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Main Points
• Inadequate sample size calculation includes the failure to report the confidence level, test power, effect size, and expected variability.
• Some parameters of sample calculations were more often reported in specific journals.
• RCTs published in orthodontic journals frequently do not adequately report the parameters used for sample calculations. 

ABSTRACT

Objective: The purpose of this study was to describe sample size calculations in randomized clinical trials (RCTs) published in 4 or-
thodontic journals.

Methods: This cross-sectional study evaluated 142 RCTs published between 2015 and 2019 in the 4 journals with the highest im-
pact factor in orthodontics according to the SCIMAGO 2018 ranking. In the study, 2 trained and experienced orthodontists assessed 
whether the RCTs evaluated reported their sample size calculations, and whether they adequately described the criteria for the calcu-
lations, including the level of significance, test power, precision or effect size (clinically relevant difference), and expected variability. 
The sample size calculation was considered adequately reported when the above 4 criteria were described.

Results: We identified 120 publications (84.5%) reporting the sample size calculation, but only 70 (58.3%) fully described the above 
parameters. Inadequate calculation included failure to report the confidence level (ranging from 0% to 12.9%), test power (ranging 
from 0% to 20%), effect size (ranging from 0% to 22.5%), and expected variability (ranging from 22.6% to 80%). According to the jour-
nal, some parameters of sample size calculation were more frequently reported.

Conclusions: RCTs published in the 4 leading orthodontic journals frequently do not report the parameters used for sample size 
calculations.
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INTRODUCTION

Randomized clinical trials (RCTs) in orthodontic scientific literature are useful for answering clinical research 
questions through quasi-scientific experimentation and facilitating therapeutic decision making.1-5 
Correctly executed RCTs likely provide the best evidence on the results of health interventions.1,6 Likewise, 
the ability to extrapolate the results of an RCT into different populations depends on the control of biases 
that may be present during trial.7,8 Furthermore, every orthodontic researcher who designs an RCT expects 
to be able to extrapolate their results to clinical practice.3,4 Therefore, in addition to randomization, one of 
the conditions that a study requires to be extrapolated is the use of adequate sample size to provide an 
adequately powered study.1,7,9-11
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The samples of RCTs should be representative of the study 
populations in which a clinically relevant effect is to be 
tested.6,10,12 The representativeness of a sample is achieved 
by an adequate sample size determination and by the type of 
sampling used, which ideally, should be probabilistic.13,14 The 
use of an appropriate sample size calculation is only the start-
ing point for controlling the external validity of a study,15-18  
since while the use of a specific sample might be reported, 
the wrong assumptions regarding the parameters used during 
the sample size calculation may have been made.12 Hence, it is 
important for the criteria used for the sample calculation to be 
clearly described in the materials and methods section of the 
articles to assess whether the calculations were properly esti-
mated.9,13,15,16 Moreover, sample size calculation in RCTs should 
have enough power to detect a clinically important difference, 
if present, or to confirm the lack of a difference between treat-
ment groups. The investigators should conduct appropriate 
sample size calculations based on clinical importance and rea-
sonable assumptions.19,20

When wrong parameters are introduced in the sample size cal-
culation, they are frequently not related to the confidence level 
or test power considerations.21,22 The problems in the case of a 
quantitative outcome variable begin with the decision of the 
expected effect size (precision), which is the minimum difference 
that is desired to be detected between the groups to be com-
pared, or from a clinical point of view, the minimally significant 
difference to decide that one treatment is better than another. 
The second source of problems could be the estimated variabil-
ity (standard deviation or variance).11 Concerning a qualitative 
outcome variable, possible errors may be more related to poor 
decisions of the estimated differences in the proportions of the 
groups compared.8,23

Evidence-based dentistry describes RCTs as study designs that 
are near the top of the evidence pyramid, and these trials are 
usually the primary source for supporting the conclusions of 
systematic reviews answering therapeutic questions. Therefore, 
a good description of their sample calculations should be made 
to allow for adequate external validity.5,6,15,16,18,24 Several studies 
have already evaluated sample size reporting in orthodontics 
and have highlighted that despite improvements, the quality 
of reporting sample size parameters remains suboptimal, and 
further studies are needed, especially in relation to RCTs.25-

28 Therefore, the purpose of this descriptive study was to 
determine the frequency of application and pertinence of 
sample size calculations of RCTs published from 2015 to 2019 in 
4 leading orthodontic journals according to the 2018 SCIMAGO 
ranking.

METHODS

This cross-sectional study evaluated 142 RCTs published in 
4 orthodontic specialty journals with a high-impact factor in 
orthodontics. The study was approved by the Ethics Committee 
of the Cientifica del Sur University (Lima-Perú) with protocol 
number 669-2019-POS8.

