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Foreword

Evidence-based medicine represents a considerable epistemic change in clin-
ical reasoning that can rightly be considered a Kuhnian paradigm shift. This
change is in large part the result of the culmination of progress made over the
last century in clinical research methodology designed to inform clinicians of
“what works” in patient care. For centuries, medical care relied on traditional
practices passed down through expert opinion often mired in pseudoscientific
beliefs about the causes and cures of disease. When improvements in clinical
practice did occur, it was often the result of simple (i.e., non-experimental)
trial and error, a process that was often valid only when effect sizes were
dramatic (e.g., antibiotics for pneumonia). If the therapeutic benefit was
small or occurred after a long latency, its value in treating a disease could
easily be missed. Thus, trial and error approaches to finding and testing new
therapies suffered from both false negatives and, in the absence of the use of
placebo or control groups, false positives. As scientific thinking matured,
tradition-based medicine began to be replaced by new approaches to treat-
ment informed by case reports or mechanistic reasoning derived from prin-
ciples from the basic pathophysiological sciences. These too were fraught
with errors that led, often for decades, to the use of ineffective or in some
cases harmful treatments.

By the early twentieth century, important advances in scientific methodol-
ogy began to emerge through the efforts of such luminaries as R.A. Fisher
and Sir Austin Bradford Hill, among others. Fisher championed inductive
approaches, meaning that therapeutic efficacy needed to be determined
through the application of probabilistic reasoning based on strong quantita-
tive methods. Hill, along with Fisher, understood the need for controlling the
potential for bias inherent in observational research studies. The remedies
that they helped to develop included experimental research designs that
emphasized such features as random assignment, allocation concealment,
and the use of a placebo. In so doing, they laid the foundation for what is now
a fundamental tool of clinical research, the randomized controlled trial
(RCT). By the end of the twentieth century, RCTs were accepted as a mini-
mally biased research design given their superiority in identifying effective
therapies coupled with advances in information technology allowing for bed-
side access to relevant clinical literature. This provided the impetus that led to
what is now known as evidence-based medicine (EBM). As significant as
RCTs have become to clinical practice, it is important to note that it would be
a misrepresentation of EBM principles to abandon the role of clinical exper-
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tise and mechanistic reasoning, as these too play an important role in ensur-
ing high-quality patient care.

The exponential growth of RCTs reported in the medical literature over
the prior 50 years was at once validating their importance for informing clini-
cal practice while also leading to concern that the sheer volume of published
studies would overwhelm busy clinicians’ efforts to remain current. The
EBM response to this deluge of information was the development of the sys-
tematic review, a process that relied heavily (but not exclusively) on RCTs to
answer well-focused clinical questions. Thus clinicians, through accessing
only one publication, could quickly understand the current evidence on a spe-
cific clinical topic. Moreover, as clinical expertise from seasoned clinicians
and patient values and preferences were still valued as vital in understanding
how, when, and for whom evidence from clinical research should best be
applied, the clinical practice guideline (CPG) emerged as a logical outgrowth
from the knowledge created from systematic reviews.

Given the foundational importance of RCTs for informing clinical prac-
tice, especially through their role in SRs and CPGs, a conscientious clinician
would be well served by a thorough grounding in RCT methodology. This
textbook provides such a comprehensive guide crafted to empower dental
professionals with the essential knowledge and skills required to engage in
and critically appraise clinical trials. Its pages provide a journey through the
intricacies of research methodology, ethical considerations, and the practical
nuances of conducting and interpreting clinical trials specific to dentistry.

Through these chapters, the reader will understand the transformative
impact clinical trials can have on the landscape of oral healthcare. The EBM
paradigm acknowledges that dentistry has been deeply rooted in empirical
knowledge passed down through generations and this experiential wisdom is
invaluable. However, through the integration of rigorous scientific inquiry
derived from clinical trials the profession is propelled into a new era—one
where decisions are not just based on tradition, but on a foundation of evi-
dence meticulously constructed through systematic investigation judiciously
tempered by expert clinical judgment.

This textbook was conceived to advance an understanding of and to
increase the application of RCTs in clinical care. It is organized in two parts.
Part I delves into the fundamental principles of clinical trial design and meth-
odology. Here the fundamental philosophy underlying the use of RCTs is
explained along with the nuances of formulating research questions, selecting
appropriate study designs, and implementing robust methodologies to ensure
the validity and reliability of findings. Understanding the intricacies of ran-
domization, blinding, and control groups is essential for designing trials that
withstand the scrutiny of scientific evaluation. This section serves as the cor-
nerstone for any dental professional aspiring to understand the value of this
ever-expanding body of evidence in oral healthcare.

Part II of the textbook explores the practical aspects of conducting clinical
trials within the context of various dental specialties. From recruiting partici-
pants and obtaining informed consent to managing data and navigating regu-
latory requirements, these chapters serve as a comprehensive guide for dental
researchers and clinicians alike. Real-world examples illustrate the applica-
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tion of theoretical concepts, providing readers with a practical roadmap to
guide them in their own research endeavors. The importance of an often-
overlooked aspect of clinical research, effective communication of research
findings, is also emphasized as is the need to ensure that attention is paid to
patient-relevant outcomes such as treatment cost and quality of life as impor-
tant elements of the research design.

This textbook is not merely a compendium of facts and figures; it is a call
to action for every dental professional to embrace the role of a lifelong learner
and a critical thinker. The journey through clinical trials is both challenging
and rewarding, demanding dedication, perseverance, and a commitment to
the highest standards of scientific inquiry and ethical clinical practice. For
clinicians wishing to deepen their understanding of the scientific rationale for
clinical practice, this textbook serves as a guiding light, illuminating the path
toward a future where dentistry is grounded in evidence, compassion, and
excellence.

University of Pittsburgh Robert Weyant
Pittsburgh, PA, USA



Preface

We, as educators and researchers, have dedicated our diverse careers to
advancing oral health through evidence-based dentistry. We have authored
pivotal chapters and enlisted seasoned colleagues to contribute, representing
various dental specialties. Some chapters required extended periods due to
the necessity of sourcing experienced authors and navigating the extensive
literature base.

This book serves as a primer on the application of rigorously tested meth-
ods in conducting randomized trials within dentistry. It not only elucidates
existing methodologies and areas for enhancement but also identifies gaps in
the research landscape. Our citation choices were necessarily discerning, yet
we believe the chapters are current as of early 2023 when the manuscript was
finalized. This work addresses a void in dental literature particularly pertinent
to graduate students and early-stage investigators, although clinicians will
find many chapters of interest.

The impetus behind our writing and editing endeavors stems from the pro-
found significance of good oral health. We assert that dental care profession-
als should have access to and employ the most contemporary and validated
treatments. We sincerely hope that you, esteemed reader, will discern value in
our work. Please feel free to share your comments and suggestions at kohli @
ohsu.edu.

Portland, OR, USA Richie Kohli

Portland, OR, USA Harjit S. Sehgal
Seattle, WA, USA Peter Milgrom
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The Role of Randomized
Controlled Trials in Clinical
Dentistry and Future Directions

Alonso Carrasco-Labra, Jamie Spomer,
Marcelo W. B. Araujo, Richie Kohli,

and Peter Milgrom

Randomized clinical trials (RCTs) are an essen-
tial step in the often long and tortuous path of
translating “benchtop” successes into safe and
effective advances in patient care. Studies con-
ducted in Medicine suggest that the path typi-
cally takes anywhere between 17 and 20 years [1,
2]. Even the recent rapid development and imple-
mentation of SARS-2 vaccines was based on
many years of preliminary work in immunology
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[3] and other fields. Previously clinicians’ choices
were limited to case reports and observational
studies that had huge limitations in terms of rigor
and generalizability. Today, RCTs may focus on
the prevention of disease or the diagnosis, con-
trol, or treatment of oral conditions overcoming
these limitations. Primary outcomes may be clin-
ical, patient-reported, or behavioral. Secondary
outcomes may be surrogates or markers of dis-
ease progression [4]. Often RCTs, especially
those that test drugs and devices, include mea-
sures of adverse effects or harms. Pre-clinical sci-
entific discoveries may transition into any number
of clinical trials as the body of evidence evolves.
This is a process and rarely does a single trial
answer all clinical questions. Indeed, RCTs
require the investigator to narrow and focus the
question to be studied a priori. They are not
exploratory. The quality of the resulting evidence
depends largely on the clarity and rigorous study
design and execution. Experts across various dis-
ciplines of medicine have developed a system for
Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system
(Table 1.1) [5]. This system is helpful to clini-
cians because the higher the category of the cer-
tainty of the evidence (i.e., high, moderate, low,
and very low certainty), the greater certainty of
the evidence and the more significant are the clin-
ical applications. At the aggregate level, system-
atic reviews and meta-analyses allow then for the
synthesis of the results of multiple RCTs, which

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024 3
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Table 1.1 Certainty of evidence and its significance in
the GRADE approach

Certainty of

evidence level Definition
High We are very confident that the true
effect lies close to that of the estimate
of the effect

We are moderately confident in the
effect estimate. The true effect is likely
to be close to the estimate of the effect,
but there is a possibility that is
substantially different

Our confidence in the effect estimate is
limited: The true effect may be
substantially different from the
estimate of the effect

We have very little confidence in the
effect estimate: The true effect is likely
to be substantially different from the
estimate of effect

Adapted from H. Balshem et al. GRADE guidelines: 3.
Rating the quality of evidence. Journal of Clinical
Epidemiology 64 (2011) 401-406

Moderate

Low

Very low

are an essential element for producing evidence-
based clinical practice guidelines [6]. The
American Dental Association Department of
Evidence Synthesis and Translation Research
and the ADA’s Council of Scientific Affairs, as
well as organizations like the Cochrane
Collaboration have been active in disseminating
and encouraging the adoption of such guidance.
Nevertheless, clinicians’ awareness of the evi-
dence, acceptability of the findings from research,
ability to apply the intervention of interest, and
the patients’ ability and willingness to accept
science-based interventions are some additional
barriers that need to be addressed. These areas
are the subject of much needed research but
beyond the scope of this textbook.

The purpose of this chapter is to discuss why
clinical trials are important in clinical dentistry and
identify important factors that influence their use-
fulness and validity. The areas addressed in this
chapter are the following: framing the problem so it
has potential clinical application; methodological/
design issues that increase or decrease the validity
and clinical relevance of the RCTs; key regulatory
and ethical dilemmas which could be faced by nov-
ice researchers while planning and conducting ran-
domized controlled trials; and special issues about
the future of randomized controlled trials.

1.1 Framing the Problem So It
Has Potential Clinical

Application

Evidence-based medicine, and its application to
clinical disciplines including Dentistry is defined
as “the conscientious, explicit, and judicious use
of current best evidence in making decisions
about the care of individual patients [...] integrat-
ing individual clinical expertise with the best
available external clinical evidence from system-
atic research [...] and compassionate use of indi-
vidual patients’ predicaments, rights, and
preferences in making clinical decisions about
their care” [7]. Patients, clinicians, insurers, poli-
cymakers, patient partner organizations, and aca-
demicians use this evidence to inform healthcare
decisions and determine the best approaches to
prevent, diagnose, treat, and define a condition’s
prognosis.

The nature of the underlying evidence is either
experimental or observational. Experimental
studies involve the explicit and intentional admin-
istration of an intervention to a group of partici-
pants to compare their outcome to another group,
which serves as a control. In observational stud-
ies, the investigator plays a different role, not
intervening in how an experimental treatment is
administered but merely documenting its use and
consequences. Observational studies, such as
those that use cohort designs, also include a com-
parison group. This feature of observational stud-
ies allows them to become a suitable alternative
to answer clinical research questions that, in
many cases, are not possible using RCTs. For
example, to study the effects (i.e., desirable and
undesirable effects) of opioids compared to non-
opioid analgesics (e.g., nonsteroidal anti-
inflammatory drug or acetaminophen) for
managing acute dental pain, many RCTs have
been conducted. They primarily provide informa-
tion regarding short-term beneficial outcomes
(e.g., pain relief, rescue medication, and global
assessment of pain control up to 8 h follow up).
These trials may also address short-term harm
outcomes (e.g., gastrointestinal adverse effects,
central nervous system adverse effects up to 8 h
follow up) [8]. However, other highly relevant
adverse effects that require a longer follow-up to
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occur, like long-term opioid abuse, drug depen-
dence, or mortality. For efficiency, these out-
comes are not always informed by RCTs but
rather by long-term cohort studies or large cross-
sectional studies conducted using pre-existing
databases such as hospital records [9, 10]. Other
study reports like clinical case series have an
integral role in describing clinicians’ experience
with new treatments in settings where other study
designs may be ethically inappropriate or practi-
cally difficult, for example, because the condition
of interest is infrequently observed (e.g., disease
with an extremely low prevalence). Such studies
have limitations that can include small sample
sizes, lack of comparison groups, selection bias,
and other problems. A recent example of a useful
clinical case series study was conducted to deter-
mine the arrest of root surface caries lesions in
older adults when teeth were treated topically
with 38% silver diamine fluoride (SDF). In the
report, the authors identify some of the limita-
tions [11].

RCTs are the preferable approach to deter-
mine the effect (i.e., benefits and harms) of inter-
vention in health outcomes. RCTSs’ superiority
over observational studies is based on the argu-
ment that the treatment choice and subsequent
allocation of participants to an experimental or
control arm are determined by chance and not by
a clinician or an investigator, minimizing the
effect of bias. Thus, randomization helps to cre-
ate treatment arms balanced regarding known
and unknown factors prognostic for the outcomes
of interest, minimizing the effect of bias
(“Systematic deviation of results or inferences
from the truth” [12]) and confounding (“The dis-
tortion of a measure of the effect of an exposure
on an outcome due to the association of the expo-
sure with other factors that influence the occur-
rence of the outcome” [12]), and leaving two
similar groups with only one difference: the
experimental intervention under assessment. For
example, investigators conducted an RCT to
study the effect of using chlorhexidine gel com-
pared to chlorhexidine rinse for preventing alveo-
lar osteitis after the extraction of mandibular
third molars. Participants (n = 73) were appropri-
ately randomized, and the randomization scheme
was concealed. However, when exploring the

extent to which prognostic factors were equally
distributed, there were some between-group dif-
ferences in the proportion of male participants
(14 in the gel group versus 5 in the rinse group)
and smokers (16 in the gel group versus 10 in the
rinse group) [13]. In this example, the small sam-
ple size could be responsible for the prognostic
imbalances in the face of proper randomization
and allocation concealment.

The advantages that RCTs exhibit also come
with an unavoidable limitation. Not all potential
participants are willing to be randomized and
investigators cannot study speculative or even
potentially harmful treatments because ethical
principles prevent them from deliberately expos-
ing those participants to potentially harmful
interventions. Other study designs—such as
observational studies—may be appropriate. For
example, studying the effect of dental radio-
graphs on the incidence of meningiomas, a
benign brain tumor, can only be addressed using
observational studies [14]. It would be unethical
to recruit participants for an RCT where one of
the groups would receive a large dose of radiation
from dental radiographs to compare that arm
with another one receiving a lower dose from
radiographs.

