
publications

Article

Use of Data Analysis Methods in Dental Publications:
Is There Evidence of a Methodological Change?

Pentti Nieminen 1,* and Hannu Vähänikkilä 2

1 Medical Informatics and Data Analysis Research Group, University of Oulu, 90014 Oulu, Finland
2 Infrastructure of Population Studies, Faculty of Medicine, University of Oulu, 90014 Oulu, Finland;

hannu.vahanikkila@oulu.fi
* Correspondence: pentti.nieminen@oulu.fi

Received: 15 December 2019; Accepted: 5 February 2020; Published: 6 February 2020
����������
�������

Abstract: Objectives: To evaluate how data analysis methods in dental studies have changed in
recent years. Methods: A total of 400 articles published in 2010 and 2017 in five dental journals,
Journal of Dental Research, Caries Research, Community Dentistry and Oral Epidemiology, Journal
of Dentistry, and Acta Odontologica Scandinavica, were analyzed. The study characteristics and
the reporting of data analysis techniques were systematically identified. Results: The statistical
intensity of the dental journals did not change from 2010 to 2017. Dental researchers did not adopt
the data mining, machine learning, or Bayesian approaches advocated in the computer-oriented
methodological literature. The determination of statistical significance was the most generally used
method for conducting research in both 2010 and 2017. Observational study designs were more
common in 2017. Insufficient and incomplete descriptions of statistical methods were still a serious
problem. Conclusion: The stabilization of statistical intensity in the literature suggests that papers
applying highly computationally complex data analysis methods have not meaningfully contributed
to dental research or clinical care. Greater rigor is required in reporting the methods in dental research
articles, given the current pervasiveness of failure to describe the basic techniques used.
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1. Introduction

Statistics play essential roles in evidence-based dentistry (EBD) practice and research. EBD research
ranges widely from formulating questions, designing studies, collecting and analyzing data to
interpreting, reporting, and presenting study findings [1]. The reader should understand the methods
described, especially when the article closely follows the traditional scientific methods with careful
observations, accurate measurements, and statistical inference to critically appraise a scientific
publication. Mastering statistical concepts appears to be an unreachable goal for many dental
researchers, which is, in part, due to statisticians’ limitations in explaining statistical principles to
health researchers without elaborating complex data analytical concepts.

Dental professionals clearly recognize the importance of data analysis concepts, but they often
possess little awareness of these issues [2–4]. There are only a few comprehensive studies concerning
dental journals and their use of data analysis methods. Yang et al. [5] conducted a bibliometric study
on dental journals and estimated the availability of statistical information within paediatric dentistry.
Lesaffre et al. [6] concluded in their study that the split-mouth study design and analysis would
benefit from improvements in the use of statistical methods. The prevalence of statistical adjustment
for confounding factors in orthodontic journals has also been assessed [7]. Vähänikkilä et al. [8–10]
published systematic assessments of the data analysis methods in dental articles. They showed that
the use of multivariable regression methods in dental journals from 1996 to 2006 did not increase.
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In addition, they showed how articles that are published in certain dental journals applied and
reported statistical methods differently from articles in visible medical journals (New England Journal
of Medicine and Lancet) [11]. However, Choi et al. [12] have identified a recent, but growing, trend
towards the application of statistical, especially non-parametric, methods in periodontal research.
There have also been also reviews of dental literature that have estimated the prevalence of misused
statistics or statistical errors [13] or evaluated the quality of statistical reporting [10,14].

Table 1 lists the commonly used methods for assessing statistical significance in dental
studies [15–19]. However, this table does not in any way include all of the statistical techniques that
readers encounter in dental research reports. Oral health practice-based research often includes multiple
patients from the same dental practice and multiple teeth or restorations within the same patient,
which results in clusters of correlated observations [20,21]. Therefore, natural clustering is evident; for
instance, teeth within an individual are expected to be correlated with each other. Consequently, the
clustering needs to be taken into account properly in the analysis to avoid statistical errors, possibly
leading into incorrect results and misleading conclusions, which has been a common deficiency in the
relevant areas of dental research [1]. Several multilevel data analysis methods have been proposed
for analyzing clustered data that do not ignore the clustering structure of surface and teeth [22,23].
In addition, various analysis methods of agreement and reliability have been implemented in dentistry
to measure the extent of agreement among raters, or to validate the questionnaires or diagnostic
tests [24,25].