All the articles included were RCTs published from January 2015 
to December 2019, in the 4 journals with the highest impact 
factor in the field of orthodontics according to the SCIMAGO 2018 
journal ranking, https ://ww w.sci magoj r.com /jour nalra nk.ph 
p?are a=350 0&cat egory =3505  (accessed on April 25th, 2020). 
“Angle Orthodontist” (AO), “American Journal of Orthodontics 
and Dentofacial Orthopedics” (AJODO), “European Journal of 
Orthodontics” (EJO), and “Korean Journal of Orthodontics” (KJO).

The inclusion criteria were RCTs as defined by their authors in 
the title of their publications or in the methods section, and the 
inclusion of human samples. Animal trials, quasi-experiments, 
and observational and pilot studies (defined by the authors in 
the title) were excluded.

For the study, 2 orthodontists (MCA and LEAG) were trained in 
sample size calculation parameters and were calibrated during 
a pilot test including 30 RCT evaluations, obtaining Kappa 
intraobserver and interobserver agreements of 0.93 to 1 in both 
measurements for all the considered variables.

The evaluators then searched for articles that met the inclusion 
criteria in the selected journals. Once identified, we evaluated 
whether the authors performed a sample size calculation (to 
compare 2 means or to compare 2 proportions). This allowed 
verification of the articles that described sample calculations, 
and whether these defined the respective parameters including 
the confidence level (the measure of certainty regarding how 
exactly a sample reflects the population studied within a chosen 
confidence interval), test power (1-ß (type II errors)), effect size 
or precision (the difference desired to detect, referencing where 
these data were obtained) and the standard deviations or 
variances of the control groups (variability). Only the information 
reported in the publication was used. 

A study was considered adequate when all of the 4 above 
parameters were reported; otherwise, the description was 
deemed inadequate. All the articles were evaluated twice by the 
2 evaluators with an interval of 1 month between evaluations. 
In cases of discrepancies in the definition of any criterion, 
the consensus of the 2 evaluators defined whether or not the 
criterion was met.

Statistical Analyses
All the analyses were performed with the Statistical Package for 
Social Sciences (SPSS) Windows software, Version 24.0 (IBM SPSS 
Corp., Armonk, NY, USA). We described the reporting of sample 
size in all the journals, and then in each of the 4 journals evalu-
ated. Mainly we evaluated whether the description of the sample 
calculations met the parameters required for sample size calcu-
lations. We assessed the criteria fulfilled, the number of criteria 
fulfilled, the orthodontic journal, and the year of publication.

RESULTS

One hundred forty-two RCTs were identified in the 4 journals 
evaluated, 120 of which (84.5%) reported the sample calcula-
tion. Sample calculation was described in > 80% of the articles in 

https://www.scimagojr.com/journalrank.php?area=3500&category=3505
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the 4 journals. The criteria for sample calculation most frequently 
described in the 4 journals (> 90%) were the power of the test 
(97.5%) and the confidence level (91.7%) (Table 1).

When we evaluated the use of the 4 parameters for describ-
ing sample calculations in the 4 journals, only 70 (58.3%) stud-
ies described all the parameters, and 30 (25%) reported using 
at least 3 parameters. The 4 sample calculation parameters 
were most  frequently reported in the journals AJODO and EJO 
(Table 2).

When evaluating adequate description of the sample calcula-
tion, it was observed that 10 (8.3%) studies did not describe the 
confidence level, the test power was not specified in 3 (2.5%), 
the effect size was not specified in 19 (15.8%), and the expected 
variability was not described in 49 (40.8%) studies. 

The test power was described in 100% of the articles in AJODO 
and EJO, and in 95% of the articles in AO. Furthermore, a descrip-
tion of effect size was more frequent in AJODO (100%), EJO 
(77.5%), and AO (79.5%).

The expected variability was more frequently reported in the 
AJODO (77.4%) and in EJO articles (63.6%) (Table 1).

Full reporting of sample size calculations was observed with 2 of 
the 4 journals, AJODO (74.2%) and EJO (63.6%), and was similar 
regarding the year of publication (Table 3).

Additionally, only 9 (7.5%) studies used a previous pilot test 
to perform the sample calculation, while 38 (31.7%) did not 
describe how the precision/effect size of their calculation was 
determined. Finally, among the articles performing sample 
size calculation, 96 (80%) exceeded the minimum sample size 
required, mainly in 3 of the journals evaluated (AJODO, EJO, KJO) 
(Table 4).

