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Abstract

Randomized Controlled Trials (RCTs), acknowledged as a source of evidence regarding the feasi-
bility of an initiative, are considered secondary level evidence for decisions in practice. However, 
they are also recognized as a fundamental source for systematic reviews and meta-analyses, 
which constitute primary-level evidence. Conducting an RCT requires a comprehensive under-
standing of study design, necessitating researchers to be well-versed in concepts such as PICO 
question, randomization, statistical tests, sample size calculation, bias, and protocol entries. 
Considering and adhering to the fundamental concepts of design, coupled with meticulous 
reporting, can facilitate the demonstration of the actual effects of interventions and the pre-
sentation of results with significant evidential value. Despite the ongoing evolution of RCTs over 
time, systematic deficiencies persist. This review addresses the methodology of RCTs.
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INTRODUCTION

In 1999, the American Dental Association developed the definition of evidence-based 
dentistry which remains valid today. Evidence-based dentistry is an approach to oral 
health care that requires the judicious integration of systematic assessments of clini-
cally relevant scientific evidence, relating to the patient’s oral and medical condition 
and history, with the dentist’s clinical expertise and the patient’s treatment needs and 
preferences.1

Randomized controlled trials, which serve as a source of evidence-based information 
regarding the feasibility of an intervention, are considered a secondary level of evidence 
for decision-making in clinical practice. Archie Cochrane, who played a crucial role in 
laying the foundation for modern evidence-based medical research, was a strong advo-
cate of RCTs. While he critically emphasized the lack of reliable evidence supporting 
healthcare interventions, he dedicated a significant part of his career to promoting and 
advancing the use of RCTs.2

In a bibliometric study evaluating randomized controlled trials (RCTs) conducted in 
children and adolescents, it was determined that RCTs have been carried out in vari-
ous disciplines, including caries management, orthodontics, endodontics, behavioral 
sciences and quality of life, oral hygiene, periodontology, and oral and maxillofacial 
surgery. However, the researchers argued that RCTs conducted on pediatric patient 
groups generally provide insufficient evidence.3 A comprehensive understanding of 
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study design is critical to conducting a randomized controlled 
trial effectively. Researchers should be well-versed in the 
PICO question, randomization, statistical tests, sample size 
calculation, bias, and protocol entries.4 The aim of this review 
is to explain the methodology of RCTs in dentistry and the 
potential misapplication in the studies.

PLANNING A RANDOMIZED CONTROLLED 
TRIAL AND CREATING A STUDY PROTOCOL
The initial stage in planning an RCT involves drafting a proto-
col for conducting the study. Sufficient expertise and financial 
support are necessary to fulfill the protocol steps. Three cru-
cial points in defining the experimental study are the experi-
mental/intervention group or unit, the intervention to be 
applied, and the evaluation of the intervention.5

PICO QUESTION
The ability to define the headings used in experimental stud-
ies is achievable through the formulation of the PICO ques-
tion. The precision of the research question will facilitate the 
study design. The elucidation of PICO breaks down a research 
question into 4 fundamental components: the patients/
population to whom the intervention will be applied, the 
intervention/treatment, the control or comparison, and the 
outcome measure.4

P: The initial stage of a well-planned study is identifying the 
group where the intervention will be applied and defining 
their issues.6,7

I: The second stage involves determining the intervention. In 
RCTs, the answer to this question may include any treatment, 
the use of a product, or a test.4,6

C: The control/comparison in the third stage refers to the 
intervention that will be compared to the intervention.4 
Comparison in the control group can take various forms. 
Study designs may include placebo, no treatment (though 
this would be unethical if a valid and standard treatment 
exists for the condition), administering a different dose of 
the drug (dose-response studies), or applying a known valid 
active and standard treatment.8,9 If the condition to be inter-
vened is symmetrical in the mouth, a split-mouth design can 
be used to create an individual control group.10

O: The fourth step involves determining the outcome mea-
sures. During this stage, differences between groups are 
statistically tested, and the intervention is evaluated.1 The 
primary outcome measure is the targeted information, while 
secondary outcome measures, while not individually sig-
nificant, contribute to a comprehensive interpretation when 
evaluated together.11,12