RCTs often provide the most trustworthy evi-
dence of causality between an intervention and a
health outcome [15]. They measure the clinical
effects of an intervention compared to a control
or comparator, which may be a currently accepted
intervention (e.g., head-to-head comparison,
usual care) or no intervention (e.g., no treatment,
placebo-controlled comparison). The choice of
the comparator often depends on whether there is
an existing treatment that is well accepted and the
ethics of withholding such a treatment from the
participants. Other chapters in this text provide
reference to the guidance of the International
Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human
Use and Good Clinical Practice Guidelines and
advice to investigators of the US Food and Drug
Administration or regulations of other countries.
Following this guidance leads to trials designed
to properly assess the efficacy and safety of an
intervention. A collection of evidence, such as a
series of RCTs, must occur for an efficacious
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intervention to be effective in the real-world con-
ditions of clinical practice [16]. While efficacy
refers to “the extent to which a specific interven-
tion, procedure, regimen, or service produces a
beneficial result under ideal conditions” [12];
effectiveness is verified when an intervention is
“deployed in usual circumstances of living and
practice, and does what is intended to do for a
specific population” [12].

1.2  Methodological/Design
Issues That Increase or
Decrease the Validity
and Clinical Relevance
of RCTs

Randomization plays an essential role in balanc-
ing known and unknown prognostic factors
between the study arms, allowing investigators to
obtain an unbiased assessment of the treatment
effect. In other words, when randomization is
appropriately implemented, and an effect is
found, the most likely explanation for that effect
is the administration of the experimental inter-
vention. Here is a brief description of some rele-
vant strategies and practical examples:

1. Methodological strategies before the trial
starts

(a) Random sequence generation:
Researchers should generate a sequence
that will guide the process of allocating
participants to the study arms. Such a
sequence randomly defines which arm
each participant will be assigned to at
enrollment. This element of chance and
the sequence itself are often computer-
generated using statistical packages,
which is preferable to other less reliable
methods, like the day of the week, area
code of the phone number, or simply
alternating assignment of patients to
either arm (pseudorandomization meth-
ods) [17]. A good example is provided
from this study in orthodontics: “Random
sequence generation was performed with

a computerized random 1:1 allocation
using block sizes of 2. Randomization

(b)

was performed on a computer with SPSS
Statistics Ver 27.0 (IBM, Tokyo, Japan)
by Y.S. No changes were made to the pro-
tocol after the trial commencement. After
screening, the groups were created and
locked before the start of the study.
Patients were randomly allocated to the
fluoride application group as a control
(Group 1) or the tooth surface disinfec-
tion group as a test (Group 2)” [18].

Allocation concealment: Even if the ran-
dom sequence to assign participants to
study arms was generated using valid
methods, the prognostic balance may be
altered if participants or research workers
learn the treatment arm assignments.
Investigators can implement allocation
concealment, for example, by using
remote web-based 24-h central telephone
randomization services offered by a third-
party sources. Often investigators place
assignments in opaque, sealed envelopes
that are opened at the time of the treat-
ment intervention. However, the use of
envelopes represents a greater threat to
the appropriate concealment of the
sequence and should not be the first
method of choice [19]. An example is
provided from the following study: an
RCT assessing the effect of applying 25%
silver nitrate solution (AgNO;) plus 5%
sodium fluoride (NaF) varnish with func-
tionalized tricalcium phosphate (fTCP)
compared to 25% silver nitrate solution
(AgNO3) plus 5% sodium fluoride (NaF)
varnish (without fTCP) to arrest dentin
caries lesions in primary teeth allocated
3-year-old children to each study arm in
the following fashion: “Allocation num-
bers were sealed in a pile of opaque enve-
lopes, and a field assistant implemented
the treatment allocation” [20]. The study
did not describe how they developed and
monitored the allocation process to
preserve concealment. A good example of
extended criteria providing additional
assurance is “Envelopes were sequen-
tially numbered and opened sequentially
only after participant details were written
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on the envelope. Pressure-sensitive or
carbon paper inside the envelope trans-
ferred the participant’s details to the
assignment card. Cardboard or alumin-
ium foil inside the envelope rendered the
envelope impermeable to intense light.
Envelopes were sealed using tamper-
proof security tape” [21].

2. Methodological strategy as the study is being

conducted
(a) Blinding: After participants are enrolled

in the study and the intervention(s) of
interest is(are) administered, the research
personnel (e.g.., researchers, clinicians,
data collectors, outcome adjudicators, and
statisticians), patients, and their caregiv-
ers must remain unaware of the arm
assignment. This is achieved by using a
methodological strategy called blinding.
The wuse of placebo, double-dummy
approaches, and codes are some of the
most common strategies in pharmacologi-
cal/medical trials. In dental trials aiming
to determine the effect of a procedure;
however, the implementation of blinding
for the clinicians performing the proce-
dure under investigation is not always
possible [19]. Instead those who evaluate
the outcomes are blinded. Some have pro-
posed using sham procedures, yet the use
of sham treatments often creates method-
ological and ethical challenges [22].
When blinding strategies fail, the placebo
effect, as an explanation of apparently
promising results, cannot be excluded. It
is also possible that participants and
researchers in the trial may consciously or
unconsciously deviate from the intended
intervention protocol, biasing the effect
estimate. Often training and fidelity
checks are included in clinical research
protocols to address such problems. The
nature of the outcome of interest (subjec-
tive versus objective measure) and the
ability to adjudicate the outcome in a
blinded fashion are factors that influence
the extent to which one can overcome the
challenges of conducting trials assessing
surgical as opposed to pharmacological

interventions [19]. For example, an RCT
was conducted to determine the effect of
10% polyvinylpyrrolidone—iodine (PVP-
I; povidone—iodine) plus 5% sodium fluo-
ride (NaF) topical varnish compared to
applying 5% sodium fluoride topical var-
nish alone for the prevention of dental
caries lesions in children reported that “all
study personnel and participants were
blinded to treatment assignment. This
study is an example of how to manage
blinding when the intervention may be
easy to figure out by the investigators.
This trial takes advantage of the use of a
dedicated investigator not applying the
intervention but focused only on outcome
adjudication. To maintain blinding, caries
scoring examinations preceded the appli-
cation of varnishes. Staff members apply-
ing varnishes did not perform the caries
scoring examinations to eliminate exam-
iner bias and ensure blinding” [23].

3. Methodological strategies after the study is
completed

(a)

(b)

Missing participant data: Even if all of the
methodological strategies listed above
were successfully implemented, a trial
could still be at risk of bias due to missing
participant measurements when conduct-
ing the analysis. Although more than 18
different types of missing data have been
described, the risk of bias is of particular
concern when there is an imbalance or
difference in the proportion of missing
outcome data in the intervention arm
compared to the control [24]. This can
often be linked to known side effects or
unexpected adverse effects or simply the
participant burden of the experimental
intervention. In such situations, partici-
pants with a greater burden will drop out,
which may make the treatment under
investigation looking more favorable or
providing misguided or biased results.
Guidance for the appropriate analysis and
reporting of missing data has been pub-
lished elsewhere [25].

Intention-to-treat analysis (ITT): ITT
ensures that all participants allocated to
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each intervention arm are analyzed “as
intended” or according to the allocation
initially defined by the randomization
sequence. Conducting the analysis of
RCTs in this manner allows investigators
to maintain the prognostic balance initially
achieved by the randomization sequence
and determine the robustness of the results
to the protocol violations and cross-con-
tamination between study arms. The inten-
tion-to-treat analysis is, by nature,
pragmatic, generalizable, conservative and
avoids an overestimation of the treatment
effect [12]. On the other hand, per-protocol
analysis excludes the results of the partici-
pants who dropout or cannot be followed
up and or those whose treatment involved
protocol variations (e.g., got the wrong
treatment or were followed up outside the
pre-established time frame for outcome
measurement). Per-protocol analysis leads
to distortion of “true” study results. An
ITT analysis was used by Weintraub et al.
in a fluoride efficacy study in which there
were protocol deviations [26]. In this
study, “All families received counseling,
and children were randomized to the fol-
lowing groups: no fluoride varnish, fluo-
ride varnish once/year, or fluoride varnish
twice/year. A protocol deviation resulted
in some children receiving less active fluo-
ride varnish than assigned. Nevertheless,
ITT analyses showed a fluoride varnish
protective effect in caries incidence.
Analyzing the number of actual, active
fluoride varnish applications in a supple-
mentary per protocol analysis received
resulted in a dose-response effect” [26].

1.3  Types of RCTs

1. According to phases of the development of an

intervention

The process from the first concept of an
intervention until its release to the market is
long and often measured in years or even a
decade. This process is designed to help
investigators answer three essential research

questions. (a) Does the treatment work at all
in participants? (b) Is the treatment reason-
ably safe (does the benefits outweigh the
potential harms)? And, (c) is the treatment
better or as good as the current standard of
care or what is currently used? At every step
of this process, an increasing number of peo-
ple are enrolled to increase generalizability
and to minimize the exposure of a large num-
ber of patients un unknown harms at the early
stages [27] (Table 1.2).

. According to the study purpose

RCTs have been broadly categorized into
two main types depending on their primary
goal: Explanatory or pragmatic. Explanatory
or “efficacy” trials are driven by a research
question that focuses on the intervention’s bio-
logical mechanisms. They provide evidence of
whether the treatment under investigation
works when prescribed or provided by an
expert or specialist to patients with high-level
compliance under the most favorable condi-
tions possible. In other words, explanatory tri-
als answer the question, “can the treatment
produce more good than harm under ideal cir-
cumstances?” [28]. Pragmatic trials, on the
other hand, focus on the clinical or commu-
nity-level application of an intervention and
provide evidence as to whether the treatment
of interest works when prescribed or applied
by a variety of clinicians to participants that
may or may not be fully adherent to the proto-
col under conditions that better mimic a clini-
cal setting. Pragmatic trials answer the
question, “can the treatment produce more
good than harm under conditions similar to
clinical practice?” [28]. For example, a com-
parison of how patients value and respond to
information on risk given in three different
consent forms during dental check-ups: the
PREFER randomized controlled trial [29].

Although these definitions are widely
available in the literature, they have been criti-
cized by some as oversimplistic. Instead, tri-
als exhibit a pragmatic-explanatory continuum
depending on the specifications of the study
design and conduct. The PRECIS tool pro-
vides a representation of the different ele-
ments to consider when defining the purpose
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Table 1.2 Phases in the development of randomized controlled trials according to objective and sample size

Sample size

Objective and examples (participants)
Phase [ Exploratory study to determine potential toxicity, tolerability of a drug, and potential 10-20

adverse events

E.g. Phase 1 clinical trial of peptide therapeutic product, C16G2 for dental caries

management (C3J Therapeutics, unpublished data [NTCs: NCT02509845,

NCT03004365, and NCT03052842])

Phase 1 Study of Clinical and Radiographic Success of Antibacterial Cement in

Infected Dentin of Deciduous Teeth [47]
Phase I Study intended to obtain initial evidence of potential therapeutic efficacy with the 30-60

evaluation of beneficial outcomes and assessment against potential risks
E.g. Efficacy and safety of a novel mucoadhesive clobetasol patch for treatment of
erosive oral lichen planus: a phase 2 randomized clinical trial [48]

Phase III ~ Study intended to determine the extent to which the new therapy is efficacious when 100-1000s
compared with the currently available standard therapy, or with placebo in the
absence of such a therapy
E.g. A phase III randomized, double-blind, placebo- and active-comparator-
controlled multiple-dose clinical trial to study the efficacy and safety of MK0663/
etoricoxib 90 and 120 mg, ibuprofen 600 mg, and acetaminophen 600 mg/codeine
60 mg in the treatment of patients with postoperative dental pain [49]

Phase IV Post-marketing surveillance intended to monitor in a large-scale and long-term
fashion in the presence of adverse events
E.g. Amoxicillin/clavulanic acid for the treatment of odontogenic infections: a
randomized study comparing efficacy and tolerability versus clindamycin [5S0]

Hundreds of
thousands

Table 1.3 Scores in the PRECIS tool for the randomized controlled trial: biodentine application as an apical plug on
the healing of apical lesions on immature permanent molars

Flexibility:  Flexibility: Primary  Primary
Eligibility ~Recruitment Setting Organization delivery adherence  Follow-up outcome analysis
3 5 2 5 2 2 2 3 5

of a trial across ten domains [30]. This tool

was improved and validated to create

PRECIS-2 [31], which graphically is a

9-spoked “wheel” with nine domains based

on trial design decisions.

(a) Eligibility criteria—Who is selected to
participate in the trial?

(b) Recruitment—How  are
recruited into the trial?

(c) Setting—Where is the trial being done?

(d) Organization—What  expertise  and
resources are needed to deliver the
intervention?

(e) Flexibility delivery—How should the
intervention be delivered?

(f) Flexibility adherence—What measures
are in place to make sure participants
adhere to the intervention?

(g) Follow up—How closely are participants
followed-up?

participants

(h) Primary outcome—How relevant it is to
participants?

(i) Primary analysis—To what extent are all
data included?

These nine domains are each scored on a
5-point Likert continuum (from 1 = very
explanatory “ideal conditions” to 5 = very
pragmatic “usual care conditions”) with the
goal that trialists, clinicians, and policymak-
ers can more easily consider whether design
decisions. For example, Tolibah et al. [32]
randomized controlled clinical and radio-
graphic trials to study the effect of Biodentine
application as an apical plug on the healing
of apical lesions on immature permanent
molars, the scores in the PRECIS tool are
presented in Table 1.3. The setting domain
was scored as 2 as this study was conducted
in the pediatric department, College of
Dentistry, Damascus University from March
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2020 and July 2021, but the conclusion. The
most extremely pragmatic approach to set-
ting (score 5) would be to do the trial in an
identical setting to which the authors intend
the results to be applied.

1.4  Key Regulatory and Ethical
Dilemmas Which Could
Be Faced by Novice
Researchers While Planning
and Conducting RCTs

While planning and conducting RCTs, sponsors,
investigators, and review boards must adhere to
Good Clinical Practice (GCP) and applicable
local regulations to ensure human subject protec-
tions and the implementation of good study
design and protocols.

The International Council for Harmonisation
(ICH) Guideline for Good Clinical Practice is an
international ethical and scientific quality standard
regarding the design, conduct, record, and report
of trials that involve human subjects [33]. The
principles of ICH GCP are rooted in the World
Medical Association’s Declaration of Helsinki of
1964, which defines the responsibility of investi-
gators and the basic principles for all medical
research [34]. The principles provide the basis for
conducting clinical studies in a manner that pro-
tects participants’ safety and well-being, and the
resulting evidence is credible and accurate.

The Principles of Good Clinical Practice [33]

1. Clinical trials should be conducted following
the ethical principles that have their origin in
the Declaration of Helsinki, consistent with
GCP and the applicable regulatory
requirement(s). Some relevant examples are
the following:

(a) Off-label drugs: Fluoride varnish has
never been approved as a drug in the
United States and is used off label. It
may be impossible to use a placebo in a
trial of a new varnish, requiring the com-
parator to be an established varnish.