Table 1. Basic statistical methods used in dental research by research goal and type of outcome variable.

Procedure Purpose

Statistical tables To report categorical distributions, cross-tabulations, statistics measuring
central tendencies, dispersion and correlation

Statistical illustrations To illustrate distributions, includes bar diagrams, histograms, 100% bars,
graphs showing means (and standard deviations) in bars or line charts, scatter
plots, charts showing time series data, survival curves, box plots, flow charts

Comparison of frequencies To analyse categorical response variables
- Chi-square test To compare a response variable between independent groups
- McNemar’s test To compare a response variable in before/after study designs

Comparison of means To analyse an outcome or response variable with normal distribution
- two-sample t-test To compare responses between two independent groups

- analysis of variance To compare responses between more than two groups
- repeated measures t-test To compare responses in before/after study designs

- analysis of variance with repeated measures To compare responses and analyse changes in repeated measurements

Non-parametric tests To analyse a quantitative response variable with skewed distribution or several
outliers and extreme values

- Mann-Whitney test To compare responses between two independent groups
- Kruskal-Wallis test To compare responses between more than two groups

- Wilcoxon signed-rank test To compare responses in before/after study designs

Quantifying association between two variables Statistics for measuring correlations between two or more quantitative
variables, includes Pearson product-moment correlation and non-parametric
Spearman’s correlation, and cross-tabulation with chi-square test, risk ratio or

odds ratio statistics for categorical variables

Regression models Explaining variation with several explanatory variables
- Linear regression To analyse variation of a continuous quantitative outcome with

symmetric distribution
- Negative binomial regression To analyse variation of an outcome variable with counts

- Logistic regression To analyse variation of a categorical outcome
- Cox proportional hazard regression To analyse variation of a time-to event outcome variable

The broad introduction of new data analysis methods that are compatible with the rapid expansion
in computing capability has reached also medical publications [26–28]. Bayesian methods, artificial
neural networks (ANN), and machine learning (ML) are some examples of these highly computational
approaches [29]. The use of big data and computer-intensive methods can be expected to make further
significant contributions to the use of statistics in medical publications [30]. It is still unclear how
widely dental researchers will adopt these new technologies.
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The aim of the present study is to assess the use and complexity of analytical statistical methods in
dental journals in 2010 and 2017. Articles on five dental journals are analyzed and compared, focusing
attention on the following research questions:

1. How the authorship has changed over this specific time span?
2. Has the characteristics of the study design changed?
3. What is the information that authors give on statistical data analysis procedures?
4. How widespread is statistical significance testing?
5. Has the statistical intensity of published articles changed in the 2010s?
6. What is the frequency of use of new complex computational approaches?

2. Materials and Methods

2.1. Article Set

A total of 400 articles that were published in 2010 and in 2017 were analyzed and covered five
dental journals: Journal of Dental Research (JDR), Caries Research (CR), Community Dentistry and
Oral Epidemiology (CDOE), Journal of Dentistry (JD), and Acta Odontologica Scandinavica (AOS). We
chose these dental journals to validate inferences about the wide range of statistical reporting in visible
and established dental journals. JDR has constantly been a highly visible and cited journal in dentistry
with a Clarivate Analytics (previously by Thomson Reuters) impact factor (IF) of 3.773 in 2010 and 5.383
in 2017; CR had the highest impact factor of the cariological journals in 2010 (IF 2.920), but the journal’s
visibility decreased in 2017 (IF 2.188); JD is an example of a journal that increased its visibility during
the evaluation period (IF increased from 2.115 to 3.770); CDOE takes the epidemiological approach to
dentistry and it had a slightly decrease visibility (IF was 2.328 in 2010 and 1.992 in 2017); and, AOS is a
European journal with an emphasis on the use of preventive methods in dentistry with an IF of 1.017
in 2010 and 1.522 in 2017. Medline, Web of Science, and Scopus indexed all of the selected journals,
which are the three most comprehensive indices of medical scientific journal articles.