SAMPLE SIZE AND INCLUSION/EXCLUSION 
CRITERIA

Sample size determination is the process of identifying the 
required number of subjects during the planning phase 

to demonstrate the statistical power necessary to detect 
a significant difference between experimental groups. In 
RCTs, determining an appropriate sample size is crucial for 
the statistical design of the study. Working with an ade-
quate sample size provides confidence in the reliability of 
the obtained outcomes. Oversizing the sample may result 
in statistical significance while undersizing may lead to a 
lack of observed variation and inconclusive results. An opti-
mum and minimally effective sample size should be chosen. 
Working with excessively large samples raises ethical con-
cerns due to the increased intervention of a larger number 
of individuals.13

The sample size can be calculated using various statisti-
cal methods, where calculating it through power analysis is 
considered the gold standard. The magnitude of the sample 
size relies on 4 primary factors: the type 1 error rate (α), 
the type 2 error rate (ß), effect size, and outcome mea-
sures. Type 1 and type 2 errors are not independent but are 
interconnected, necessitating a balanced consideration. In 
clinical trials within the health sciences, the type 1 error 
(P-value) is commonly set at 0.05.13 Additionally, aiming 
for the study’s power to be generally within the range of 
80%-90% is preferred, not falling below 80%. Effect size 
is defined as the difference between the parameters of 2 
distributions and is calculated using data obtained from prior 
literature or a pilot study planned and conducted before the 
main study.14,15

The next step involves establishing appropriate criteria for 
the inclusion or exclusion of individuals in the study. Primarily 
aimed at ensuring patient safety, these criteria also impact 
various aspects of the study and the interpretability of its 
outcomes. Stringent inclusion criteria can pose challenges 
in achieving the required sample size. Additionally, they may 
result in selecting a study group that does not adequately 
represent a broad target population, limiting the generaliz-
ability of the findings. In such cases, it is recommended to set 
exclusion criteria with strict boundaries to balance external 
validity.16,17

EFFICIENCY AND EFFECTIVENESS

There are concepts that need to be taken into account when 
planning an experimental study. It is necessary to decide on 
the measurement of efficacy or effectiveness in the study.18 
The study can be planned as a superiority trial, an equal-
ity trial, or a non-inferiority trial according to its conceptual 
structure.19 The objectives and methodology of these trials 
differ, leading to variations in the interpretation of statisti-
cal results or in the analytical process. The most appropriate 
approach should be selected in the study design, with options 
including parallel, cluster, and crossover study designs. Bias 
risks and their management, evaluation of the outcome 
measure, determination of the sample group, and statistical 
planning should be done in advance.18
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DEVELOPING THE STUDY PROTOCOL
Researchers should utilize the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT), developed 
by an international team to establish the standards essential 
in a clinical study protocol. The 33-item SPIRIT checklist can 
be applied to all clinical trial protocols, focusing more on the 
content than the format of RCTs. It provides guidance for key 
content, enhancing the transparency and integrity of the 
protocol, without including design and execution specifics.20 
Additionally, the SPIRIT 2013 Statement reflects applicable 
elements of the Consolidated Standards of Reporting Trials 
(CONSORT), facilitating the transition from the protocol to 
the final report based on CONSORT, thanks to a consistent 
structure used for common expressions in both checklists.21

FUNDAMENTAL CONCEPTS FOR RANDOMIZED 
CONTROLLED TRIALS
Bias
Bias is the absence of impartiality or presence of prejudice. 
It can be defined as a departure from the truth. In scientific 
contexts, it refers to any factor or process that systemati-
cally tends to steer the results or conclusions of a trial away 
from the truth. In clinical trials, errors can be observed as 
systematic - bias or variability. Variability can be defined as a 
random error. With the disruption of homogeneity, variation 
increases, expanding the CI. Bias can occur in various stages 
such as the design, implementation, analysis, or reporting of 
the trial, and can exist at different levels. It has been reported 
that there could be more than 35 types of bias.22 It is expected 
that significant biases, which would considerably impact the 
study’s outcomes, are particularly controlled throughout the 
study.22,23 The underreporting of negative results, the selec-
tivity of journal editors, and biases during the reporting phase 
are generally referred to as publication bias and dissemination 
bias, which are crucial in RCTs and systematic reviews/meta-
analyses derived from them.24