Table 1. Evaluation of the parameters reported for sample size calculation

Parameter

AO = 49 AJODO = 35 EJO = 52 KJO = 6 Total = 142

Yes No Yes No Yes No Yes No Yes No

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Description of a 
sample 
calculation

40 (81.6) 9 (18.4) 31 (88.6) 4 (11.4) 44 (84.6) 8 (15.4) 5 (83.3) 1 (16.7) 120 (84.5) 22 (15.5)

Description of 
specific reports

AO = 40 AJODO = 31 EJO = 44 KJO = 5 Total = 120

Yes No Yes No Yes No Yes No Yes No

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Confidence level 
(%)

37 (92.5) 3 (7.5) 27(87.1) 4 (12.9) 41 (93.2) 3 (6.8) 5 (100.0) 0 (0.0) 110 (91.7) 10 (8.3)

Test Power 38 (95.0) 2 (5.0) 31 (100.0) 0 (0.0) 44 (100.0) 0 (0.0) 4 (80.0) 1 (20.0) 117 (97.5) 3 (2.5)

Effect size 31 (77.5) 9 (22.5) 31 (100.0) 0 (0.0) 35 (79.5) 9 (20.5) 4 (80.0) 1 (20.0) 101 (84.2) 19 (15.8)

Variability 18 (45.0) 22 (55.0) 24 (77.4) 7 (22.6) 28 (63.6) 16 (36.4) 1 (20.0) 4 (80.0) 71 (59.2) 49 (40.8)

AO, Angle Orthodontist; AJODO, American Journal of Orthodontics and Dentofacial Orthopedics; EJO, European Journal of Orthodontics; KJO, Korean Journal of 
Orthodontics.

Table 2. Number of parameters reported during sample size 
calculation in the journals evaluated

Number of 
Parameters 
Reported

AO AJODO EJO KJO

Total = 
122 

(100%)

n (%) n (%) n (%) n (%) n (%)

4 17 (42.5) 23 (74.2) 29 (65.9) 1 (20.0) 70 (58.3)

3 13 (32.5) 8 (25.8) 6 (13.6) 3 (60.0) 30 (25.0)

2 9 (22.5) 0 (0.0) 9 (20.5) 1 (20.0) 19 (15.8)

1 1 (2.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.8)

AO, Angle Orthodontist; AJODO, American Journal of Orthodontics and Dento-
facial Orthopedics; EJO, European Journal of Orthodontics; KJO, Korean Journal 
of Orthodontics.

Table 3. Efficiency of sample calculation reporting (reported 
4 parameters) according to the type of journal and the year of 
publication

Journal
Efficient 

Reporting, n (%)
Without Efficient 
Reporting, n (%)

Total, n 
(%)

AO 17 (42.5) 23 (57.5) 40 (100)

AJODO 23 (74.2) 8 (25.8) 31 (100)

EJO 29 (65.9) 15 (34.1) 44 (100)

KJO 1 (20.0) 4 (80.0) 5 (100)

All Journals 70 (58.3) 50 (41.7) 120 (100)

Year of publication

 2015 14 (77.8) 4 (22.2) 18 (100)

 2016 14 (58.3) 10 (41.7) 24 (100)

 2017 10 (62.5) 6 (37.5) 16 (100)

 2018 14 (50.0) 14 (50.0) 28 (100)

 2019 17 (50.0) 17 (50.0) 34 (100)

AO, Angle Orthodontist; AJODO, American Journal of Orthodontics and Dento-
facial Orthopedics; EJO, European Journal of Orthodontics; KJO, Korean Journal 
of Orthodontics.
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DISCUSSION

A description of the calculation of sample size is necessary in 
scientific studies in order to determine that a representative 
number of individuals from a related potential population is 
included in the study.6,10,12 Ideally, studies should evaluate the 
entire study population, but due to financial reasons and time 
limits, this rarely happens. A large number of investigations use 
unrepresentative samples and mistakenly seek to extrapolate 
their results to their study population.25 To achieve external 
validity of the results, the study must have sample representa-
tiveness that is first related to the calculation of the sample size; 
and, second, to the type of sampling that should be a probabi-
listic, ensuring that all individuals in a study population have 
the same probability of being chosen for the study.6,10-14 Thus, 
errors in the calculation of sample size may be widespread due 
to a lack of knowledge of the methodological importance of 
this calculation, which consequently affects the representative-
ness of the samples and thereby decreases the real value of the 
study.12,17 In the studies in which a sample size calculation was 
provided, it was noted that the determination of effect size (the 
clinically relevant difference between groups) or variability (the 
amount of data dispersion in the groups) raised the greatest dif-
ficulties. These 2 parameters are the main criteria for calculating 
sample size, since the selection of inaccurate precision or vari-
ability in sample calculation will likely increase or decrease the 
P value, precluding the identification of significant differences 
between the groups compared or even oversizing the study 
groups.