(b) Use of placebo or placing patients on a
placebo when an effective treatment

exists: Some industrial studies especially
in developing countries have been criti-
cized because they included a placebo
arm in their new arginine toothpaste trial
rather than providing the current gold
standard therapy, e.g. fluoridated tooth-
paste for comparison [35]. If a new agent
is tested only against a placebo, there is
no certainty that it is more effective, or
equally effective as an existing agent.
Under these circumstances, new drugs
should be tested against an active agent.

. Before a trial is initiated, foreseeable risks

and inconveniences should be weighed
against the anticipated benefit for the indi-
vidual trial participant and society. A trial
should be initiated and continued only if the
anticipated benefits justify the risks.

. The rights, safety, and well-being of the trial

participants are the most important consider-
ations and should prevail over science and
society’s interests.

. The available nonclinical and clinical infor-

mation on an investigational product should
adequately support the proposed clinical
trial.

. Clinical trials should be scientifically sound

and described in a clear, detailed protocol.
The study outcome measures should be pre-
defined so it does not result in bias due to the
preference of choosing one outcome mea-
sure over another after reviewing the data.
Examples include periodontal studies where
pocket depth measurements are one of the
clinical outcome measures. It should be clear
if the pocket depth outcome is defined at the
patient level or tooth level, and average or
range of pocket depths.

. A trial should be conducted in compliance

with the protocol that has received prior
institutional review board (IRB)/independent
ethics committee (IEC) approval/favorable
opinion.

. The medical care given to and medical deci-

sions made on behalf of participants should
always be the responsibility of a qualified
physician or, when appropriate, of a qualified
dentist.
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8. Each individual involved in conducting a
trial should be qualified by education, train-
ing, and experience to perform their respec-
tive task(s).

9. Freely given informed consent should be
obtained from every participants before clin-
ical trial participation. Today with online
journals and online supplements it is possi-
ble for investigators to publish the scripts
used in obtaining consent and the actual con-
sent forms. Effective and ethically sound
informed consent should ensure that the risks
and benefits of research participation are
consistent with a participant’s values and
preferences [36]. An example is that most
participants who enroll in clinical pain
research expect some improvement in their
pain control. In cases where there is no direct
benefit to the participant, e.g., conducting
surveys, studying medication pharmacoki-
netics, etc. the informed consent process
must take on additional burdens to ensure
that participants who consent to research that
will not benefit them personally truly under-
stand that the benefit of the research is only
on the societal level [36].

10. All clinical trial information should be
recorded, handled, and stored in a way that
allows accurate reporting, interpretation, and
verification. Many journals now have the
requirements to make the datasets publicly
available and require data storage in supple-
mentary materials or specific databases. The
researchers should thus store data in an
understandable format for future sharing.
Researchers should also be motivated to
release their data with benefits such as recog-
nition, or possibly bonus points in grant and
job applications [37]. Data management
costs should also be included in funding
research.

11. The confidentiality of records that could
identify participant should be protected,
respecting the privacy and confidentiality
rules following the applicable regulatory
requirement(s).

12. Investigational products should be manufac-
tured, handled, and stored following appli-

cable good manufacturing practice (GMP).
They should be used in accordance with the
approved protocol. In many device trials in
dentistry, a manufacturer provides materials
and they are generally not independently
tested for assurance of the ingredients but
probably should be. There may also be trade
secrets that prevent the investigator from
knowing what a product is but this does not
excuse the obligation of the researcher to
verify that an agent is, for example, biologi-
cally active. Especially with devices, there is
rarely any collection of data on harms,
largely because such data collection compli-
cates or lengthens already poorly funded
industry studies.

13. Studies should include procedures that assure
the quality of every aspect of the trial that is
to be implemented. Good studies have
detailed procedure manuals in addition to the
protocol.

The RCT sponsor is the institution, organiza-
tion, company, or individual who manages and
funds clinical research. The ultimate role of the
sponsor is to uphold the quality and integrity of
the trial. Sponsor responsibilities include, but are
not limited to, the protocol design, securing
approval/favorable opinion of the ethics review
board, the manufacturing, labeling, coding, and
supplying investigational products for the study,
quality and risk management, adverse event
reporting, and continuous monitoring of the trial
[33]. The trial protocol and design indicate how
the study will take place, and the data are man-
aged and analyzed. The design includes measures
to minimize or avoid bias, inclusion and exclu-
sion criteria for subject selection, methods and
timing for assessing, recording, and analyzing
safety and efficacy parameters, statistical meth-
ods to be utilized, and data and records manage-
ment strategies. Throughout the implementation
of the study protocols, the sponsor must maintain
communication with all concerned investigators
and institutions, as well as the appropriate regula-
tory authorities, to provide prompt notification of
any research findings that could adversely affect
the safety of subjects, impact the conduct of the
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trial, or alter the ethics review board approval to
continue the trial [33]. Trial monitoring is also a
significant responsibility of the sponsor.
Monitoring verifies the welfare of the study par-
ticipants, compliance with GCP, and the accuracy
and integrity of the trial data. While the trial
sponsor may also be the investigator in some
cases, the sponsor is most often responsible for
selecting an experienced and capable investigator
to implement the study design and protocols.

Investigators may also play a role in a practice-
based research network (PBRIN). PBRNs are usu-
ally comprised of practicing clinicians interested
in clinical research and a desire to advance patient
care and health outcomes in the “real world.”
PBRNS are often affiliated with academic institu-
tions and have strong relationships with commu-
nity stakeholders. The diversity in location,
expertise, and experience, along with the wealth of
knowledge that a PBRN can contribute to a clini-
cal trial, is often offset by its inability to establish
and maintain well-controlled, GCP-compliant
research conditions required for RCTs. For these
reasons, we believe that PBRNs are best designed
and uniquely positioned to contribute evidence
that will lead to the most effective outcomes.
Contributions of observational and other non-ran-
domized clinical studies, together with RCTs, will
build a rich body of evidence to expedite the trans-
lation of research outcomes into safe and effective
advances in clinical dentistry outcomes.

The Future of Randomized
Controlled Trials

1.5

Recently, the use of large databases of patient-
level data, including their clinical records, has
been proposed as an alternative approach to the
standard parameters of causality and the classic
RCT when determining the efficacy and safety of
experimental interventions [38]. This approach,
referred to as “real-world evidence,” promises to
take advantage of pre-existing data collected over
thousands or millions of patients during the pro-
vision of care that reflects clinical decisions
implemented by clinicians and patients in real-
world clinical settings. The US Food and Drug

Administration (FDA) defines real-world data as
“...data relating to patient health status and/or
the delivery of health care routinely collected
from a variety of sources” [39]. Using such a type
of data has several advantages: (1) it provides a
broad platform of patients with a favorable pro-
file toward a high level of generalizability and
applicability of knowledge to practice; (2) it
serves as a valuable source to identify rare
adverse events, often challenging to find out from
classic RCTs; and (3) it offers an inexpensive and
convenient source of data, otherwise collected for
other purposes than research. It becomes appar-
ent from the advantages described above that
“real-world evidence” is simply a recent label for
data that remains observational in nature, which
carries well-documented limitations, including
bias and confounding related to the allocation of
patients to specific therapies. When occurring in
clinical settings, such an allocation is highly
influenced by the clinician’s ability to establish a
prognosis and decide the best potential course of
action. This favorable and desirable approach
that clinicians apply to maximize the chance of
clinical success, on the other hand, makes treat-
ment effects calculated using these data unavoid-
ably affected by bias and confounding [40].

The previous arguments are not to say that
electronic health records, claims and billing data,
patient-generated data from wearables and
mobile devices, data warehouse construction,
and repositories are of no value, and only data
from RCTs are meant to inform practice and pol-
icy. Instead, the future entails amalgamating the
fundamental principles of causal inference from
RCTs with large sample sizes, high generaliz-
ability, and logistical convenience of real-world
data. This has opened the door to the conduct of
registry-based RCTs, a type of pragmatic trial
emerging as a new approach in comparative
effectiveness research [41]. Although no registry-
based RCTs have been conducted or published in
dentistry, there are several examples in the medi-
cal literature [42]. For example, the TASTE trial
is a large-scale RCT wusing a registry-based
approach. Briefly, the investigators used the
Swedish Coronary Angiography and Angioplasty
Registry (SCAAR) to evaluate the use of intra-
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coronary thrombus aspiration plus primary per-
cutaneous coronary intervention (PCI) compared
with PCI alone and its effect on 30-day mortality
in patients with ST-segment elevation myocardial
infarction [43]. Due to the presence of a registry,
patient recruitment occurred at a fast pace
(n = 7244), no patients were lost to follow-up,
and the cost per participant recruited in the trial
was only US $50, 98% cheaper than the cost of
enrolling a patient in a traditional RCT [41].

When compared with conventional RCTs,
registry-based RCTs are advantageous as they
have the potential to accelerate the volume and
pace of participant enrollment, reduce the chance
of missing participant data, enhance the study
findings’ generalizability, and dramatically
reduce the cost of participant recruitment. The
amalgamation of registries and RCT methodolo-
gies also carries challenges and barriers to over-
come. The quality of the data in the trial is
directly related to the accuracy of the informa-
tion collected by the registries. Ethical issues,
like patients’ privacy or the timing for imple-
menting informed concern, the ability to cross-
link databases of different sources and nature,
and ascertain the treatment outcomes using data
gathered from clinical records can also be cited
as issues that clinical trialists using this design
need to address [41].

1.6 Case Scenario Exercise

1.6.1 Case Scenario

A parallel-arm, blinded, RCT of 1-year
duration in patients with metabolic syn-
drome (MetS) and periodontitis was con-
ducted [44, 45]. Participants were
randomized to an experimental treatment
group (ETG) (n = 82) that received plaque
control and root planning plus amoxicillin
and metronidazole or to a control treatment
group (CTG) (n = 83) that received plaque
control instructions, supragingival scaling,
and two placebos. Computer-generated ran-
domization was used for the first eight par-

ticipants enrolled, and the minimization
method for the following participants, then
allocated participants using opaque enve-
lopes with cardboard inside so they were
impermeable to light. The authors did not
perform randomization according to the
protocol, but changed the method during the
trial. The allocation sequence was generated
by a statistician without clinical involve-
ment in the study, who also assigned the par-
ticipants to study groups. The examiner, the
patients, and the technician who performed
the laboratory analyses were all blinded to
group assignment. The active periodontal
therapy was performed by three periodon-
tists (AQ, CI, and PC) and was completed
within 3—4 weeks of the baseline visit.
Patients in the CTG received treatment con-
sisting of plaque control, supragingival scal-
ing, and two placebo tablets. Periodontal
parameters were reassessed at 3, 6, 9, and
12 months after completion of therapy. The
primary and secondary outcomes were
changes in C-reactive protein (CRP) and
fibrinogen levels, respectively. There were
3% of participants who lost to follow-up and
were excluded from the analysis. Periodontal
parameters significantly improved in both
groups 3 months after therapy (p = 0.0001)
and remained lower than baseline up to
12 months. The improvement of periodontal
status was significantly greater in the ETG
(»p = 0.0001). A multiple linear regression
analysis, controlled for sex, smoking, hyper-
tension, and extent of periodontitis showed
that CRP levels decreased with time and that
this reduction was significant at 9 (p = 0.024)
and 12 (p = 0.001) months in both groups,
without difference between the groups.
Fibrinogen levels significantly decreased in
the ETG at 6 and 12 months but not in the
CTG. The authors concluded that periodon-
tal inflammation either with root planning
and systemic antibiotics or with plaque con-
trol and subgingival scaling significantly
reduces CRP levels after 9 months in patients
with MetS.
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Questions 7. Sackett DL, Rosenberg WM, Gray JA, Haynes RB,
1. What is the risk of bias related to the sequence Richardson WS. Evidence based medicine: what it is

generation in this study?

. What is the risk of bias for allocation

concealment?

. Why do you think control group also received

periodontal treatment and was not a trueun-
treated control group?

Answers

1.

It is unclear risk of bias for sequence genera-
tion as the authors did not perform randomiza-
tion according to the protocol, but changed the
method during the trial [46].

. ITtis low as: (a) after randomization, participants

were allocated using opaque envelopes with
cardboard inside so they were impermeable to
light, and (b) the allocation sequence was gener-
ated by a statistician without clinical involve-
ment in the study, who also assigned the
participants to study groups.

. For ethical reasons, control patients of the cur-

rent study were not a true untreated control
group as used in conventional randomized
clinical trials because of the acceptability and
availability of the standard of care treatment
for periodontitis.
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How to Conduct a Clinical Trial:

Overview

Peter Milgrom and Donald L. Chi

2.1 Conception and Planning

of a Clinical Trial

Theoretical model of the problem
Specific objectives/hypotheses
Theoretical model of the intervention
Scientific rationale

Clinical trials are conducted in order to answer
specific questions about the efficacy, effective-
ness, or safety of a clinical intervention. The
intervention might be a new medical device, a
drug, or a behavioral approach. Typically, trials
are conducted in order to support or modify the
standard of care. The results of randomized trials
are considered the important level of evidence in
developing practice guidelines and for the
approval of medical devices and drugs. The lev-
els of evidence and their importance are shown in
Table 2.1. Efficacy questions address whether an
intervention is able to produce the intended
result. Often efficacy studies (often called phase
2 studies) are conducted in a single setting under
the control of researchers and the participants are
not fully representative of the intended popula-
tion [1]. Effectiveness, on the other hand, in clini-
cal trials parlance refers to whether an intervention

P. Milgrom (D<) - D. L. Chi
University of Washington, Seattle, WA, USA
e-mail: dfrc@uw.edu; dchi@uw.edu

Table 2.1 Levels of evidence in descending order of
strength by source of evidence®

Level Source of evidence

la Systematic review of multiple high-quality
randomized clinical trials

1b Single high-quality randomized clinical trial

2a Systematic review of multiple high-quality
cohort studies

2b Single cohort study; lower-quality randomized
clinical trials

3a Systematic review of high-quality case—control

studies

3b Single case—control study

4 Case series; poor quality cohort or case—control
studies

5 Expert opinion

*http://www.cebm.net/2009/06/oxford-centre-evidence-
based-medicine-levels-evidence-march-2009/

is efficacious in the broad range of “real world”
settings in which it is intended to be used and
with a more representative group of participants.
These are often called phase 3 studies or defini-
tive trials. Normally, efficacy studies are con-
ducted before a decision to carry out an
effectiveness study. Nearly all clinical trials also
address safety (sometimes called harms in the
clinical trials literature) [2].

Clinical trials are focused efforts and depend
on the investigator having a clear model of the
clinical problem being tackled. The need for an
intervention should stem from a careful review
of the literature regarding the disease, condi-
tion, or problem. Similarly, the choice of an
intervention to trial should logically flow from
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the gaps or deficiencies in present interventions.
Usually smaller scale formal studies (often
called phase 1 studies or proof of principle stud-
ies) studies are carried out first to help clarify
the need for and safety of a larger study [3].
Most importantly, the early studies allow for
testing of procedures and measurement tools
needed for a more advanced trial. They may also
contribute to knowledge needed for defining a
hypothesized effect size, and for conducting a
power analysis and determining sample size.
Note, these studies cannot be ad hoc or poorly
conceived or documented.