In recent years, it has been recommended that RCTs are 
preferably registered on openly accessible websites specifi-
cally designed for this purpose, either during the planning 
phase or upon completion of the report, obtaining a registra-
tion number to be shared in publications.25 This practice helps 
reduce publication bias, facilitates systematic reviews and 
literature examinations, informs potential participants and 
clinical practitioners, and enables the standardized presenta-
tion of study outputs in an accessible format to everyone.26 
The World Health Organization has declared that registering 
all clinical trials on the International Clinical Trials Registry 
Platform is a scientific and ethical responsibility and a neces-
sity.25 Obtaining a registration number is also included in the 
CONSORT 2010 items.21,27

CONSORT 2010 comprises a 25-item checklist and a flow 
diagram, providing guidance for all RCTs, although cer-
tain study designs may require additional information. 

Researchers can access supplementary lists on the CONSORT 
website for these designs. Adherence to the checklist items 
by authors ensures clarity, integrity, and transparency during 
the reporting process. Ortiz et al28 identified deficiencies in 
RCTs published on dental caries concerning compliance with 
the CONSORT guidelines and recommended addressing this 
issue. A positive relationship has been demonstrated between 
the year of publication and compliance with CONSORT.29

Causality
The primary aim of research is to measure the relation-
ship between an intervention/treatment and an outcome/
result. One of the most critical requirements in evaluating 
outcomes is that all characteristics, apart from the interven-
tion, of the groups should be similar in terms of confound-
ers. Confounders are defined as variables that lie outside the 
investigated intervention but could influence the outcome. 
Variables like age, gender, race, dietary habits should be con-
sidered during the planning phase and distributed equally 
between both groups.22

The solution to this issue is ideal randomization. However, 
criticisms may arise regarding the selected method of ran-
domization or the imbalance in group sizes. Selecting the 
most suitable method (simple randomization, stratified ran-
domization, block randomization) according to the study will 
ensure this. It is crucial to statistically demonstrate that ran-
domization has been achieved after forming the groups.30

The second requirement for causality is to clearly demon-
strate that the changes occurring over time in the groups are 
due to the intervention. To fulfill this requirement, blinding 
techniques (single-blind, double-blind, triple-blind) may be 
employed, and depending on the suitability of the research 
topic, cluster or crossover designs can be considered. The 
importance of the scope of statistical evaluations in dem-
onstrating causality should not be overlooked. Providing 
clear information about effect size, a 95% CI, and P-value is 
reported to be significant. Preventing biases is another factor 
ensuring the unaffectedness of causality.31

External Validity
External validity is defined as the ability to generalize find-
ings obtained from a specific setting and a limited number 
of individuals to a larger population in real-life situations. 
Deviation from real-life conditions within the experimental 
setting makes generalization challenging. Within evidence-
based medicine, there’s a tendency to incline toward studies 
with high internal validity in evaluating the quality of stud-
ies to be included in clinical guidelines. This inclination raises 
concerns about the potential inadequacy of translating suc-
cessful outcomes into practical applications.32 It has been 
reported that it is challenging to achieve external validity in 
systematic analyses that evaluate RCTs, highlighting insuf-
ficient external validity and difficulties in applying findings to 
the population.33 To enhance the external validity of RCTs, 



Bahçeci et al.
Randomized Controlled Trials Essent Dent 2025; 4: 1-7

4

reducing exclusion criteria is recommended. While single-
center RCTs reduce external validity, multicenter RCTs have 
shown higher bias detection.34

Internal Validity
The level to which the results of an RCT reflect reality is 
directly associated with how far it can remain free from 
potential biases. The reliability of results in RCTs, their accu-
racy, and the assessment of reliable methods are termed 
internal validity.35 At the same time, there needs to be a 
balance between internal and external validity. The gener-
alizability of results in RCTs is achievable through external 
validity while ensuring that internal validity is not compro-
mised in this process.36

Although there are several tools assessing the quality of RCTs, 
quality assessment tools primarily focus on internal validity.37 
If there is a bias in the methodological aspect of the study, 
the observed effect may not reflect the truth. Cochrane 
Collaboration’s tool for assessing risk of bias, which evaluates 
the bias risk of the study in terms of internal and external 
validity dimensions, is widely accepted and recommended. 
This tool categorizes biases into 6 domains and signifies vari-
ous methods developed to avoid each bias: Selection bias, 
performance bias, detection bias, attrition bias, reporting 
bias, and other biases.38