Currently, RCTs are considered the best study design to address 
therapeutic clinical questions. It is important to note that for 
the present study, in addition to RCT being included in the 
title or the methods section of the studies evaluated, we con-
firmed compliance to this condition in the papers analyzed to 
avoid any type of bias. It is important for RCTs to comply with 
reporting representative samples.29,30 We therefore determined 
the frequency of application and the pertinence of sample size 
calculation in RCTs published from 2015 to 2019 in the 4 jour-
nals with the highest orthodontic impact factor according to the 
SCIMAGO 2018 ranking.

Few studies in other areas of dentistry have evaluated whether 
sample size calculations of RCTs were adequately developed.29-32 
A review of 42 RCTs in prosthodontics published between 2008 
and 2017 in the leading prosthodontic journals concluded that 
50% of the publications did not adequately describe the calcu-
lation of their sample sizes.31 Likewise, in endodontics, a review 
of 50 RCTs published in the 2 high-impact journals in this field 
from 2000 to 2001 and 2009 to 2010 concluded that 60% of the 
studies did not indicate how the sample sizes were determined. 
Although detailed reporting significantly improved between 
2000 and 2010,29 these results were still not encouraging. To 
the best of our knowledge, only a few related studies were con-
ducted in orthodontics in 2011,26 2014,27 and more recently in 
2019,28 but did not consider only RCTs. This first study26 evalu-
ated the frequency of reporting sample size calculation in stud-
ies published in journals in Brazil and the United States. The 
authors suggested that the researchers and the editorial com-
mittee of these journals should be more concerned about errors 
related to the use of an inappropriate sample size. The second 
study27 concluded that although sample size calculations are 
often reported in trials published as RCTs in orthodontic spe-
cialty journals, reporting is usually suboptimal and in need of 
significant improvement. Nonetheless, this trend has yet to be 
addressed, with more than 40% of RCTs presenting deficiencies 
in the reporting of sample size calculation.

Our study evaluated 142 RCTs published from 2015 to 2019 in 
the 4 major orthodontic journals according to the SCIMAGO 
2018 ranking, which is highly recognized in the academic field. 
We found that although 84.5% of these publications reported 
the use of sample size calculations, only 58.3% of the publica-
tions complied with the description of the 4 criteria for sample 
size calculation: confidence level, test power, effect size or preci-
sion, and variability of the results. It is important to note that the 
confidence level used in all the RCTs evaluated was 95%, with 
most reporting a test power of 80% or 90%. It is clear that a varia-
tion in these values may increase or decrease the sample size, 
and consequently, the possibility of obtaining a representative 
sample. Moreover, it is necessary for this information to be ade-
quately described for good understanding of sample size calcu-
lation, analysis of external validity, and finally to guide new RCTs.

Table 4. Description of other specific parameters reported during sample size calculation

Other Specific Parameters Evaluated

AO AJODO EJO KJO Total = 122 (100%)

n (%) n (%) n (%) n (%) n (%)

Details of obtaining the effect size

 Not precise 19 (47.5) 4 (12.9) 14 (31.8) 1(20.0) 38 (31.7)

 Previous pilot test 2 (5.0) 4 (12.9) 3 (6.8) 0 (0.0) 9 (7.5)

 Obtained from literature 19 (47.5) 23 (74.2) 27 (61.4) 4 (80.0) 73 (60.8)

Exceeded the minimum sample size 
calculated

 Yes 26 (65.0) 26 (83.9) 39 (86.9) 5 (100.0) 96 (80.0)

 No 14 (35.0) 5 (16.1) 5 (11.4) 0 (0.0) 24 (20.0)

AO, Angle Orthodontist; AJODO, American Journal of Orthodontics and Dentofacial Orthopedics; EJO, European Journal of Orthodontics; KJO, Korean Journal of 
Orthodontics.
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In a previous study comparing the percentages of reporting 
sample calculations (2005 and 2008), only 3% of the studies 
in Brazilian journals and 21% in American journals described 
this calculation.26 According to our findings, these results have 
considerably increased (84.5%). This information indicates that 
despite the increase in the description of sample size calcula-
tions between 2008 and 2019 in the orthodontic journals evalu-
ated, sample size calculations are still under-reported. It should 
also be noted that the descriptions assessed were not the same 
in all the journals.