The key elements of any clinical trial protocol
are the specific objective and hypotheses. These
are stated a priori. An example from one of the
author’s work [4] is below:

Primary objective

* To determine if the test varnish containing fluoride
and iodine is superior to a control varnish
containing only fluoride in the prevention of new
caries lesions.

Secondary objectives

» To establish that the response of child participants
to the test varnish was not inferior to the control
varnish.

* To document the safety of the varnish.

Fig. 2.1 Organization
chart for a recent clinical
trial by one of the
authors (PM)

The hypotheses were that the test varnish is
superior to an active control varnish containing
only fluoride in the prevention of new caries
lesions and that the child participants experienced
no more anxiety during the application of the test
varnish than when the control varnish is applied,
and to document the safety of the varnish.

2.1.1 Assembling Interdisciplinary

Teams

Conducting a clinical trial is not a solo effort but
does require a leader, often called the principal
investigator (PI). It is the job of the PI to lead the
team and to coordinate and assemble the results of
the efforts of the individual team members. PIs
typically have final responsibility for all aspects of
a clinical trial. A successful trial requires the col-
laboration of a team, with the duties and responsi-
bilities of all members carefully delineated in the
protocol and manual of operations. A clinical trial
may require multiple sites to facilitate participant
recruitment. A typical organization chart for a clin-
ical trial is shown in Fig. 2.1. Many teams include
expert clinicians, methodologists with expertise in
measurement and instrument design, trainers, bio-
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statisticians, data managers, and analysts. In situa-
tions where teams are incomplete, there are often
gaps in the quality of the protocol or manual of
operations, problems with measurement, or incom-
plete analyses. The process of team science is an
emerging topic of scholarly interest [5, 6].

2.1.2 Study Timeline

Clinical trials are lengthy. The study timeline
includes (1) defining the objective and hypotheses;
(2) gaining access to a study population and set-
ting; (3) writing the protocol and manual of opera-

Task 9/ |10/ |11/ |1/ |2/ |3/ |5/ |9/
16 | 16 16 17 |17 |17 |17 |17

tions; (4) gaining ethical and regulatory approvals;
(5) budgeting; (6) hiring and training staff; (7)
accrual of the participant population; (8) carrying
out the trial; (9) entering and checking trial data;
(10) analysis; and (11) dissemination of the results.

An example of a trial timeline for a single site
phase 2 trial one of us conducted of a new dental
varnish is given in Fig. 2.2.

2.1.3 Advisory Groups

Historically, investigators used and abused the
populations from which participants were drawn

12/ |2/ |s/ |9/ |12/ |3/ |e6/1/ | 7/1/ | 9/1/
17 |18 |18 |18 |18 |19 |19 19 19
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Fig. 2.2 Trial timeline for single site phase 2 study by one of the authors (PM)
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[7]. They are often described as “parachutists”
who dropped in to conduct research and left with-
out ever sharing the results of their work. This
behavior engendered disbelief and anger and
made carrying out clinical research in the same
setting afterwards difficult. Today ethical
researchers often have advisory groups drawn
from the communities in which they are working,
whether that be a clinic population or the popula-
tion at large [8]. Indeed, some funders (e.g., the
Patient-Centered Outcomes Research Institute in
the United States) require formal community
engagement plans and most granting agencies
and foundations require dissemination plans (to
be discussed later in this chapter). The individu-
als selected for advisory groups, who are typi-
cally paid for their time and service, can advise
on the study from its conception through the
actual interpretation and dissemination of the
study results. Advisory groups need a structure
and a formal job description. Members need
leadership and need to know their obligations.
The following is a typical charge to such an advi-
sory group: providing community context on
how the intervention might be perceived locally,
identifying the most relevant outcomes that
should be studied, helping to develop a partici-
pant recruitment strategy and problem solve dur-
ing the trial, and playing a role in disseminating
the research findings to local stakeholders.

2.1.4 Choosing Sites

Choosing a site or sites for a trial is one of the
most important elements in planning. Successful
clinical trialists have long-established bonds with
the communities where they work. The communi-
ties are often underserved and have high rates of
untreated dental diseases. We recommend to pro-
spective researchers that they provide services in
these communities for several years, to establish
strong ties and friendships, prior to approaching
community leaders or public health officials about
conducting a trial in their community. Funders
always request documentation of community
acceptance prior to providing funding. Planning
to gain community buy-in is always necessary.

There are many questions to ask oneself. Does
the population have a high rate of the disease or
condition I plan to study? Both of us have worked
extensively in Alaska and the US-affiliated states
in Micronesia [9, 10]. Tooth decay rates in these
communities are high. Is the population accessi-
ble—how difficult and time consuming will be it
to recruit the study participants? One of us previ-
ously planned a study on the Navajo Reservation
in New Mexico. The study center was to be in
Gallup (a small city) but the population was
spread over a 60 mile radius and included many
tiny rural communities. This made planning dif-
ficult. Is the population large enough? Many of
Alaska Native communities have populations of
less than 1000. This makes the prospect of
recruiting a sample very tough. Is the potential
participant population typical of those who have
the disease generally? We will discuss the impor-
tance of this element further later in this chapter.
How transitory is the population—do they move
a lot? How difficult will it be to find the partici-
pants when it is time to do follow-up exams or
interviews, for example? How much loss to
follow-up can be expected? A review of trials in
major journals showed that 21% failed to achieve
adequate numbers at randomization and 48%
failed to achieve adequate numbers at outcome
assessment [11]. Achieving the planned enroll-
ment in a trial requires realistic planning, time
and personnel, sufficient budget, and potential
loss of participants requires inflating planned
sample sizes. Failure to achieve planned sample
sizes reduces statistical power to detect differ-
ences in study conditions and loss to follow-up
diminishes the validity of the findings.

2.1.5 Budgeting and Funding

Budget periods for clinical trial research may
include preliminary work and site preparation,
the active research period, data entry and quality
control, and dissemination. In our experience,
most studies are under budgeted and the investi-
gators run out of money at the dissemination
stage. Also, complicated trials—especially those
in the community—experience participant
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accrual rates below predictions—and often have
to spend more time and money to successfully
recruit the required population. Low accrual rates
sink clinical trials, reducing their statistical power
and excluding generalizability. Typical budget
categories for clinical trials research include: per-
sonnel, consulting fees (including for advisory
committees or a Data Safety and Monitoring
Board [DSMBY]), supplies and materials (includ-
ing study drugs), incentives for participants,
travel, and dissemination. Most institutions have
formal written policies about how budgets are
constructed and approved. Nevertheless, rarely
has any functionary in the budget department
ever directed a clinical trial so the accurate esti-
mation of costs is the responsibility of the PI and
the research team.

2.1.6 Funding

Clinical trials can be very expensive. Large multi-
center trials in the United States or within the
European Community can cost millions of dol-
lars. Trials of dental caries preventive agents or
treatments for periodontal diseases can last 3 or
more years. Public funders might include states
(e.g., in 2019 California allocated millions of
dollars to public health work from the Tobacco
Settlement program) or the national government.
The National Institutes of Health, the Centers for
Disease Control and Prevention, the Food and
Drug Administration, the Defense Advanced
Research Projects Agency, the Health Services
and Resources Administration, and other parts of
the US government award grant funding for clini-
cal research. A quasi-governmental agency,
PCORI—the Patient Centered Outcomes
Research Institute, gives funds for clinical trials.
Parallel institutions exist in most countries,
including the European Union and European
countries, Japan, Hong Kong, Singapore, and the
large states in Oceana, Australia, and New
Zealand.

Private companies, particularly those that pro-
duce dental materials, and foundations also give
grants to support research. Typically, however,
the grants are small and support in vitro research.

Very few pay the full cost of trials. Also, universi-
ties may place restrictions on commercial fund-
ing to assure the independence of the investigators
and avoid actual or apparent conflicts of interest.

Reports of the outcomes of all clinical trials
are required to include information on how the
trial was financed and the role, if any, of the
funders in the actual process of the research or
interpretation of the findings. Historically, report-
ing of conflicts of interest in pharmacologic treat-
ment trials was incomplete [12]. In academic
institutions, investigators are required to file
annual disclosures regarding potential conflicts
of interest when trials are funded. The institu-
tions may develop conflict management plans
that specify what a conflicted investigator may or
may not do within the research process.

2.1.7 Clinical Trial Insurance

Investigators working for large academic or pub-
lic health institutions generally have insurance
provided by their home organization. It is impor-
tant, however, for the prospective investigator to
understand the nature and extent of the coverage
and, under what circumstances, the investigator
themselves might be responsible for unforeseen
damages. The home institution may also self-
insure. It may be useful to contact the risk man-
agement office or official within the institution.
Information about liability insurance will cer-
tainly be required for constructing consent forms
and gaining ethical approval. Funders, such as
foundations or government agencies, may also
require proof of insurance.

Trials sponsored by industry or otherwise pri-
vately funded may require commercial insurance
for liability or errors and omissions. They typi-
cally cover claims related to participant injury,
adverse effects, and errors by trial employees.
Such insurance may also cover work-related inju-
ries of employees. Working in remote areas, as
we have, sponsors may require evacuation insur-
ance to insure study employees can be trans-
ported should they have a serious accident on the
job. Examples requiring evacuation might include
a serious road accident on a remote island site in



22

P. Milgrom and D. L. Chi

the Pacific or a snowmobile accident when a
study employee was visiting a village site to see
participants in rural Alaska in winter. This kind of
insurance may be needed to supplement personal
insurance that is provided as part of general
employment contracts. In a tooth decay study,
one of us completed in a rural area involving
about 300 children over 2 years. The commercial
insurance costs alone exceeded US $5000 (2019
dollars) per year.

2.1.8 IRB (Ethics) Approval

Worldwide there are ethical rules governing the
involvement of human subjects in clinical
research [13]. The principles are articulated in
the World Medical Association Declaration of
Helsinki in 1964 and augmented periodically
until today. They build on the International Code
of Medical Ethics. The principles make clear that
“considerations related to the well-being of the
human subject should take precedence over the
interests of science and society.” Moreover, in
most countries, these principles are codified in
laws and regulations regarding all aspects of clin-
ical research. All reputable scientific journals
require evidence that the protocols of published
clinical trials adhered to the Helsinki Declaration
principles and no trials can be published without
such evidence.

In the United States, the policy for protection
of human subjects is called the “Common Rule.”
It was first published in 1991 and is codified in
section 45 CFR part 46 of the Code of Federal
Regulations. The parts include rules for the pro-
tection of all subjects in research as well as spe-
cial protections for pregnant women, human
fetuses, and neonates, prisoners, and children.
Universities in the United States are charged with
assuring that academic scholars follow these reg-
ulations. They do this by mandating training for
investigators and by hosting federally licensed
Institutional Review Boards (IRB) that carefully
scrutinize research protocols before approval and
monitor on-going research to assure the protec-
tion and welfare of research participants.

Institutions can provide required human sub-
jects protection training or they can provide

access to subscription-based national training
resources. The not-for-profit Collaborative
Institutional Training Initiative (CITI Program,
URL: citiprogram.org) provides comprehensive
human subjects training and is widely used by the
major US academic institutions as well as indus-
try. Courses are largely on-line and cover both
medical device, pharmaceutical, and behavioral
research as well subjects such as biosafety and
biosecurity, conflicts of interest, and Good
Clinical Practice (GCP). CITI also offers fre-
quent webinars on related topics. Training is gen-
erally required for any investigator or staff
member who will have contact with human sub-
jects or will be handling protected information.

Employees of academic and research institu-
tions in the United States generally apply to their
own institution’s IRB for approval of research.
Approval is not required at the stage where an indi-
vidual is seeking funding but rather when funding
is secured. Government agencies in the United
States will not release funds for research without
documentation of IRB approval. Very often the
institutions provide training for investigators to aid
them in completing the process. When more than
one institution is involved in clinical trial research,
such as in a multi-center trial, a single institution
takes the lead in reviewing and supervising the
trial. Institutions generally have agreements that
govern the collaborations. Also, there are indepen-
dent IRBs that focus strictly on industry-supported
clinical trials. Investigators at academic institutions
should consult with their own IRB as well as spon-
sors in determining the appropriate IRB of record.

Research conducted outside the United States
is also subject to review. Principal investigators
should plan far in advance to determine the nature
of and comply with local review policies while
also recognizing that their home institution gen-
erally must approve their work.

2.1.9 FDA or Other Regulatory
Issues Including Trial
Monitoring like DSMB or CRO

Phase 3 clinical trials have a Data and Safety
Monitoring Board (DSMB) [14]. Phase 1 or 2
studies may have a DSMB depending on the
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potential risks involved to participants. The
DSMB consists of researchers, ethics experts,
and statisticians outside of the study team and
may be appointed by the investigator or the
sponsor. In the case of studies sponsored by the
National Institutes of Health, the DSMB is
appointed by the PI with the concurrence of the
program official. DSMBs are usually empan-
eled before the study commences and serve until
the data are analyzed and reported. The DSMB
receives annual reports on the progress of the
study and has access to blinded reports on out-
comes and adverse events. DSMBs will have a
written charter specifying the duties of the
members. The primary focus is participant
safety. Recommendations are made to the
Sponsor and Principal Investigator. A DSMB
may recommend a study be halted prematurely.
The DSMB is separate from the IRB, which
maintains oversight.

In clinical trials under the purview of the FDA
and similar governmental organizations through-
out the world, the Sponsor will provide the
agency with a copy of the DSMB charter.

Contract Research Organizations (CRO) are
commercial companies that provide support to
researchers and the industry on a contract basis. In
the context of a clinical trial, the CRO may aid the
investigator in organizing, managing and securing
trial data, and in auditing the data quality. CROs
typically make visits prior to study initiation, send
staff to audit the completeness of records, and con-
duct monitoring visits. CROs issue formal reports
that become part of the trial record. National
Institutes of Health contracts with CRO organiza-
tions for this function. Similarly, a commercial
sponsor may contract with a CRO to manage a trial
but in this case, the CRO may also be advising on
the overall management of a new drug or medical
device application before the FDA or similar orga-
nizations in other countries. CROs vary consider-
ably in size and scope of work.

DSMB members are typically compensated
for their time and receive allowances for travel
and other expenses in carrying out their duties. A
PI must plan for the expenses of a DSMB within
the study budget. In most cases, the Sponsor is
responsible for the cost of using a CRO but how
this is handled varies.

2.1.10 Registration of Trial

Virtually all scholarly journals today require that
reports they publish represent clinical trials that
were registered in advance of enrollment of partici-
pants. There are two key reasons. First, this pro-
tects against what is called publication bias. In this
situation, authors—particularly those testing com-
mercial products—only publish positive results
and inflate the effectiveness of medical devices and
drugs. Or, they may hide adverse effects. Without
registration, the negative trials are in the shadows.
Second, the registration of the study objectives,
methods, and analysis plan establishes an a priori
commitment to the outcome measure. Otherwise,
there is a tendency of investigators to pick and
choose among outcomes to report, after they have
analyzed the data. Reporting quality continues to
be low even after registration requirement policy
implementation at journals [15].