Several articles have reviewed medical papers and reported that the proportion of articles
adequately using statistical methods lies in the range of 50–70% [31]. While assuming a 60% rate in
dental papers, a sample size of 100 dental articles was calculated to be the minimum number of articles
required for the present purpose, allowing for a maximum difference of 10% units between the sample
rate and the true population rate at a 95% significance level. However, we anticipated that 20 articles
per journal would be insufficient to make comparisons between the journals and, therefore, we decided
to increase the number to 40 articles per journal and year. Figure 1 shows the flow chart of how the
articles in the journals were selected.



Publications 2020, 8, 9 4 of 14

Publications 2020, 8, 9 5 of 16 

 

 

Figure 1. Flow chart of the article selection process. 
JDR = Journal of Dental Research, CR = Caries Research, CDOE = Community Dentistry and Oral 
Epidemiology, JD = Journal of Dentistry and AOS = Acta Odontologica Scandinavica. 

Figure 1. Flow chart of the article selection process. JDR = Journal of Dental Research, CR = Caries
Research, CDOE = Community Dentistry and Oral Epidemiology, JD = Journal of Dentistry and
AOS = Acta Odontologica Scandinavica.

The journals were scrutinized for original research articles that were published in 2010 and 2017.
These years were chosen to review the use of new statistical modelling techniques in dental research.
We have previously studied the development of data analysis methods and statistical reporting in
papers that were published in four of these dental journals in 1996, 2001, and 2006 with bibliometric
methods [8]. The total number of articles reviewed was 400 and each paper underwent careful scrutiny
for the use of statistical methods and reporting. The second author (HV) manually reviewed all 200
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papers that were published in 2010. The two authors jointly evaluated articles published in 2017
(n = 200) (PN and HV). All of the differences were reconciled by consensus.

2.2. Variables

We have measured, with slight modifications, the same variables as in our previous study from
psychiatric articles [25]. First, the number of authors and international collaboration was recorded.
International collaboration was defined as co-authorship involving informed author institutions from
different countries.

In this study, each of the selected articles was classified to one of five study design groups:
observational studies (cross-sectional surveys, cohort studies, and case-control studies), experimental
studies (randomized controlled clinical trials (RCTs) and non-randomized interventions), validation
and reliability studies, laboratory works, and other designs. We then divided the studies into four
groups based on sample size: under 30, 30–99, 100–300, and over 300. We reviewed whether the data
analysis procedures were described in the report’s methods section to evaluate the quality of reporting.
The measured variables also included whether the authors used formal statistical inference analysis,
and if so whether they reported a statistically significant result.

The statistical intensity formed the main outcome variable in this study. We used the Statistical
Intensity of Medical Articles (SIMA) tool [31] to obtain information regarding the applied statistical
methods. The SIMA instrument contains 68 items assessing data analysis procedures and the reporting
of findings. These items are further reduced into 16 groups of items. Each group represents the use of
specific statistical analysis methods or reporting styles. The sum of all 68 items, the statistical intensity
score, measures the intensity of the applied statistical methods in an evaluated article. A published
research article with very high number of tables and figures, several response variables and covariates,
reporting of various multivariable models, abundant use of significance tests and confidence intervals
can score a high SIMA value (over 20). However, these studies might be unreachable for dental
readers. In turn, an article with a low statistical intensity score hardly applied any statistical methods.
The reliability of the statistical intensity score has previously been shown to be high [31].

2.3. Data Analysis

Cross-tabulation was used to report the differences in the study characteristics and application
of the data analysis procedures between the publication years. The chi-square test was applied to
evaluate the statistical significance of the observed differences between the distributions. For the
statistical intensity score, we used the mean value with standard deviation and box plots to describe the
distribution by publication year and journal. An independent samples t-test was applied to evaluate the
statistical significance of the difference in the SIMA score between 2010 and 2017. Analysis of variance
was used to reveal the statistically significant differences for the statistical intensity between the journal
groups. The SIMA score was approximately normally distributed and the normality assumption of the
t-test and analysis of variance test were met by the data. All of the statistical analyses were executed
while using IBM SPSS Statistics (version 25) software.