As mentioned above, the actual external validity was question-
able in almost all of the published RCTs. Even in the case of split-
mouth designs, accurate description of the parameters used for 
sample size calculation should be included and described in the 
method section of scientific articles, but this does not always 
occur. Furthermore, it is important to specify that the sample cal-
culation achieves a minimum required sample size, considering 
that a larger number should be included in order to obtain an 
adequate final power for the study due to possible sample loss 
to follow-up. All of these aspects should be taken into account 
by all orthodontic journal editors in order to ensure and increase 
the external validity of the RCTs published.29,32,33,34

The main purpose of this study was not to compare the criteria 
of different orthodontic journals for calculating the sample size 
of RCTs but rather to describe how many clinical trials meet the 
requirements of good sample calculation according to the most 
representative parameters reported in the scientific literature. 
This is important in order to promote the practice of better sam-
ple calculations in RCTs, regardless of the type of journal.

We found that only a little more than half (58.3%) of the stud-
ies in the 4 journals evaluated complied with the 4 parameters 
for sample size calculation, with 25% fulfilling 3 parameters. Full 
reporting of sample size calculations was performed in AJODO 
(74.2%) and EJO (63.6%), but it was not related to the year of 
publication.

It should be noted that of the 142 RCTs selected, all included 
a quantitative outcome variable, and therefore, only specific 
sample size characteristics to compare 2 means were evaluated. 
It was observed that a low percentage of publications did not 
report the confidence level, although it is the most straightfor-
ward criterion to report. On the other hand, while not reported 
in all the publications, the power of the sample size power was 
described in 100% of the articles in AJODO and EJO, and in 95% 
of the articles in AO. Likewise, the confidence level was the sec-
ond most frequently described criterion (> 91%) in all orthodon-
tic journals.

Moreover, the effect size (clinically relevant difference) was not 
reported in 15.8% of the included RCTs. It is essential to specify 
and quantify the effect size for reviewers and readers to know 
whether the reported difference is clinically relevant and how the 
effect size was calculated.25 In the RCTs published in AJODO, EJO, 
and AO, the effect sizes were 100%, 77.5% and 79.5%, respectively. 
While many studies reported effect size values that were thereafter 

not considered when discussing their study results, these values 
should have been used as the clinical relevance threshold. In addi-
tion, these results are sometimes not related to an actual clinically 
relevant difference but are presented in the article as if they really 
were. Future studies should take into account the effect size in 
terms of small, medium, or large clinical impact. Likewise, almost 
half of the publications did not describe the expected variability 
for their sample calculations (40.8%), and therefore, the amount of 
data dispersion these publications expected remained unknown. 
In this regard, this criterion was best described in RCTs published 
in AJODO and EJO (77.4% and 63.6%, respectively) compared to 
the studies in the other 2 journals.

In the evaluation of precision in sample size calculation, 60.8% 
of the studies obtained this parameter from the scientific lit-
erature, while only 7.5% obtained the study precision from a 
previous pilot test, and 31.7% did not report sample precision, 
despite it being an important parameter to consider in sample 
calculations. 

On the other hand, it is important to note that the majority of 
the publications evaluated (80%) exceeded the minimum sam-
ple size required by their sample calculations, mainly in 3 of the 
journals assessed (AJODO, EJO, KJO), being an excellent method-
ological finding that should be noted. 

In summary, despite the large number of RCTs published in the 
field of orthodontics reporting the use of sample size calcula-
tion, there are still deficiencies in describing the method of 
sample size determination, leading to uncertainty regarding the 
external validity of the results. Effective, in-depth descriptions 
of sample size calculations should be provided in future publi-
cations to improve the extrapolation of the results reported to 
clinical scenarios.

One limitation of this study was that it only analyzed a spe-
cific aspect of the development of an RCT, and it is clear that 
the methodological quality of RCTs also involves many other 
aspects. We focused on sample calculation since it is associated 
with the representativeness of a sample and the possibility of 
achieving greater external validity. Additionally, other impor-
tant aspects can influence the calculation of sample size. These 
include, among others, the necessary information to fulfill the 
sample size formulas, whether derived from a pilot study or not, 
the statistical analysis to obtain the data to be introduced in 
the formulas, and the number of study groups, especially when 
there are more than 2 groups and a specific group is required. 
However, we only analyzed the main factors involved in sample 
calculation based on the main reports of the scientific literature. 
Nevertheless, more studies considering these different points of 
analysis are needed.

CONCLUSION

Adequate description of sample size calculation in RCTs pub-
lished in 4 leading orthodontic journals is largely deficient, 
and that should be taken into account in future publications to 
improve the quality of orthodontic RCTs.
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