Internationally, the World Health Organization
International Clinical Trials Registry Platform
(ICTRP) is a network of prospective trial regis-
tries [16]. Trials registered at ICTRP site receive
a Universal Trial Number (UTN) which is then

Table 2.2 Elements of the World Health Organization
Trial Registration Data Set*

1. Primary Registry and Trial Identifying Number
. Date of Registration in Primary Registry
. Secondary Identifying Numbers
. Source(s) of Monetary or Material Support
. Primary Sponsor
. Secondary Sponsor(s)
. Contact for Public Queries
. Contact for Scientific Queries
9. Public Title
10. Scientific Title
11. Countries of Recruitment
12. Health Condition(s) or Problem(s) Studied
13. Intervention(s)
14. Key Inclusion and Exclusion Criteria
15. Study Type
16. Date of First Enrollment
17. Sample Size
18. Recruitment Status
19. Primary Outcome(s)
20. Key Secondary Outcomes
21. Ethics Review
22. Completion Date
23. Summary Results
24. Individual Clinical Trial Participant-Level Data
Sharing Statement

03N LB W

* http://www.who.int/ictrp/network/trds/en/
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included in publications from the trial. Table 2.2
describes the 24 elements of the Trial Registration
Data Set [17]. Many individual countries have
registries that partner with the ICTRP.

In the United States, clinical trials are registered
with ClinicalTrials.Gov [18] administered by the
US National Library of Medicine, part of the
National Institutes of Health. Section 801 of the
Food and Drug Administration Amendments Act
of 2007, known at FDAAA 801, requires registra-
tion of clinical trials and their results where the
studies involve medical devices, drug, and biolog-
ics. Data element definitions, templates, and check-
lists are available on the clinicaltrials.gov website.
The required data is similar to that of ICTRP.

Registries do not charge a fee and are search-
able electronically.

2.1.11 Staff Training and Certification
Including Calibration and
Fidelity

A critical part of trial planning and execution is
formal staff training [19]. This is true whether the
objectives of a trial involve testing a medical
device or drug or a behavioral intervention. The
protocol will outline the training objectives and
general approach to training. The Manual of
Procedures will contain the specific instruction
that is carried out. During the recruitment phase,
research staff members may be screening partici-
pants and obtaining informed consent. Often
investigators prepare scripts for staff members to
learn and follow. These scripts become part of the
official trial record. They are designed to be sure
that informed consent procedures approved by the
IRB are adhered to. This is particularly important
in behavioral trials where staff members may
influence the outcome of the trial by what they say.

In large or complex trials, the PI may ask staff
members to complete an examination regarding
study procedures including documentation and
data entry requirements. Others, particularly in
behavioral studies, will have staff members prac-
tice procedures under supervision and use check-
lists to evaluate and guide the correction of
behaviors. These activities result in formal certi-
fication that the staff members are prepared to

carry out the study, strictly following the proto-
col. Longer studies include periodic retraining.

In clinical trials where the outcome to be mea-
sured is a clinical oral health measure such as the
Periodontal Index, the International Caries
Detection and Assessment System (ICDAS) or
reading the results of a dental radiograph, train-
ing, calibration and assessment of examiner
agreement or reliability is required. The training
usually includes required reading and memoriza-
tion of codes, practice with a skilled examiner,
and then a calibration exercise in which the
results of examinations are compared with a gold
standard examiner. The exercise needs to include
sufficient numbers of participants that are typical
of the population to be recruited. Ten to 20 par-
ticipants are needed. In this exercise, both the
trainee examiner and the gold standard examiner
assess the same participants. The study biostatis-
tician will then calculate measures of examiner
agreement. This may be an Interclass Correlation
Coefficient (ICC) when the measure is continu-
ous or Cohen’s or Fleiss” kappa when the mea-
sure is ordinal or nominal. The method chosen
may also depend on the number of examiners.
The large statistical packages used in science
today include programs for assessing agreement.
Most studies have initial training immediately
before baseline data collection and then have
refresher training and calibration before follow-
up. Reports of clinical trials are required to
include the results of the examiner agreement.

If recorders are to write down scores vocalized
by examiners, the recorders should be trained and
should be used in the calibration exercise as they
would be used in the actual trial data collection.
Examiners should review the written results to be
sure the recorder is collecting the data accurately.
Studies where data are entered onto a tablet com-
puter or similar electronic device also require
training and testing. These devices are often pro-
grammed so that out of range or inappropriate
codes cannot be entered.

2.1.12 Flow Chart

It is helpful in planning a trial and conveying to
potential funders or regulatory reviewers how
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the trial will be carried out to construct a flow
chart. Figure 2.3 is an example of a participant
flow chart. The flow chart schematically shows
the visits a participant will make and the proce-
dures, treatments, or assessments to be carried
out. The IRB may use the information in the
flow chart to assess participant burden and

determine whether it is reasonable and justi-
fied. Similarly, the flow chart is helpful in
assessing staffing needs and planning the bud-
get. Flaws in a protocol can oftentimes be rec-
ognized after reviewing a flow chart. Templates
for constructing flow charts are widely
available.

Fig.2.3 Sample trial
flow chart

Initial Recruitment Pool

X unable to contact
(Y no answer, Z disconnect phone)

X contacted (X%)

X not recruited
(X not interested, Y not eligible)

X recruited (X%)

X did not show up to study visit

X enrolled (X%)

X incomplete data
(W missing survey data, X missing parts of
baseline clinical data, Y missing clinical data at
visit 2, Z missing clinical data at visit 3)

X complete data (X%)
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2.2  Trial Design Including

Allocation Ratio

Many trial designs are possible and the choice of a
design depends on the study objective and hypoth-
esis. A typical example of the statement of a design
might be “This is a single center randomized, dou-
ble-blind, placebo-controlled, parallel-group trial.”
A common element in studies of dental caries in
children is a cluster-randomized design. In this
case, children are clustered in schools and the
schools become the unit of randomization. A
design such as this might be chosen to avoid carry-
over effects or because it is more efficient to do
only one treatment at a given school. Cluster ran-
domization may be less efficient than simple ran-
domization because the analysis has to take into
consideration within cluster correlation.

The statement of the design should also include
the allocation ratio of participants between the active
treatment and the placebo. Most often the allocation
ratio is 1:1 because it is statistically most efficient.
It requires the fewest participants to power the trial.
Unequal allocation may be used in an initial safety
evaluation of a drug or device to maximize knowl-
edge gained about adverse effects. Investigators
may choose unequal allocation because they per-
ceive that more participants will join a trial if they
have a good chance of getting the active treatment.
There is little evidence that this helps recruitment
and can result in bias. If there is genuine uncertainty
about what treatment is better, called equipoise,
then there is no good scientific or ethical reason to
have unequal allocation. To obtain the same power,
a trial with unequal allocation requires 12% more
participants if the ratio is 2:1 and 33% more par-
ticipants if the ratio is 3:1. Reports of trials must
include a statement of why unequal allocation was
chosen. Regulators are likely to require justification
for trials with unequal allocation ratios.

2.3 Participants

2.3.1 Eligibility

The protocol for any trial includes a formal state-
ment of participant eligibility. This may include

age, sex, language spoken or read, level of educa-
tion, health status, dental condition, or other sim-
ilar information. The protocol will specify exactly
how each element is to be measured, how it is
collected (for example, in person or over the
phone), and who will collect it.

2.3.2 Exclusion Criteria

Similarly, the protocol will specify who and
why a potential participant is to be excluded.
This might be because someone is participating
in another study currently, because they might
move and be unavailable for follow-up, because
they are allergic to a study medicine, or because
they have a medical or dental condition that
complicates their participation such as when
individuals are receiving chronic antibiotic
treatment that would complicate interpretation
of effects from dental caries or periodontal dis-
ease treatments.

Effective trialists record the number of con-
tacts with potential participants and the number
and rate of inclusions and exclusions.

2.3.3 Settings and Locations Where
Data Are to Be Collected

The trial protocol should specify the settings and
locations where data are to be collected. When
working with clinics, schools, or in other similar
settings—particularly those away from the inves-
tigator’s home institution, funders, and the IRB
typically expect to see a formal letter indicating
that those who control access to the site have
reviewed the purposes of the study and have
given permission for their site to be included.
Potential investigators need to plan ahead of time
for obtaining such letters as each individual site
will have its own procedures for giving consent.
In a clinic system, this might be reviewed and
approved by a research committee. In a school
system, teachers, principals, and the school’s
legal counsel might weigh in. In other settings,
approval by a community advisory committee
may be required.
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24  Recruitment Including Dates

2.4.1 Planning for Accrual Problems
Inadequate and slow accrual or enrollment of
participants is the primary reason that trials fail.
Falling short may mean that a trial is underpow-
ered. A DSMB or funder may halt a trial if accrual
is inadequate. Planning for a trial often includes
pilot work to provide evidence that the recruit-
ment procedures and schedule are workable. For
example, if a trial is to be carried out in a school
and consent forms are sent home with the stu-
dents, what rate of return of signed consent forms
is anticipated? Will it be adequate? Is there a suf-
ficient number of individuals that meet the
recruitment inclusion criteria? Slow accrual is a
budget buster. A back-up plan is always needed.
Are there additional sites available? Will an
advertising program help?

Trialists always record the beginning and end
dates of recruitment. They often plot accrual rates
and have regular meetings with research staff to
review the progress of recruitment. If recruitment
is problematic, they initiate backup plans before
it is too late and they run out of funds, time, or
review groups or the sponsor cancels the study.

25 Preventing Attrition,

Documenting Attrition

Loss to follow-up, also called drop-out or attri-
tion, is another leading cause of trial failure.
Sample sizes are usually inflated to anticipate a
certain rate of loss to follow-up. This may
because, for example, older adults die before
being able to complete a study or because chil-
dren change schools and cannot be found. Annual
rates of attrition in US studies can exceed 10% or
15%. See, for example, a Cochrane review of
clinical studies comparing the effectiveness of
Atraumatic Restorative Treatment versus con-
ventional restorative treatment where multiple
studies found to have loss to follow-up of 20% or
more [20]. Because studies are powered to detect

a treatment effect, loss to follow-up can result in
an underpowered study where it is not possible to
reach definitive conclusions about the efficacy or
effectiveness of the study drug, device, or inter-
vention. Note, the standard for trial analysis is
“intention to treat.” This means that data for each
subject enrolled are included in the analysis, even
if the participant dropped out. It is generally not
permissible to report out trials where only data on
those who finished a trial are included in the anal-
ysis as this result will be biased.

In reporting a trial, researchers need to docu-
ment drop-outs or lost participants including
when and why attrition occurred. Flow chart tem-
plates are available as part of the CONSORT
Statement [21]. Many scientific journals expect
that such a flow chart is submitted as part of the
report of a trial. Similarly, the IRB, DSMB, and
regulators will want to see this documentation.

2.6 Interventions
How and when administered
Details that can be replicated

Trial protocols specify the detailed nature of
the treatment arms, whether they are devices,
drugs, behavioral interventions, or placebos.
They are described in sufficient detail so that the
treatment could be replicated. The protocol will
specify how and when the treatments are to be
administered and who will carry them out.

2.7 Outcomes

The trial outcomes are clearly specified a priori.
That means the investigator has a hypothesis and
that the study has been powered to detect the
effect that this outcome represents. The time
point at which the outcomes are measured is also
specified a priori. This is especially important in
blinded clinical trials because choosing the out-
come after one sees the results can result in bias.
Sometimes this is called the trial endpoint.
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2.7.1 Primary

The primary outcome is collected to test the main
hypothesis of the clinical trial. Examples of pri-
mary outcomes in caries studies might be the
ICDAS category, the number of newly decayed
teeth, or periodontal attachment or pocket depth.
It also could be the presence or absence of an
intraoral lesion or pain. It is possible to have
more than one primary outcome but not a long
list. Some studies have both a clinical outcome
and a patient-centered or patient-reported out-
come. Examples of patient-centered measures
are pain reports, satisfaction, and quality of life.

2.7.2 Secondary

Studies sometimes have secondary measures.
Often the study is not powered strongly to detect
changes in the secondary measures but they be
helpful in understanding the main trial outcome
or may allow for exploratory hypothesis testing
that will be followed up in future studies.

2.8 Advanced Data Collection

2.8.1 What Is Important to Collect
and Why, Generalizability,
and Mechanisms of Action

For trials designed to detect changes in disease
prevalence or health behaviors, it makes sense to
collect such data at baseline and again at the end
of the intervention. This allows investigators to
test the main research hypothesis—does the new
medication prevent tooth decay or did the behav-
ioral intervention help to improve the frequency
of toothbrushing? However, there are opportuni-
ties to collect data at other time points to answer
questions related to the main hypothesis. For
instance, trials may require multiple years of par-
ticipation and follow up, which could turn away
some potential participants. In these instances,
there is value in collecting pre-baseline data
before a team recruits for the intervention (e.g.,
tooth decay). After recruitment is complete, hav-
ing pre-baseline data would allow the team to

assess the degree of selection bias, interpret the
main study findings, and determine
generalizability.

Additional data can also be collected at other
time points. If there is interest in identifying pos-
sible mechanisms driving an intervention, then
interim data collection could be collected to mea-
sure these potential mechanisms (also called
mediators) [22]. For instance, self-efficacy may
be the hypothesized mechanism of a behavioral
intervention [23]. Measuring self-efficacy at
baseline and several time points during the inter-
vention would result in longitudinal data to help
test this mechanism hypothesis. When an inter-
vention ends, there is the possibility of collecting
data from participants to understand what went
well and what parts of the intervention could be
improved. Having these post-intervention data on
hand could help the research team refine inter-
ventions for future testing.

Data collection plans require careful a priori
attention to the conceptual model of the interven-
tion as well as an understanding the effects of
collecting additional data, like higher rates of
participant dropout because of increased burden,
extra staff time to collect the data, and costs of
processing the data in the lab.

29 Sample Size

In planning a trial, investigators estimate the
sample size needed to determine the difference
between treatment arms. Trials may be superior-
ity trials (e.g., the test drug is more effective than
the comparison drug or a placebo) or equivalence
trials (there is no difference between the arms). In
superiority trials, the biostatistician uses pilot
data or work from published studies to calculate
the power, that is, the probability that a test of
significance will pick detect a treatment effect
that is present, that is, the probability of rejecting
the null hypothesis. Power ranges from O to 1 and
most clinical trials have sample sizes for testing
the primary hypothesis with a power of at least
80%. Obviously, the better and more relevant the
pilot data or data from other studies, the more
likely the study will be large enough to find the
treatment effect. Power calculations are specific
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to the type of analysis that is planned. Many stud-
ies are underpowered for assessing secondary
outcomes. Power is reduced when there are
interim analyses, such as when the primary out-
come is at 2 years but the investigator also
assesses the measure at 1 year.

Studies may have built-in stopping rules.
Typically, this happens when the biostatistician
finds that a treatment is particularly effective in
an interim analysis and the DSMB finds that ethi-
cally the treatment should be available to all the
participants. However, stopping a study early
tends to over-estimate the effectiveness of the
treatment being evaluated.