Selection Bias and Randomization
Selection bias that may arise during the determination of 
intervention and control groups implies a difference in the 
fundamental characteristics of the groups being compared. 
During the group formation process, individuals believed to 
potentially respond more effectively or unfavorably to the 
intervention due to biases, either knowingly or unknow-
ingly, might be deliberately or inadvertently separated. 
Randomization is recognized as the most effective method 
to control selection bias.38

Random Selection: It involves giving an equal chance to indi-
viduals chosen from a specific population.

Random Allocation: Individuals in a designated sample 
should have an equal chance of being allocated to interven-
tion and control/comparison groups. One of the 2 crucial 
steps for effective randomization is random allocation, and 
the other is allocation concealment, which involves conceal-
ing the assignment process from the researchers involved in 
the study.22,38

Randomization is considered the cornerstone of RCTs, and the 
absence of randomization significantly impacts the quality 
of a study. Outputs obtained from non-randomized studies 
are considered weaker evidence compared to those obtained 
from RCTs.39 Methods such as simple randomization, strati-
fied randomization, and block randomization are preferred for 
RCTs. It is recommended to select the most suitable method 

for the study and have individuals outside of the research 
team manage this process. Methods such as birthdate, order 
of application, or registration number are deemed inappropri-
ate for selection. Using sealed opaque envelopes for conceal-
ing allocation is recommended.9,39

Performance Bias – Detection Bias and Blinding
One of the biases that can arise during the execution of a 
study and the process of measurements is known as perfor-
mance bias. If those executing the intervention influence the 
study outcome, it is termed as the Rosenthal effect; when 
individuals in the groups knowingly or unknowingly affect the 
study’s outcome, it is referred to as the Hawthorne effect.40

Detection bias, on the other hand, involves an effect similar to 
performance bias, where the individual measuring the out-
come anticipates an effect from the group being measured, 
resulting in biased evaluation.38 Performance and detection 
bias can also be collectively termed ascertainment bias.

Blinding or masking stands out as an effective method of 
preventing these biases. Blinding in RCTs refers to 1 or more 
individuals involved in the study groups not being aware of 
whether they are receiving the intervention or the control/
comparison.35,38,39 Maximizing blinding for as many indi-
viduals as possible in studies is recommended. During the 
reporting of the study, details about blinding and reasons for 
situations where blinding was not feasible should be provided. 
Studies where only those administering the intervention/
measurement or participants are blinded are termed single-
blind; those where both administrators/measurements and 
participants are blinded are double-blind, and studies where 
administrators, participants, and those conducting statistical 
analyses are blinded are termed triple/quadruple-blind stud-
ies. Studies without any blinding are referred to as open-label 
studies. While double-blind studies have been perceived as 
high quality by many researchers and readers when evalu-
ating RCTs, those not designed in this manner should not 
necessarily be deemed lower quality; examining reported 
blinding processes is crucial.31,35,41,42

Attrition Bias and Resolution Approaches
Throughout a study, certain participants may leave for 
various reasons, resulting in data loss termed as dropout.43 
Schulz and Grimes44 recommended that a loss to follow-up 
of 5% or less is unlikely to introduce bias; a loss of 20% gives 
concern about the possibility of bias; a loss of between 5% 
and 20% might be a source of bias. However, when dropout 
rates exceed this percentage, attrition bias occurs, disrupting 
the balance established by randomization. The fundamental 
method for prevention is known as Intention-to-Treat (ITT). 
Intention-to-Treat analysis entails including every partici-
pant in the analysis of the group to which they were assigned 
post-randomization, regardless of any separations occur-
ring after randomization, without considering any reasons. 
Its basic principle is known as “randomized so analyzed.”38,45 
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Among the significant reasons for considering individuals 
who did not receive or complete the intervention in assess-
ing the outcomes are the fact that there will always be mis-
matched individuals in real life and dropout might be due to 
adverse effects or lack of perceived benefits from the inter-
vention itself. While developing methods to minimize losses 
during study planning is the primary measure, in long-term 
studies, these losses are sometimes unavoidable. Alternative 
methods for ITT analysis include modified ITT and per-proto-
col analyses.46

The pattern and balance of missing data are crucial. Having 
more dropouts in 1 group is termed uneven attrition and might 
suggest participant dissatisfaction with the intervention.