3. Results

3.1. Authors

In the total article set, the median number of authors was five in both 2010 and 2017, while the
maximum number of authors increased from 10 in 2010 to 30 in 2017. However, the list of authors
in only one journal (JDR) included a very abundant number of co-authors: 25% of the articles that
were published in JDR in 2017 listed at least 10 co-authors with a maximum number of 30 co-authors.
The level of international collaboration did not change in the evaluated journals from 2010 to 2017.
The evaluated studies were internationally co-authored in 33.0% of the articles that were published in
2010, and in 29% of the articles published in 2017.
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3.2. Characteristics of the Study Design

The general characteristics of the analyzed articles in different journals showed that the proportion
of experimental studies (randomized clinical trials, non-randomized intervention studies or laboratory
works) decreased from 23.5% in 2010 to 11.5% in 2017 (Table 2). Our article set included 38 studies
(9.5% of all reviewed articles) that strictly followed the basic principles of randomized controlled
clinical trials (21 published in 2010 and 17 in 2017). In more recently published dental studies, the
authors applied an observational study design in 54% of the articles (Table 2). The observational study
designs that were applied in 2010 were as follows: 68 cross-sectional studies (34%), 29 longitudinal
(14.5%), and 11 case-control (5.5%). The journals did not differ from each other in this respect: JD had
an increased proportion of observational articles from 12.5% to 32.5%, JDR from 22.5% to 32.5%, CR
from 37.5% to 55.0%, AOS from 55.0% to 65.0%, and even CDOE from 72.5% to 85.0%.

Table 2 also presents the sample sizes of the reviewed studies. The sample sizes did not significantly
change in the five evaluated journals. Only in JD was there a clear change from small studies to studies
with larger sample sizes. In 2010, almost half of the articles (43%) that were published in this journal
had a sample size under 30, but, in 2017, this proportion decreased to 25%. In addition, 10 (25%) of the
published articles presented data on 300 or more subjects in 2017, but only in one evaluated article
(2.5%) in 2010.

Table 2. Distribution of study design and sample size of the evaluated dental articles by the
publication year.

2010
n (%)

2017
n (%)

All
n (%)

Study design

Observational studies 77 (38.5) 108 (54.0) 185 (46.3)
Experimental studies 48 (23.5) 23 (11.5) 71 (17.7)

Reliability 18 (9.0) 9 (4.5) 27 (6.8)
Laboratory works 52 (26.0) 53 (26.5) 105 (26.2)

Other 5 (2.5) 7 (3.5) 12 (3.0)

Sample size

<30 50 (25.0) 41 (20.5) 91 (22.8)
30–99 48(24.0) 47 (23.5) 95 (23.8)

100–300 36 (18.0) 30 (15.0) 66 (16.5)
>300 49 (24.5) 66 (33.0) 115 (28.7)

Missing 17 (8.5) 16 (8.0) 33 (8.3)

Total number of articles 200 200 400

p-value p = 0.001 for study design and p = 0.412 for sample size by the chi-square test.

3.3. Reporting of Data Analysis Methods

The failure to clearly describe the statistical (data analysis) methods in the Materials and Methods
section statistically and significantly increased from 33.5% to 48.5% during the seven-year period
(p-value of chi-square test was 0.003). This serious reporting problem seems to be more prevalent in
2017. Figure 2 shows how the description of statistical methods varied by journal and publication year.
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Figure 2. Percentage of articles with complete description of statistical procedures in dental articles
published in 2010 (n = 200) and 2017 (n = 200) by the journals. AOS = Acta Odontologica
Scandinavica, JD = Journal of Dentistry, CR = Caries Research, JDR = Journal of Dental Research and
CDOE = Community Dentistry and Oral Epidemiology.

3.4. Use of Statistical Significance Testing

Of the 200 evaluated articles published in 2010, we found that 159 (79.5%) articles reported use of
statistical significance testing. Of these studies, 123 (77.4%) reported a statistically significant result
for the primary outcome. This proportion did not change in 2017, with 125/157 (79.6%) articles being
published in the evaluated journals reporting p-values of less than 0.05.

3.5. Statistical Intensity of Dental Articles

Figure 3 presents the distribution of the statistical intensity score in the articles that were published
in 2010 and 2017. The mean (SD) of statistical intensity score in all 200 dental reports published in 2010
was 12.2 (5.8) and this number increased to 13.0 (6.0) in 2017. The change was not statistically significant
(p-value of independent samples t-test was 0.155). The statistical intensity only increased significantly
from 2010 to 2017 in JD, where the SIMA score increased from 9.2 to 12.6. In this journal, the quality of
statistical reporting and the information that the authors gave on data analysis procedures improved
considerably. The use of more computer-dependent statistical modeling methods had not replaced
the traditional significance tests or basic regression models in data analyses in any of the evaluated
dental journals.