2.10 Randomization
2.10.1 Method

For most trials, simple randomization is suffi-
cient. The study biostatistician can use any num-
ber of statistical programs to develop the
randomization scheme. As discussed earlier in
this chapter, the participant should have a known,
usually equal, chance of being assigned to any of
the treatment arms. Successful randomization
requires that treatment assignments cannot be
predicted in advance.

In practical terms, the biostatistician places
the coded treatment choices in sequentially num-
bered closed envelopes, which are opened by the
treating clinician only at the time of treatment.
Or, in a study of school children, all of the chil-
dren’s ID numbers are assembled in a file and are
assigned randomly to the treatment arm. Then,
class lists are prepared with child’s ID and treat-
ment code. The children may be given color-
coded cards or slips of paper that identify which
treatment they are assigned to.

2.10.2 Type (e.g., Blocking,
Stratification)

It is common that randomization is done in
blocks. For example, a study conducted in
schools may have assignments done separately
for each school. The idea behind this is to make

sure that bias is not inadvertently introduced into
the study by having extremely unbalanced arms.
Another example is where participants are first
stratified by baseline dental caries score and then
assigned to treatments within the strata.

2.10.3 Allocation Concealment (How
Random Allocation Is
Implemented)

In random assignment, allocation concealment
prevents investigators from choosing treatment
allocations for particular participants. Imagine,
for example, a clinical trial being conducted in
doctor’s offices. A participant who is enrolled in
the trial may want to receive the new treatment.
This kind of assignment would create bias and
decrease the validity of the trial results and must
be avoided. Allocation concealment involves not
disclosing to participants and those involved in
recruiting trial participants the allocation
sequence before random allocation occurs.

2.10.4 Implementation (Who Will
Generate the Random
Allocation, Who Will Enroll,
Who Will Assign Condition)

The trial protocol will specify exactly how the
assignment of participants to conditions will be
carried out. That includes, as we discussed ear-
lier, the generation of random allocation, as well
as who will enroll participants and who will actu-
ally implement the assignment.

2.11 Blinding

Blinding is the practice of not telling participants
in a clinical trial whether they are receiving a pla-
cebo or comparison treatment. In an experiment,
if the subjects in the control group know that they
are receiving a placebo, the placebo effect will be
reduced or eliminated and the placebo will not
serve its intended purpose. Similarly, examiners
and others working directly with participants or
evaluating outcomes are kept blind. A double-
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blinded design means that neither the participant
nor the investigative team are aware of whether
the treatment received or being administered is
the test device or agent or a placebo. In a pharma-
ceutical study with two treatment arms, the treat-
ments might be labeled A and B. The definition
of the codes is kept in a secure place by someone
not involved in working with participants. Often
the biostatistician is the keeper of the code. And,
codes are typically not broken or treatments
revealed until after the data are analyzed.

Behavioral studies may not allow blinding of
participants or staff members administering the
interventions. In this case, examiners are not
informed of the assignments and collect outcome
data in a blind fashion. As with drug or device
studies, data may be analyzed before the codes
are opened.

2.12 Statistical Methods

The biostatistician is a critical member of the
investigative team. This individual participates in
the design of the study and writing of the proto-
col as well as in the analyses of the data.
Experienced investigators know that bringing in
the statistician after a study is poorly designed is
a big mistake. Generally, sponsors or funders
expect that the team will include a biostatistician
and country regulators, such as the FDA, are
unlikely to accept studies done without such a
person on the investigative team.

We advise new investigators to create mock
data sets and attempt the planned analyses before
any participant is enrolled or any data are col-
lected. This allows the novice investigator to
carefully assess whether the planned analysis
approach will yield the intended test of the
hypothesis.

2.12.1 Intention to Treat Versus Per
Protocol

Primary tests of hypotheses in clinical trials fol-
low the “intention to treat” principle. This
means that every participant who is enrolled and
for whom there are some data is included. Drop-

outs and participants lost to follow-up are
included. Reputable scientific journals will not
publish the results of trials that do not follow
this principle. In contrast, one can find many
older studies—especially commercially spon-
sored studies—where the data were analyzed
“per protocol.” This means that only the data
from subjects with complete records are
included in the analysis of results. This biases
upwardly the effects of the study agent.
Sometimes, per protocol analyses are conducted
secondarily to explore possible treatment effects
when studies are underpowered.

Itis beyond the scope of this chapter to address
in detail the statistical approaches to analyzing
clinical trial data. Nevertheless, clinical trials ask
relatively straightforward questions and the first
test of a hypothesis should be simple and unad-
justed. The biostatistician will check the impact
of randomization on the balance of the levels of
moderators that might impact the strength of the
effect of the treatment. Examples of moderators
are age and sex. Within a caries study in children,
for example, age may impact the number of teeth
at risk or the length of time the teeth have been in
the mouth and at risk. The randomization process
aims to balance these factors within the groups.
Randomization in caries studies is often stratified
by the number of carious lesions at baseline to
avoid imbalance. Additional analyses may adjust
for such factors. Also, regression models have
been developed that account for the often skewed
distribution of dental caries where many teeth or
people have none or very low numbers of lesions.
Models that include effect modifiers are useful
secondary analyses to generate hypotheses for
future research.

2.13 Data Security

It is the responsibility of the PI to maintain the
security of clinical trial data. The security of
personally identifiable data in the United States
is governed by the Health Insurance Portability
and Accountability Act of 1996 (HIPAA). IRBs
review plans for data security. Data forms and
computer files contain identification numbers
instead of participant names and the list of
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names and codes is stored separately. Paper
forms are in locked cabinets and rooms acces-
sible only to authorized investigators. Computer
files are password protected. Studies regulated
under the US FDA and many other government
organizations must use data management sys-
tems. The standards are contained in Chapter
21 CFR Part 11 of the Code of Federal
Regulations. FDA employs auditors who review
the trial documentation to determine at the proj-
ect level if a study is compliant. Data security
and confidentiality are included in the training
required of investigators and research staff
members.

2.14 Harms

Study drugs or other interventions have the
potential to cause harm. These unexpected out-
comes are called Adverse Effects (AE) in formal
parlance. AEs are different than known side
effects. Table 2.3 describes the typical AEs that
are collected in sophisticated clinical trials. Most
AEs are unrelated to the study but are nonethe-
less captured in a consistent way. For submission
of trials to country regulators such as the FDA,
24-48 h in-person post-treatment checks for all
participants are desired. In other studies, partici-
pants may be sampled or follow-up may be done

Table 2.3 Examples of adverse effects within clinical trials?

Mild
Asymptomatic or
mild symptoms;
intervention not
indicated

Transient flushing
or rash, drug fever
<38 °C (<100.4 °F);

Adverse event
Oral mucositis by exam
(e.g., erythema, ulceration)

Allergic reaction (e.g.,
difficulty swallowing or
breathing, swelling around

Moderate

Moderate pain; not
interfering with oral intake;
modified diet indicated

Intervention or infusion
interruption indicated;
responds promptly to

Severe

Severe pain; interfering with oral
intake

Prolonged (e.g., not rapidly
responsive to symptomatic
medication and/or brief

the lips or skin of the face,
itchiness around the lips or
skin of the face, hives, or
rash)

Anaphylaxis

Vomiting

Gastrointestinal pain (e.g.,
stomachache)
Diarrhea

Nausea

intervention not
indicated

1-2 episodes
(separated by
5 min) in 24 h
Mild pain

Increase of <4
stools per day over
baseline

Loss of appetite
without alteration in
eating habits

symptomatic treatment (e.g.,
antihistamines, NSAIDS,
narcotics); prophylactic
medications indicated for
<24h

3-5 episodes (separated by
5 min) in 24 h

Moderate pain; limiting
instrumental ADL
Increase of 4-6 stools per
day over baseline

Oral intake decreased
without significant weight
loss, dehydration, or
malnutrition

interruption of infusion);
recurrence of symptoms following
initial improvement;
hospitalization indicated for
clinical sequelae (e.g., renal
impairment, pulmonary infiltrates)
Life-threatening consequences;
urgent intervention indicated or
death

Symptomatic bronchospasm, with
or without urticarial; parenteral
intervention indicated; allergy-
related edema/angioedema;
hypotension

Life-threatening consequences;
urgent intervention indicated or
death

>6 episodes (separated by 5 min)
in 24 h; hospitalization

Severe pain; limiting self-care
ADL

Increase of >7 stools per day over
baseline; incontinence;
hospitalization

Inadequate oral caloric or fluid
intake; tube feeding, TPN, or
hospitalization

* Adapted from Advantage Protocol 2019-10-19 Phase 2 Efficacy & Safety Evaluation of Advantage Anti-Caries Varnish
for Primary Prevention with permission. Sponsor Contact: Peter Milgrom, DDS
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by telephone. Investigators are asked to assess
the degree to which an AE is related to the study
device or drug. Major trials have a medical moni-
tor who reviews AE reports. The FDA and many
other country regulators have strict requirements
for reporting severe AEs in a timely way. Mild or
moderate AEs are normally reported in annual
reports to the regulator.

AEs are reported by organ systems and are
internationally standardized. Coding is done by
the investigator using the Medical Dictionary for
Regulatory Activities (MedDRA) based on the
AE reports after they have been reviewed by the
study Medical Monitor [24]. Training is available
on the MedDRA website and through courses
and webinars offered to investigators and study
staff. MedDRA are both downloadable and avail-
able online. MedDRA is under the direction of
the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use (ICH). MedDRA is available upon
subscription. The summary report of AEs should
be included in the Harms section of published
reports of all trials.

2.15 Limitations

As with the analysis, we often advise new inves-
tigators to write the limitations section of their
report before the study is initiated. A study plan-
ner who is aware of the limitations of the approach
chosen may elect to modify or enhance the design
or at a minimum recognize what he or she will
able to conclude from the study. The limitations
include issues of reliability of measurement and
limitations to internal or external validity.

2.16 Generalizability

2.16.1 External Validity
and Applicability

External validity is the appropriateness of
applying the conclusions of a clinical trial out-
side or beyond the context of that study. In other
words, applicability is the extent to which the

results of the study can be generalized to and
across other situations, people, and times. A big
issue in drug research is the need to study treat-
ments for children in children and not just
adults. The FDA, for example, requires investi-
gators to develop a Pediatric Study Plan provid-
ing assurance that children are included in the
study population. A historical example is where
gingivitis studies were conducted were con-
ducted in male participants only, because inves-
tigators felt that effects of menstruation would
interfere with the measurement of gingival
inflammation. Results of studies not conducted
on women may not be valid for women. These
validity issues extend to race or to socioeco-
nomic status as well.

2.17 Publishing the Protocol
of a Trial

Journal choices
Peer review

Today many investigators publish the peer-
reviewed protocols for trials. Journals have
evolved that publish the protocols. Examples are
Contemporary Clinical Trials, Trials, BMJ Open,
and others. These papers go further than the rela-
tively simple listings in the clinical trials regis-
tries. If the protocols have been formally peer
reviewed, they often are not sent out for review
again but instead published as written. This can
provide a publication for younger investigators
involved in trials who may have to wait several
years before being able to have anything in the
literature and whose advancement in academic
settings might be impacted. Protocols that have
not had formal peer review by a funder can still
be published. In this case, the journals will follow
their normal peer review process.

2.18 Publishing Results of a Trial

CONSORT statement
Journal choices
Conflict of interest
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The publication of clinical trials has largely
been standardized internationally by the publica-
tion of the Consolidated Standards for Reporting
Trials (CONSORT) [21]. The comprehensive
CONSORT site provides guidance on the elements
required for a trial publication, extensions for dif-
ferent designs, and useful templates and checklists.
The CONSORT Statement is endorsed by leading
scholarly journals in dentistry and medicine. One
should not submit a clinical trial report to a journal
that does not endorse the CONSORT Statement.

A special concern in clinical trials of devices
and drugs is conflict of interest. One has only to
turn to the major newspapers to find reports of
published research that may have been biased by
investigators who have received, but not publicly
acknowledged, payments or other rewards for
their participation in research. Such investigators
may hold patents or other valuable intellectual
property. The peer review process is intended to
secure the scientific integrity of the trial and
report. Public disclosure of potential conflicts of
interest are intended to clarify the role of con-
flicted individuals in the collection, analysis, or
interpretation of trial findings. This does not bar
individuals from participating in the publication
of the research.

2.19 Case Scenario Exercise

2.19.1 Case Scenario

You are the Dental Director a large com-
munity health center that serves low-
income populations. Over 90% of the
adults in your clinic are enrolled in
Medicaid. Most of these adults come in for
regular check-ups every 6 months.
However, many of the adults present with
recurrent tooth decay at these check-ups.
You and your staff have identified poor
diet, particularly too much added sugar
intake, as the source of the problem.

Questions
1. What are potential intervention strategies?
2. What is the importance of an advisory group?
How would you assemble an advisory group?
3. What is your selected intervention and what
is the main outcome?
4. How will you fund your intervention?
5. What are the steps involved in obtaining IRB
approval for your intervention?
6. What type of special training will be needed
for your study staff?
7. What are the inclusion and exclusion criteria
for your intervention?
8. What is your participant recruitment plan?
9. How will you prevent attrition during your study?
10. What are potential harms of your interven-
tion and how will you monitor for these dur-
ing the intervention?
11. Complete the CONSORT Statement for your
study.

Answers
1. What are potential intervention strategies?
— Chairside motivational interviewing inter-
vention to improve diet
— Home-based intervention to
meal quality
— App-based intervention to monitor and
reduce added sugar intake
2. What is the importance of an advisory group?
How would you assemble an advisory group?
— See Sect. 2.1.3
3. What is your selected intervention and what
is the main outcome?
— Respond depends
4. How will you fund your intervention?
— See Sect. 2.1.6
5. What are the steps involved in obtaining IRB
approval for your intervention?
— See Sect. 2.1.8
6. What type of training will be needed for your
study staff?
— See Sect. 2.1.11
7. What are the inclusion and exclusion criteria
for your intervention?
— See Sect. 2.3

improve
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10.

11.

. What is your participant recruitment plan?

— Chart review and direct contact

— Fliers placed in waiting room

— Recruitment in waiting room

How will you prevent attrition during your

study?

— Provide incentives for participation

— Collect information on alternative ways to
contact participant (e.g., phone, e-mail,
text, contact for family member or friend)

— Create social media page with study
updates to keep participants engaged

— Keep study obligations for participants
simple

What are potential harms of your interven-

tion and how will you monitor for these dur-

ing the intervention?

— See Sect. 2.14

Complete the CONSORT Statement for your

study.