All data must be complete for the inclusion of all partici-
pants in the analysis. Statistical methods should be employed 
to address missing data. Some of these methods include 
Longitudinal Mix Model, Cox Regression, Last Observation 
Carried Forward, Extreme Case Analysis, Sensitivity Analysis, 
and Multiple Imputation. Although different statistical strat-
egies are said not to significantly differ in effect estimation, 
it has been reported that various existing methods for man-
aging missing data may yield different outcomes in effect 
estimation. Accurate identification of shortcomings is crucial 
in determining the most suitable method. Researchers are 
expected to clearly state the losses, their reasons, and the 
statistical methods used in handling missing or incomplete 
data.47

Reporting Bias and Blinding of the Report Writer
Reporting bias during the writing of the research report is 
the tendency of the report writer to present the outcomes 
and interpretations in line with the hypothesis. Selective 
outcome reporting (SOR) occurs when researchers selec-
tively report findings, presenting only chosen outcomes and 
analyses, leading to reporting bias. Reporting bias can also 
stem from the selection of analyses for reporting, resulting 
in analysis reporting bias.48 The quality of reporting has been 
regarded as equivalent to the quality of the study, highlight-
ing the significant threat posed by high SOR prevalence.49 
Göstemeyer et  al50 suggested the mandatory prospective 
registration in dental journals, proposing that this approach 
could reduce publication bias and SOR risk while enhancing 
the design and quality of RCTs. To prevent reporting bias, it is 
essential for the report writer to remain blinded to the groups 
until the completion of the report, the protocol should be 
preregistered, and transparency should be ensured through-
out the process.37

RANDOMIZED CONTROLLED TRIALS IN 
DENTISTRY

Randomized controlled trials are considered the most reli-
able clinical study design for evaluating the effectiveness of 
an intervention in evidence-based dentistry. Mendes et al11 

have stated that RCTs represent the most appropriate meth-
odology for prospective clinical studies. They emphasized 
that RCTs provide the strongest evidence for assessing and 
comparing the effects of treatments and preventive health 
procedures. However, they also noted that the results of 
RCTs may still vary, as they are conducted within a specific 
population. To address this limitation, ensuring transparency 
in the study and adhering to methodological considerations 
in study design are essential. Furthermore, they highlighted 
the necessity of conducting RCTs in dentistry, emphasizing 
their contribution to the implementation of evidence-based 
treatments.

The quality of RCTs’ design and reporting is critical in terms 
of evidential value; therefore, it is necessary to examine 
and improve their quality. Systematic reviews assessing the 
quality of RCTs conducted in dentistry, based on CONSORT 
standards, have indicated that the quality of studies has 
improved over the years.29 However, many studies still 
have significant incomplete data. Poor reporting has been 
equated with poor study quality, as it can lead to unreli-
able and misleading results. It is not possible to differentiate 
whether a study is methodologically sound if it is insuffi-
ciently reported.49 It has been suggested that studies with 
weak quality and internal validity do not contribute any 
meaningful outcomes to evidence-based dentistry and 
that these studies represent a waste of existing resources.34 
Improving quality should be a common goal for authors, 
reviewers, and journal guidelines, and collaborative efforts 
in this direction are recommended.

CONCLUSION

Randomized controlled trials are considered second-level 
evidence regarding the clinical implementation of a treat-
ment or intervention and serve as a primary source for stud-
ies identified as first-level evidence. To ensure reliable results, 
careful attention must be given to the planning, design, 
conduct, data analysis, and reporting of RCTs. At the outset 
of the study, establishing the research protocol and main-
taining records at every stage of the study are fundamental 
for RCTs. Understanding and controlling various biases, and 
ensuring internal and external validity are essential. Using 
appropriate statistical techniques, implementing randomiza-
tion, and detailing every aspect, whether executed or not, in 
the research report are highly crucial. Consequently, when 
approached in this manner, RCTs provide results of evidential 
value. Despite the evolution of RCTs over time, there are still 
systematic deficiencies, therefore, researchers should have a 
good understanding of RCT methodology.
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