In 2017, the mean (SD) of statistical intensity score varied, as follows: AOS 13.1 (4.9), JD 12.6 (5.6),
CR 13.7 (5.0), JDR 9.5 (5.6), and CDOE 16.3 (7.0), i.e., the statistical intensities of these prominent dental
journals were not at the same level (p-value = 0.015). In particular, CDOE published studies with high
statistical intensity in both 2010 and 2017.
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Figure 3. Box plot graph of the statistical intensity in dental articles published in 2010 (n = 200) and
2017 (n = 200) subdivided by the journals.

The SIMA score discriminated the dental articles according to their study design (Figure 4).
Observational studies had high mean value in both 2010 (15.1) and in 2017 (14.8), especially more
complex longitudinal cohort studies reported a wide use of statistical analysis techniques. Intervention
studies (mean 13.4) and reliability studies (13.6) had values that were close to the average values (13.0)
in 2017. Laboratory works had hardly applied any data analysis methods and had very low intensity
of statistical methods and reporting in 2010 and 2017. In 2017, the other study designs included seven
meta-analyses. These reports had the highest mean value (16.3) in 2017. The statistical demands
seemed to be higher in meta-analyses.
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Figure 4. Box plot graph of the statistical intensity in dental articles published in 2010 (n = 200) and
2017 (n = 200) subdivided by the study designs.

We also analyzed the association between the number of authors and SIMA score. The SIMA
score did not correlate with the number of co-authors (Spearman’s correlation coefficient ρ = −0.08 in
2010 and ρ = −0.06 in 2017).

3.6. Statistical Procedures

Table 3 shows the frequencies of the various statistical methods in the journals. Close to two-thirds
of the dental papers reported the use of basic methods to compare independent groups. Multivariable
regression models were used in 31% of the articles. Agreement between different measures was
reported in 20% of the evaluated articles. There were no statistically significant differences in the period
between 2010 and 2017 in relation to the use of basic statistical methods or multivariable regression
models. The readers of dental articles still encountered traditional methods that compared repeated
measurements (t-test and ANOVA for repeated measurements, Wilcoxon test, or McNemar’s test) in
2017. However, the various approaches for estimating intra-cluster correlations as further expansions
of basic regression models have not widely expanded for the analysis of longitudinal or intra-clustered
dental data. In 2017, we found ten meta-analyses, while in 2010 there were none.
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Table 3. Frequency of statistical procedures in five dental journals published in 2010 (n = 200) and 2017
(n = 200).

Methods Group 2010
n (%)

2017
n (%)

All
n (%)

p-Value of
Chi-Square Test

Comparing groups 135 (67.5) 128 (64.0) 263 (65.7) 0.527
Repeated measurements 34 (17.0) 34 (17.0) 68 (17.0) >0.999

Correlation coefficient methods 50 (25.0) 35 (17.5) 85 (21.3) 0.087
Regression models 63 (31.5) 60 (30.0) 123 (30.8) 0.828

Other multivariable methods 11 (5.5) 8 (4.0) 19 (4.8) 0.639
Intra-cluster correlation methods 21 (10.5) 25 (12.5) 46 (11.5) 0.639

Measures of agreement 44 (22.0) 34 (17.0) 78 (19.5) 0.256
Meta-analysis 0 10 (5.0) 10 (2.5) 0.002

Statistical genetics 4 (2.0) 10 (5.0) 14 (3.5) 0.172
GAM or spline functions 2 (1.0) 3 (1.5) 5 (1.3) >0.999

Bayesian methods 0 3 (1.5) 3 (0.8) 0.248
ANN or machine learning 0 0 0 na

Data are presented as n (%), GAM = Generalized additive models, ANN = Artificial neural networks,
na = not applicable.

New more complex methods that were attributable to the rapid expansion in computing capability,
including Bayesian methods, artificial neural networks, and machine learning, were applied on rare
occasions. Of the 400 articles, only three articles had utilized these methods (Table 3).