— See Sect. 2.18
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3.1 Introduction

Public health is a broad field that encompasses
four dimensions: the health of a whole society;
the specific policies, services, programs, and
efforts to protect, promote, and restore people’s
health and its determinants; the institutions—
either public or private—that aim to plan,
develop, fund, and implement such efforts; and
the scientific disciplines and professions [1].
More specifically, dental public health (DPH)
may be defined as “the science and art of prevent-
ing and controlling dental diseases and promot-
ing dental health through organized community
efforts. It is that form of dental practice which

P. Nadanovsky (<)

Department of Epidemiology, National School of
Public Health, Oswaldo Cruz Foundation (Fiocruz),
Rio de Janeiro, Brazil

Department of Epidemiology, Institute of Social
Medicine, Rio de Janeiro State University,

Rio de Janeiro, Brazil

e-mail: paulo.nadanovsky @fiocruz.br; nadanovsky @
ims.uerj.br

A. P. P. dos Santos

Department of Community and Preventive Dentistry,
School of Dentistry, Rio de Janeiro State University,
Rio de Janeiro, Brazil

R. Kohli

Division of Dental Public Health, School of
Dentistry, Oregon Health & Science University,
Portland, OR, USA

e-mail: kohli@ohsu.edu

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024

serves the community as a patient rather than the
individual. It is concerned with the dental health
education of the public, with applied dental
research, and with the administration of group
dental care programs as well as the prevention
and control of dental diseases on a community
basis” [2]. However, it should be noted that the
view that DPH is concerned with the oral health
of the community while the clinical dental disci-
plines and personal dental care are concerned
with the oral health of the individual may not be
helpful as it implies, wrongly, that the public
health approach has little to contribute to the care
of the individual patient.

The experimental (or interventional) epidemi-
ological study, preferably the randomized con-
trolled trial (RCT), is the design better suited to
answer DPH questions; the experimental study
includes clinical trials (with patients), field trials
(with healthy people), and community interven-
tion trials (with the intervention assigned to
groups of healthy people).

A clinical trial is an experiment designed to
test the hypothesis that an intervention (a drug, a
procedure, or a technique) favorably alters the
natural history of a disease or condition. At least
two groups are included: the test (experiment or
intervention) group, which is compared to a con-
trol group. The control group represents the natu-
ral history of the disease in a group similar to the
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Table 3.1 Types of experimental (or interventional) epidemiological studies

Types of experimental ~ Study

epidemiological studies population Recruitment of participants

Clinical trials (including Patients Patients in health services

cluster randomized

trials)

Field trials (including Healthy People in households,

cluster randomized people workplaces or schools

trials)

Community intervention Groups of Schools in neighborhoods;

trials healthy neighborhoods in regions; cities
people in countries; countries

test group.! Many aspects should be considered
in order to ensure the validity of the results from
this study design, such as randomization, alloca-
tion concealment, baseline comparability, blind-
ing, missing data, and outcome selective
reporting.

In the field trials, the recruitment of partici-
pants generally takes place at the participant’s
residence, workplaces, or schools; and not at the
health service location. They are typically
recruited to evaluate the effectiveness of preven-
tive interventions of either common or serious
diseases. Oral diseases are common and, there-
fore, suitable for field trials. It is difficult to
develop an efficient field trial when the incidence
of the disease is low. In this case, it is necessary
to enroll a large number of participants or high-
risk groups to gain efficiency. Field trials in
which the treatment is randomly assigned to
groups of participants are known as cluster ran-
domized trials. An important aspect to be high-
lighted is that in studies in which the allocation is
at the group (cluster) level, the unit of analysis
can be the group or the individual. Analysis at the
individual level is more desirable because it
reduces the loss of information, but requires that
the cluster effect be taken into account. This
effect can be quantified by calculating the intra-

! Alternatively, the control group may represent not the
natural history of the disease, but the history of the disease
in a similar group who is receiving another intervention,
usually the standard intervention (standard care).

Intervention
A drug; a procedure; a technique
(individual intervention)

Fluoridated toothpaste; dental sealants
(individual intervention)

Fluoridated water; legislation limiting
sugar promotion; a new school
curriculum (intervention on a
community-wide basis)

class correlation coefficient (ICC), defined as the
proportion of the total variance (i.e., the variance
between individuals plus the variance between
the groups) that can be attributed to the variation
between groups.

The community intervention trial is an exten-
sion of the field trial that applies an intervention
on a community-wide basis. For example, fluo-
ride in the toothpaste and dental sealants are
administered through individual tubes and
professional-patient dyads encounters, respec-
tively; thus, these measures can be applied to one
specific individual while refrained from another
individual within the same group. On the other
hand, fluoride in the water and legislation limit-
ing sugar promotion are administered through the
water supplies and promulgation/implementation
of laws, respectively; these measures cannot be
applied to one individual and not to another in the
same community. They can only be applied to the
whole community, and so they could not be stud-
ied in a conventional field trial, only in a com-
munity intervention trial (see Table 3.1).

Some oral health and dentistry themes are
central for the practice of DPH and were the
focus of major experimental studies. These
included clinical, field, and community interven-
tion trials. We selected some of them in order to
illustrate the importance of the experimental
studies for the practice of DPH as discussed
below. Table 3.2 summarizes these important
themes that were (or should be) the focus of
experimental epidemiological studies in DPH.
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Table 3.2 TImportant themes that are central for the practice of Dental Public Health and were (or should be) the focus

of experimental epidemiological studies

Effect of
intervention or
exposure
Reduces caries

Theme
Water fluoridation

Fluoride toothpaste ~ Reduces caries
Sugar Increases
caries

Pit and fissure Reduces caries

sealants

The 6-monthly Does not
dental check-up benefit oral
health
Professionally Reduces caries
applied fluoride Arrests
cavitated

dentin caries

Fluoride mouth rinse Reduces caries

Supervised Reduces caries

toothbrushing

Study type
Community
intervention trials

Mainly field trials,
but also community
intervention trials
of toothpaste
distribution

Field trials

Clinical trials

Clinical trials

Clinical and field
(including cluster)
trials

Clinical and field
(including cluster)
trials

Field trials

Evidence
Strongly in
favor of the
intervention

Strongly in
favor of the
intervention

Strongly
against the
exposure

Strongly in
favor of the
intervention

Against the
intervention

Arguably in
favor of the
intervention

Arguably in
favor of the
intervention

Arguably in
favor of the
intervention

Comment

In the presence of widespread use of
fluoride toothpaste, the

additional benefit of water fluoridation
has not been clearly established

The use of standard fluoride
toothpaste is the default; to
recommend any other form of fluoride
delivery, in addition to toothpaste, one
should demonstrate that this will bring
clinically relevant additional benefit
that is more cost-effective than
fluoride toothpaste alone. To date, this
has not been demonstrated

Different strategies can be tested in
order to assess the effects of sugar
restricting measures on caries. One of
these strategies is taxing sugar; no
RCTs have been performed reporting
on dental caries, only model-based
studies. Individual level RCTs to test
measures to reduce sugar consumption
should be generally discouraged.
RCTs assessing the effects of nudge
on sugar reduction are welcome
Cost-effectiveness studies are needed.
There seems to be no evidence of the
effectiveness of sealants in adults, and
insufficient evidence on primary
dentition and on the comparison
between different materials

RCTs to assess the benefits and harms
of dental check-up are needed;
primary outcomes should include
tooth loss, dental pain and cavities
More RCTs are needed in order to find
out whether fluoride gel/foam adds
any benefit for people already using
fluoride toothpaste. Cost-effectiveness
analyses are needed on varnish

More RCTs are needed in order to find
out whether fluoride rinse adds any
benefit for people already using
fluoride toothpaste

Whether toothbrushing supervision
increases the anticaries effect of
fluoride toothpastes is still an open
question

(continued)
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Table 3.2 (continued)

Effect of
intervention or

Theme exposure Study type

Dental fillings for the Does not Clinical trial

treatment of caries in benefit oral

the primary dentition health

Screening and Reduces caries Clinical and field

interventions to (including cluster)

prevent dental caries trials

in children younger

than age 5 years

Dental care delivery — Improves Mainly

systems access to observational
dental caries  longitudinal studies
treatment

3.2  Water Fluoridation

Water fluoridation is considered, by the USA
Centres for Disease Control and Prevention, as
one of the 10 great public health achievements of
the twentieth century [3]. Epidemiology books
[4, 5] cite water fluoridation as a remarkable
achievement in public health and an example of
an epidemiologic approach that clearly demon-
strates a causal relationship, that is, fluoride-
reducing dental caries.

Already in the 1940s, observational epidemio-
logical studies had signaled that fluoride in the
drinking water was associated with marked lower
dental caries levels. The first two controlled
experimental studies in the United States to add
fluoride to a community water supply in order to
bring the fluoride concentration up to 1 ppm
began at Grand Rapids-Muskegon, MI [6] and at
Newburgh-Kingston, NY in the 1940s [7].
Another important study took place in the
decades of 1950 and 1960 at Tiel and Culemborg,
The Netherlands [8]. The three studies showed
lower caries incidence in the cities in which fluo-
ride was added to the water supply.

These studies are good examples that if only
two communities are involved in a study, and
only one of them will receive the intervention, it

Evidence Comment

Strongly Despite the existence of a

against the methodologically sound, pragmatic,

intervention  large trial in the UK, similar RCTs
should be replicated in other countries

Varies by the RCTs needed on the accuracy of oral

type of health examination and caries risk

intervention  assessment by primary care clinicians,
primary care referral for dental care,
and effective parental and caregiver/
guardian educational and counseling
interventions

Arguably in  The studies in this area have mostly

favor of the utilized observational longitudinal

intervention  study design. RCTs are lacking. One

suggestion is to use cluster RCT
design and compare patient outcomes
via different delivery models

is irrelevant whether the intervention is randomly
assigned because differences in baseline charac-
teristics will have the same magnitude irrespec-
tive of the method of assignment [5]. In this case,
the distribution of the intervention (fluoridation
of the water supplies) should be planned in order
to ensure maximum comparability between the
two communities (the groups). In other words,
the investigator should try to choose two com-
munities that are as similar as possible with
regard to the known factors that may influence
the outcome (caries incidence), such as income
(income may be a proxy for sugar consumption
and use of effective caries preventive measures
such as dental sealants).

A review of water fluoridation collated the
evidence from 107 studies that were included in a
quantitative synthesis [9]. The three classic com-
munity intervention trials mentioned above were
among these and were classified as “prospective
observational studies” or “controlled before-and-
after studies.” The main findings were a reduction
of 35% and 26% in caries in primary and perma-
nent teeth, respectively, and an increase of 15%
and 14% in the percentage of children free of car-
ies in primary and permanent teeth, respectively.
The authors emphasized that as most studies
dated from before 1975 (71%), prior to the time
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when the use of fluoridated toothpaste was wide-
spread, the benefit of water fluoridation may not
be the same nowadays. Therefore, they concluded
that “there is very little contemporary evidence...
that has evaluated the effectiveness of water fluo-
ridation for the prevention of caries.”

Opverall, the review concluded that water fluo-
ridation is effective at reducing dental caries in
both primary and permanent teeth of children and
that there is a significant association between
dental fluorosis—regardless of the level—and
fluoride level in the water. However, the authors
emphasized that the observational nature of the
study designs, the high risk of bias and heteroge-
neity in the included studies, and the applicability
of the evidence to current lifestyles limit their
confidence in the estimates. Studies assessing
fluorosis are generally more recent than those
assessing caries. Nowadays, there are several
other sources of fluoride available but this is gen-
erally disregarded among the studies, so the risk
of different levels of fluorosis attributed to water
fluoridation remains unclear.

The main (implicit) conclusion of this review
appears sound; that, in the presence of wide-
spread use of fluoride toothpaste, the addi-
tional benefit of water fluoridation has not been
clearly established. However, this review has
been rightly criticized because the authors used
inclusion criteria that were exceedingly restric-
tive, leaving out a large amount of relevant evi-
dence, especially considering the important role
of water fluoridation for public health [10].
Another limitation of this review was the absence
of an explicit aim to assess the benefit of water
fluoridation in communities where there is wide-
spread use of fluoridated toothpaste. Maybe, it
was this very exaggerated restrictive inclusion
criteria that did not allow the authors to answer
this important public health question. Also,
authors applied misplaced criteria to judge the
adequacy of the study design and the risk of
bias; water fluoridation is a community interven-
tion, thus the feasible (and correct) study
design to assess its effectiveness is the commu-
nity intervention trial, not the traditional individ-
ual clinical RCT. However, the authors of the
review applied the risk of bias tool used for indi-

vidual clinical RCT to judge the risk of bias in
water fluoridation community trials. In addition,
as stated by Rugg-Gunn, “In many cases it is sim-
ply impossible to make recommendations for
public health interventions and policy if reliance
is only placed on RCTs” [10].

3.3 Fluoride Toothpastes

Fluoride toothpaste is a highly effective anticar-
ies intervention. Toothbrushing with a toothpaste
is a cheap and well-established oral hygiene daily
routine. The addition of fluoride to toothpastes
makes this form of fluoride application easy to
implement, as it does not interfere with habits
already established and it does not demand peo-
ple to seek professional help in order to obtain
access to fluoride. Since the 1940s, more than
100 trials have been conducted to test the effects
of different fluoride toothpastes on caries control.
Some trials have compared fluoride toothpastes
to placebo toothpastes, others have com-
pared toothpastes with different fluoride concen-
trations, and others have compared toothpastes
with different fluoride agents. Varied age groups
have been involved, from preschoolers to elderly
people. Some have assessed the effect of fluoride
toothpastes on coronal (enamel, dentine, and
enamel plus dentine) caries while others have
included root caries. Despite the vast amount of
studies on the subject, it was not until the late
1990s and early 2000s that a systematic synthesis
of these studies has been published. Today, the
amount of evidence available from RCTs enables
us to rely on the results of several systematic
reviews on the subject [11-17].

Two reviews played important roles in answer-
ing whether fluoride toothpastes are effective in
the reduction of dental caries incidence. The first
one, published in 2003, included 74 trials com-
paring fluoride toothpaste of any concentration
versus placebo, and only five of these trials were
not in school settings [11]. In the majority of
these trials, toothbrushing was unsupervised at
home, so the effect assessed was the distribution
and recommendation to use the toothpaste. To be
included, trials must have ensured blinded out-
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come assessment and follow-up of at least 1 year,
as the primary outcome was caries at the dentine
level and trials with shorter follow-up periods
would not allow enough time for caries progres-
sion to reach the dentine. Most trials were cau-
tious to ensure that only one type of toothpaste
was available in each household; this is important
in field trials in order to avoid contamination of
the interventions between the groups being com-
pared. The review excluded trials that applied any
additional active agent or caries preventive mea-
sure, such as chlorhexidine, fluoride varnish, or
mouth rinse. Also, as information about the fre-
quency of toothbrushing was not available from
many trials, the authors of the review assumed, in
those trials, that toothbrushing was performed
once per day by the child. This review found that
fluoride toothpastes significantly decreased the
incidence of caries. This effect was higher with
higher baseline caries level, higher concentration
of fluoride, higher frequency of toothbrushing,
and supervised use. Exposure to water fluorida-
tion did not modify the reduction in the incidence
of caries caused by fluoride toothpaste.

