of either an error of reporting or non-random sampling/
compromised randomization by inappropriate allocation concealment.
An attempt to differentiate the two situations was made by con-
tacting the corresponding authors of the original studies and inviting
them to specifically check the results reporting on the baseline inter-
group differences, share the presence of any errors along with their
corrected values, and the pledge to ask the journal to publish an erra-
tum. Authors did not report the presence of errors.

In dentistry, these data represent a first attempt to go beyond
formal assessment of quality of reporting, which, by definition, does
not address the matter of data integrity. While the employed statisti-
cal method has proved robust in identifying unusual distribution of p-

values of baseline differences, its interpretation has been the subject
of debate (Mascha et al., 2017; Stang & Baethge, 2018). It is important
to underline that while looking at changes between the observed and
expected distribution is relatively robust, extrapolation to individual
studies is problematic and the appearance of a specific study in the list
of trials with unusual distribution does not equate to scientific mis-
conduct. The most plausible alternative explanation is reporting error,
and authors were offered the opportunity to correct any such
instance. The presence in some studies of multiple very small p-values
appears noteworthy. Other statistical problems and limitations have
been highlighted that require using this tool only as a screening
method, which may call for additional investigation to better under-
stand the circumstances of an individual study and its report. It is also
important to understand that the method does not imply that papers
that have not been flagged are free from scientific misconduct or
other forms of bias. A case in point has been reported by Graziani
et al. (2019) in their systematic review on early implant placement in
anterior areas: they identified discrepancies in the randomization pro-
cess and in multiple publications of a key trial, reported as RCT, which
has not been identified in this study. In the consensus, the trial was
considered at high risk of bias and probably invalid, with great impact
on clinical recommendations (Tonetti et al., 2019). Another important
limitation of this study is that, while the general view maintains that
bias/misconduct inflate treatment effect, there are no specific esti-
mates of the clinical relevance of the findings (Berkman et al., 2014).
This study showed that 2.8% of trials had unusual distributions at
baseline. If such prevalence were to be fully attributed to non-random
sampling and serious scientific misconduct, the prevalence will be like
that reported in the broader areas of science (Fanelli, 2009). Such

prevalence, however, is probably a conservative estimate, as many
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trials (409 of 1538) in implant dentistry did not report baseline data
after randomization (a CONSORT requirement) and thus could not be
evaluated.

Of interest is the discussion of the observed unusual distribution
in the context of retractions in dentistry and implant dentistry. Sys-
tematic analyses published in 2018 and 2020 have identified 138 and
180 retracted articles in dentistry, respectively (Faggion et al., 2018;
Rapani et al., 2020); only a minority (8-12) were clinical trials. For
these, scientific misconduct was by far the major reason for the
retraction, which in 9 out of 10 cases was requested by the journal
editor. Three of the retracted RCTs were in implant dentistry (Bottini
et al., 2012; Pieri et al, 2012, Moll et al. 2012), and these represent
0.2% (3 out of 1538) of trials identified in this study.

The observed risk indicators of unusual distribution/non-random
sampling are important. Lack of trial registration was associated with
higher proportion of unusual distributions and, to the best of our
knowledge, represents the first observation of a potential benefit in
terms of data integrity. It is reasonable to assume that the additional
effort and surveillance associated with trial registration may have
decreased the risk of unusual distribution/non-random sampling. Pro-
spective trial registration has been originally advocated to address pub-
lication bias (Simes, 1986), but it is now a critical component to
improve data integrity and has been a requirement of leading dental
Journals (Smail-Faugeron et al., 2015). Currently, 475 trials on implant
dentistry or dental/oral implant are registered in a public depository
(information accessed from the WHO international clinical trial registra-
tion portal in August 2021); 153 of these are recruiting but only 58 of
them (38%) have been prospectively registered. Concerted policy
action towards a clear end to the moratorium of required prospective
registration may now be warranted for all dental journals
(Giannobile, 2015). The observed protective effect of industry funding
of the trial is an important finding. The mandates to obtain high-quality
research for registration and post-market surveillance of medical
devices are probably a key factor. This finding also contributes to the
ongoing discussion of the role of commercial funding in bias in implant
dentistry research (Popelut et al., 2010; Dos Santos et al., 2019). Some-
how unexpected was the observation that higher proportions of
unusual distributions were observed in multi-centre studies—trials that
are frequently perceived as having better quality and less bias. Firstly,
the sample included 122 trials (7.9% of the total sample) self-reported
as being multi centre. It comprised a wide spectrum of trials, from rela-
tively small self-funded studies to larger industry-sponsored trials. In
multi-centre trials, randomization bias is a well-known phenomenon
that may arise from failure of randomization at some of the centres or
from ineffective monitoring of the study sites (George & Buyse, 2015).
As these studies carry additional weight in meta-analyses and clinical
guidelines, additional scrutiny seems justified, for example, by using
semi-automated electronic data monitoring systems that can flag
unusual characteristics of subjects at specific study sites during subject
recruitment (Buyse et al., 1999; van den Bor et al., 2017).

Analysis of the differences in the RoB2 scores for the papers with
unusual distribution and randomly matched controls point to the fact

that papers with unusual distribution were not obviously different in

terms of perceived risk of bias in the non-randomization/allocation
concealment domains of the Cochrane risk of bias tool. This highlights
that quality of reporting and substantive issues with a trial should be
considered and assessed in parallel. Particular attention is called for an
assessment of baseline covariates.

Of importance are also the additional findings suggesting that lack of
reporting of baseline covariates—a critical requirement for the adherence
to the CONSORT guidelines—remains highly prevalent in the implant
dentistry body of evidence. The observed trend towards an improvement
over time and in journals with higher impact factor is positive, but addi-
tional efforts are urgently required because 24% of the trials published in
the latest 5-year period did not comply with it (Table 1).

A few final considerations should be made. First, while this study
detected no evidence of systematic misconduct in implant dentistry, there
seems to be at least an order of magnitude discrepancy between retracted
RCTs and trials with unusual distribution of baseline covariates (0.2%
vs. 2.8%, respectively). The assessment of unusual distributions to learn
more about randomization and allocation concealment explores only one
of the six recognized domains of bias. There is no reason to believe that
bias, serious misconduct, or fraud is limited to this aspect. Second, efforts
to improve the current situation require more stringent enforcement of
editorial policies and quality of reporting guidelines at manuscript submis-
sion and during the peer review. Ongoing changes in the business model
of scientific publishing (Tonetti, 2019), however, pose formidable man-
power and cost challenges. The introduction and implementation of semi-
automated systems, such as the ones routinely used for plagiarism check-
ing, may help (Cragg et al., 2021). In parallel, research institutions should
improve clinical research governance and monitoring of ongoing trials.
Finally, incorporation of the current evidence in systematic reviews and
clinical guidelines may require a more circumspect and conservative
approach considering risk of bias, the overall assessment of the trials and
their reports, and insight provided by expert opinion. The recent EFP S3

guidelines provide an important best-practice example (Sanz et al., 2020).
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