4. Discussion

Research reports that were published in five dental journals in 2017 were compared to studies
published in the same journals in 2010. This study yielded three main results: (1) the average number
of authors and the level of international collaboration did not change in the evaluated journals from
2010 to 2017, (2) observational study designs became more common, (3) despite widespread criticism,
insufficient and incomplete descriptions of statistical methods were still prominent, (4) the proportion
of articles reporting p-values remained high, (5) there was no increase in the frequency and intensity of
statistical reporting in the literature over the seven-year period, and (6) Authors have not adopted new
highly computational complex data analysis methods.

It is necessary to revisit the issue of statistical reporting to see whether findings from the 2000s to
the 2010s are still supported today because dental education and the standards for research reports
are continuously evolving. In this way, our study adds to the literature, as it indicates the continuing
use of basic traditional statistical methods. Previous evidence from the visible medical journals [32]
shows that moving beyond basic statistical concepts to reporting multivariable regression, time to
event models and intra-cluster correlation methods (multilevel modelling, generalized estimation
equation analysis, or mixed models), is increasing in general clinical journals. However, the results of
this study indicate that the reporting of these methods did not increase much in the evaluated dental
journals. In addition, the use of multivariable or specific methods was still in the same level as in
papers that were published between 1996 to 2006 [8]. The reasons are not evident, but we believe that
the authors or reviewers and editors of dental journals have not recognized the importance of utilizing
these analysis methods in dental studies. In addition, Baker and Gibson [33] have noted that very few
dental journals have skilled statistical reviewers who could help the authors to use more appropriate
data analysis methods. Thus, our findings provide information that could be considered by dental
schools and post-graduate training programs to review and revise their statistical training components.

Our results show that observational studies (cross-sectional surveys, longitudinal and case-control
studies) were performed at a higher frequency in 2017 than in 2010, and there was a corresponding
decrease in the frequency of experimental study designs and reliability evaluations. In particular,
the number of traditional cross-sectional or survey study designs increased, and the readers of these
journals did not encounter non-randomized and uncontrolled experiments (or interventional studies)
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as often. This finding suggests that studies with more epidemiological and public health objectives
were published in the evaluated dental journals in 2017.

Textbooks of medical statistics require that the sample size should be large enough (or as large as
possible) [17,19]. The number of articles that presented data on a large number of subjects increased
slightly in all reviewed journals. Over 33% of the evaluated articles analyzed data that included at least
300 study subjects in 2017. This proportion is still low when compared to articles published in visible
psychiatric (63%) or respiratory (50%) journals [25,34]. The previously reported alarming phenomenon
of decreasing sample sizes in dentistry has hopefully changed to a trend of greater precision and
power [8].

We observed changes between the articles published in 2010 or 2017 regarding the quality of
statistical reporting. Failure to describe the statistical methods was even more common in 2017
than in 2010 in four of the five journals. Most of the shortcomings in reporting of data analysis
methods in the journal articles that are reviewed here are related to topics included in most of the
guidelines for statistical reporting [35,36]. For example, the authors did not mention the variables
and methods used for each analysis conducted in the study, or they just listed the names of the
different significance tests. However, the guidelines advise describing statistical methods with enough
detail to enable a knowledgeable reader to judge their appropriateness for the study and verify the
reported results. It seems strange that these widespread reporting problems continue for such an
important issue. Focusing on clearly stated data analysis methods helps both the investigators to write
an understandable and compact report and the readers to evaluate the findings [34]. Nevertheless,
considerable research is published without co-authors with adequate training in data analysis methods,
and the papers just copy the insufficient descriptions from previous studies. In addition, the peer
review of the statistical methods is not common or sufficiently valued by editors [37,38].

Our results provide up-to-date evidence for the widespread use of significance testing in the
dental literature. Up to 80% of the reviewed dental papers displayed some kind of analytical character,
applying diverse statistical inferential methods. In addition, there was no change in the use of
significance testing. The reporting of traditional statistical significance testing and p-values was at the
same level as that reported in a previous study that reviewed four of these five journals from 1996 and
2006 [8]. Dental researchers were still likely to perform several tests to obtain statistically significant
results, and this phenomenon can lead to multiple testing problems and possible publication bias.
Statistically significant outcomes are more likely to be published than papers with non-significant
results [39]. Our findings reinforce the growing concern regarding the misuse of p-values in medical
literature [40,41].

The statistical intensity that was measured by the SIMA score did not change much during the
evaluation period; there was only an increase in the scores in JD. The statistical intensity of a published
article has several dimensions, and it is not a simple measure of the mathematical complexity or
computer dependency of an applied method [31]. The proposed score measures the intensity from a
reader’s point of view. The instrument integrates the description of the methods, ancillary analysis,
report of findings using p-values, confidence intervals, tables or figures, and model-building strategies
with the use of specific statistical analysis techniques. A paper with several outcomes and explanatory
variables, the application of multivariable methods, overuse of p-values and confidence intervals, and
a very high number of tables and figures is given a high SIMA score, but dental readers might find
these papers difficult to read. Our findings show that the complexity of dental articles did not increase,
although there is a need to apply more appropriate multivariable methods and improve the description
of data analysis methods.

The Journal of Dentistry increased its visibility and ranking among dental journals based on the
impact factors listed by Clarivate Analytics. JD was ranked 18 in the dental category in 2010, but
advanced to eight in 2018. In parallel with the considerable improvements in the statistical intensity of
the published articles, JD also increased its rank among dental researchers. The fact that statistical
analysis is essential in clinical studies today indicates that the correct and readable reporting of
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statistical analysis is also important when a journal aims to increase its visibility. However, this does not
necessarily hold true for journals in the biomedical fields, which stick with basic statistical inferential
methods, such as t-tests or analysis of variance [42]. In our study, JDR represents these higher impact
factor journals that have a high proportion of laboratory works and very low statistical intensity.

The availability of statistical software packages has greatly facilitated extensive data analysis
and increased the quantity and complexity of using statistical methods. Our findings are in line with
previous findings from other medical sub-fields, where clinical researchers have not approved data
mining and computationally intensive machine learning methods [25,34,43]. So far, machine learning
algorithms that have been developed for prediction purposes have not been useful tools in clinical
medicine when the purpose is to understand factors that affect developing diseases or estimate the
effectiveness of new treatment methods [44]. If conclusions are drawn on the basis of computationally
complex algorithms not visible in the data (tables or graphs) presented, then the clinicians may not be
convinced of the results. Simpler classical approaches can often provide elegant and sufficient answers
to important questions. Unsustainable promises and unfulfillable expectations should be avoided in
the context of big data and machine learning [30]. The broader introduction and expansion of a new
analysis method to medical publication seems to require that the method helps to solve a data analysis
problem, where basic statistical methods have not been useful or applicable.

The selection of journals was the major limitation of this study. There are 90 journals in dental
journals category of Journal Citation Reports provided by Clarivate Analytics. In addition, there
are several other dental journals that are not indexed by Clarivate Analytics. We chose our journals
with the aim of making externally valid inferences about current data analysis methods in the visible
dental literature. The five journals were chosen to represent these established journals, but also
encompassing different dental specialties. Accordingly, we think that our choice of journals enables
us to make externally valid statements regarding the current statistical methods and reporting in
dental publications.

5. Conclusions

Scientific reports are the key to a dentist’s lifelong learning process. There was no veritable
explosion in the frequency and intensity of data analysis methods in the dental literature over the
seven-year period. The use of basic significance testing was still widespread. Dental doctors who are
familiar with basic data analysis methods can critically evaluate most of the published research reports.
This skill will positively affect their ability to use the information for better patient care. Educators in
dentistry could apply our results in designing training on research skills.

Statistical methods should convey and disseminate the news of the research. Failing to state
essential information on data analysis procedures was prominent. Most of the shortcomings in
the reporting of data analysis information were related to topics that were included in most author
guidelines. It seems strange that a problem seemingly so important, so widespread, and so long-standing
should continue [37]. Possible explanations are that (1) much research is done without the benefit of
anyone with adequate training in quantitative research methods, (2) copying of poor reporting practices
is usual, or (3) the statistical component of the peer review process is not common or sufficiently
valued by editors. Our study suggests that, while dental researchers currently publish studies with
understandable and compact analyses, they should improve the quality of statistical reporting. Thus,
they help other researchers to utilize those results in their own further studies.
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