Another review updated the evidence on the
anticaries effects of toothpastes with different
fluoride concentrations [16]. In this review, 96
trials were included, either comparing fluoride
toothpastes to placebo or toothpastes with differ-
ent fluoride concentrations. This review sup-
ported the benefits of fluoride toothpaste in
preventing caries when compared to non-fluoride
toothpaste and showed a dose—response effect for
children and adolescents; the higher the concen-
tration of fluoride, the larger the magnitude of the
anticaries effect. However, most studies com-
pared 1000-1500 ppm fluoride toothpastes with
non-fluoride toothpastes, so there is still uncer-
tainty on the effects of other fluoride concentra-
tions. Also, some toothpastes available in the
market use different agents in their formulation,
and the extent to which these agents could
enhance (or reduce) the anticaries effect of the
fluoride in the toothpaste is not established yet.

Regarding the primary dentition, the evidence
on the effects of low (<600 ppm) versus standard
(1000-1500 ppm) fluoride toothpastes has also
been systematically reviewed [13]. The use of

low-fluoride toothpastes by preschoolers should
not be recommended as they increased the risk of
caries (compared to standard fluoride toothpaste)
and did not reduce the risk of aesthetically objec-
tionable fluorosis in upper permanent anterior
teeth. The largest trial included in this review was
carried out in non-fluoridated districts of England,
but where most toothpastes in the market con-
tained fluoride [18]. The trial was designed pri-
marily to evaluate the effects on caries of
regularly supplying free fluoride toothpaste
through the mail to children from the age of
12 months to 5 years. There were three compari-
son groups: 1450 ppm fluoride toothpaste,
440 ppm fluoride toothpaste, and a control
group receiving no toothpaste through the mail.
Thus, this trial investigated, rather than the effi-
cacy of the products per se, one public health
strategy of delivering an effective product, that is,
fluoride toothpaste. For this reason, the design of
this trial differed from that of a conventional
RCT. It demonstrated that a program distributing
free 1450 ppm fluoride toothpaste provided a sig-
nificant clinical benefit for high caries risk chil-
dren living in deprived, non-fluoridated districts.
When these children were 8—10 years old, dental
fluorosis was assessed using standardized digital
photographs of the anterior teeth and there was
no increased risk of aesthetically objectionable
fluorosis [19]. This type of community interven-
tion trial is valuable to test new creative ways of
delivering fluoridated toothpaste to populations
around the world living in diverse conditions,
especially in vulnerable deprived communities.
Finally, we would like to mention the recom-
mendations given by the authors of one system-
atic review on this theme [16]: “The choice of
fluoride toothpaste concentration should also be
informed by concurrent fluoride use whether
from self-care measures (e.g. fluoride mouth-
rinse, community water fluoridation) or profes-
sionally applied sources (e.g. fluoride varnish),
and consideration of the risk of fluorosis in the
developing dentition of younger children.” The
adoption of measures such as fluoride varnish or
any other professionally applied fluoride should
not take precedence over fluoride toothpaste,
especially from a public health perspective. On
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the contrary, there is no justification to recom-
mend more expensive measures that are not more
effective than fluoride toothpaste (or that do not
bring clinically relevant additional benefits). As
already stated, fluoride in the toothpaste relies on
toothbrushing, which is a cheap and well-
established routine that does not interfere with
daily habits and does not create unnecessary
dependency on dental services. The implementa-
tion and maintenance of professionally applied
fluoride programs, even outside clinical settings,
demand extra training and allocation of person-
nel and resources. The use of standard fluoride
toothpaste is the default; to recommend any other
form of fluoride delivery, in addition to tooth-
paste, one should demonstrate that its delivery
will bring clinically relevant additional benefit
that is more cost-effective? than fluoride tooth-
paste alone. To date, this has not been
demonstrated.

3.4  Sugar
Despite being considered a multifactorial dis-
ease, dental caries is caused by sugar. The lack of
sugar halts all the chain of events that leads to the
demineralization of dental tissues [21]. However,
during the 1930s, it was still not clear whether
dental caries was a deficiency disease or a diet-
mediated disease. At that time, oral health was
extremely poor in Scandinavia, and a definite
study on the relationship between caries and diet
was needed [22]. This study took place from
1945 to 1954. It was a controlled field trial with
436 Swedish mentally handicapped people living
in the Vipeholm Hospital [23].

This classic study was divided into different
phases, one of which aimed to examine how car-
ies activity was influenced by the ingestion of

2Cost-effectiveness = ratio of the difference in costs
between two interventions (incremental costs) and differ-
ence in the effects (incremental effects) between them
[20]. It expresses how much more it is paid, comparing
the intervention with the control group, in order to avoid
one event of an undesirable outcome (one episode of den-
tal pain, a loss of a tooth or a new cavitated dentine lesion,

e.g.).

carbohydrates under controlled conditions. There
were six experimental groups (sucrose in solu-
tion group, sugar-rich bread group, milk choco-
late group, 22—caramel group, 8—toffee group,
and 24—toffee group). The control group
received a low-sugar diet supplied only at meals.
Although a similar study would not be conceiv-
able nowadays due to ethical concerns, some
considerations of the Vipeholm study should be
highlighted: it was performed when the role of
sugar in caries (let alone in other diseases) was
not clearly established; the daily amount of sugar
offered to the participants was similar to that con-
sumed by children in the city where it took place;
and the study was planned years before the publi-
cation of the Helsinki Declaration. Also, the
study had a robust methodology, such as good
inter-examiner reliability, well-controlled condi-
tions, concerns regarding contamination among
groups and choice of a permanent population in
order to avoid losses to follow up. We should also
point out that, even nowadays, despite all the evi-
dence of the harm caused by sugar [24], sugar
consumption is incentivized by commercial
advertisement and culture in general, and author-
ities hardly ever interfere even where individuals
consume very high amounts of sugar, for exam-
ple, in Latin America [25].

This study is perhaps the most striking evi-
dence establishing frequent consumption of sugar
as a direct cause of dental caries. It unequivocally
showed that very frequent consumption of sugar
in sticky form is a direct cause of caries. The
number of caries lesions appearing in the groups
of people in the study who were eating sugar sev-
eral times each day was so great that the research
team had to change the research protocol after the
first year of the study. The between meal sugar in
these groups was stopped and then a dramatic fall
in caries increment was observed.

The findings of the Vipeholm study stimulated
research on sugar substitutes, which do not lead
to acid formation in dental biofilm [26]. One
example is a series of relatively small-scale stud-
ies that have been conducted in Finland in order
to investigate the dental, oral, and general effects
of chronic consumption of fructose, sucrose, and
xylitol —The Turku studies. One of the studies of
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this series was a 2-year trial with 125 subjects,
with a mean age of 28 years [27]. A massive
reduction in caries increment was observed in the
xylitol group. Some limitations of this trial were
the lack of sample size calculation, of blinding,
and of randomization as subjects were assigned
to groups partly on individual preference basis.
Due to ethical considerations, in the sucrose
group, the participants were not requested to con-
sume any specific number of sugar-containing
products, but were instructed to maintain their
previous usual sugar consumption. Despite the
lack of randomization, groups were balanced at
baseline regarding age, sex, and caries levels. An
important limitation in this trial design was that it
created doubts about the interpretation of the
very low incidence of caries in the xylitol group:
was it due to the absence of sucrose or also due to
a direct anticaries effect of xylitol?

Today, there is consistent evidence of moder-
ate quality showing a causal relationship between
the amount of sugar intake and dental caries
development [21, 28] and, therefore, RCTs test-
ing its effects on health outcomes are no longer
ethically acceptable. However, different strate-
gies can be tested in order to assess the effects of
sugar-restricting methods on caries. One of these
strategies is taxing sugar. No RCTs have been
performed reporting on dental caries, only model-
based studies, and all showed that the
implementation of a 20% tax on sugar-sweetened
beverages (SSB) is likely to reduce caries inci-
dence [29-31]. A broad range of different inter-
ventions potentially affecting the consumption of
SSB and its effects on health have been compiled
in a systematic review [32]. Traffic-light labeling,
increases in prices, healthier default beverages on
children’s menus in chain restaurants, and in-
store promotion of healthier beverages in super-
markets have been associated with decreasing
SSB sales. Other interventions, such as reduced
availability of SSBs in schools, government food
benefit programs with restrictions on purchasing
SSB, and improved availability of low-calorie
beverages in the home environment were associ-
ated with decreased SSB consumption. It should
be noted, however, that the certainty of the evi-
dence was low to moderate for most outcomes.

Overall, the evidence is prone to reporting bias as
studies were not prospectively registered.
Whenever possible, RCTs should be carried out
although they may not always be feasible for
population-level health interventions and, in this
case, alternatives to minimize bias should be
implemented. Also, self-report data on diet is
problematic. The evidence is not directly gener-
alizable as most studies were carried out in high-
income countries.

Reduction in sugar consumption requires
action at a community level, not at educating
individuals to change their dietary behavior alone
[33]. Therefore, experimental studies assessing
the effects of community-level interventions on
sugar reduction, and consequent oral health
improvements, are needed. Despite the anticaries
effect of fluoride and its widespread availability
in water and toothpaste (and in some communi-
ties, through professionally applied fluoride),
caries levels increase as people age [34]. Thus,
strategies to control caries without tackling sugar
intake is deemed to failure. Individual-level
RCTs to test measures to reduce sugar consump-
tion should be discouraged. In communities
where there is large availability of sugar in the
diet, it is unrealistic to expect that individuals
would behave differently from most people
around them and keep to a low-sugar diet while
everybody else does not. Also, even a relative
reduction in sugar consumption by some indi-
viduals may be insufficient if it does not cross the
threshold of the association between sugar and
caries [21, 35, 36]. There are large differences in
individual susceptibility to caries [37] and it is
difficult to obtain reliable information from indi-
viduals about their sugar consumption [32].
Finally, it has repeatedly been argued that sugar
consumption is not an important cause of caries
anymore given the high consumption of sugar by
children and their low caries levels in modern
societies, especially in rich industrialized coun-
tries [38, 39]. In trying to explain the dramatic
decline in caries that suddenly occurred in the
mid-late 1970s, even if one believes that sugar
consumption among children is high and, there-
fore, fluoride is the reason for the low caries lev-
els, one has to be aware that the strength of a
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cause depends on the distribution of other com-
ponent causes in the population. A new factor
(widespread use of fluoride in the 1970s) becomes
a strong cause if its complementary causes are
common (sugar). In other words, it is difficult to
depict a cause (sugar) if it does not vary enough
between the units of analysis (the individuals).
Thus, even believing that fluoride in the tooth-
paste is the main reason for current low caries
levels [40] does not allow one to disregard sugar
as the major cause of caries in the rich western
countries. Millions of people exposed to fluori-
dated toothpaste in these countries develop car-
ies, and the number of decayed teeth increases
significantly with age [34, 35].

The implication of all these facts is that
individual-level RCTs of sugar restriction will
likely be unable to detect the strong causal asso-
ciation between sugar consumption and caries in
modern societies. The appropriate experimental
design to study the effect of measures to reduce
sugar and caries is the community intervention
trial.

In recent years, interventions based on behav-
ioral economic theory have been increasingly
applied in order to change the environment so
that it subtly stimulates the individual to make
more beneficial choices for themselves, despite
exposure to harmful options. Nudge is any aspect
of choice architecture capable of changing the
behavior of the individual in a predictable way, to
improve decisions about health, wealth, and hap-
piness, without prohibiting any option and with-
out any significant change in their economic
incentives [41]. This approach is promising for
societal attempts to reduce sugar consumption
and improve health.

A few examples of how to assess the effects of
nudging on dietary choices are RCTs that evalu-
ate whether nudging and social marketing strate-
gies encourage employees to make healthier food
choices during their daily worksite cafeteria vis-
its [42], and whether improved positioning and
serving of fruit, accompanied by attractive label-
ing of both fruit and vegetables on offer, encour-
age children to select and consume more fruit and
vegetables in their lunchtime meal in primary
school cafeterias [43]. Both trials showed posi-

tive results, highlighting that low-cost, simple,
and creative strategies may nudge people towards
healthier food choices. This type of community
intervention trials is a promising way to improve
diet and public health in general. Specifically,
RCTs assessing the effects of nudge on sugar
reduction are welcome.

A comprehensive analysis of sugar industry’s
internal documents has shown that the sugar
industry has heavily influenced public health
research priorities, focusing on other aspects of
caries, diverting attention from the role of sugar.
This strategy included tactics such as funding
research into a vaccine against dental caries [44].
Thus, potential conflict of interest is a major con-
cern in studies assessing the effects of sugar on
health outcomes.

3.5 Pitand Fissure Sealants

Dental sealant is a professionally applied resin,
mainly on the occlusal surface of the teeth, to
prevent the appearance or progression of caries
on that surface. As this surface is the most sus-
ceptible to caries, the preventive potential of seal-
ants is great. By the end of the 1970s, several
clinical trials had already been carried out in dif-
ferent populations and the results showed that
sealants were very effective [45—48].

The research program on the effectiveness of
sealants has a large number of independent
RCTs. A systematic review including seven
RCTs that randomized 1548 and examined 1322
children found an 88% reduction in the risk of
dentine caries in permanent molars followed for
at least 2 years in children who received resin-
based sealants compared to those who did not
receive sealants. The authors estimated that in a
scenario where the incidence of caries was 400
molars per 1000, sealant application would
reduce this incidence to 63 per 1000 [49].

This review convincingly demonstrated the
effectiveness of sealants in preventing caries.
However, there are still important questions that
have not been answered. It is still necessary to
identify factors that increase or decrease sealant
effectiveness and to evaluate whether there are
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enough studies to obtain a conclusive answer as
to its cost-effectiveness [50]. For example, seal-
ant effectiveness may vary according to the level
of caries in the population, to the material used,
to the application technique employed, to the age
of the patient, to the type of tooth, and to the
stage of tooth eruption. Regarding cost-
effectiveness, it may be better to seal only teeth
that already show early signs of caries [51]. Also,
children at greater risk of developing new cavi-
ties benefited more from a school sealant pro-
gram [52, 53]. Another systematic review
concluded that sealant is equally effective when
applied to a sound surface or to a non-cavitated
carious lesion. In addition, sealant was much
more effective than the application of fluoride
varnish. In a population with a caries prevalence
of 30%, for every 1000 sealed teeth, 207 cavities
would be avoided in the next 2-3 years, com-
pared with 1000 unsealed teeth; compared with
1000 unsealed teeth that were treated with fluo-
ride varnish, 196 cavities would be avoided by
sealant [54, 55]. So, compared to sealant, the
number of cavities avoided by fluoride varnish
was negligible.

When comparing sealants to fluoride varnish,
there is some evidence favoring sealants. As the
quality of evidence as well as the number of stud-
ies are low, it is not possible to draw clear conclu-
sions about differences in effectiveness between
these two measures for preventing or controlling
dental caries on occlusal surfaces of permanent
molars. One RCT on the subject found that the
proportion of children who developed dentine
caries on at least one first permanent molar after
36 months was similar in the sealant (19.6%) and
fluoride varnish (17.5%) groups, but slightly
lower costs were observed for fluoride varnish
application. It should be noted that in this trial the
sealant used was resin-based, which requires ade-
quate moisture control and therefore should be
applied in a dental setting, while fluoride varnish
does not necessarily need to be applied within a
clinic or traditional health-care setting. Both fluo-
ride varnish and dental sealant had high accept-
ability in a school setting [56, 57]. Less than 10%
of sealants were lost during the 3-year period of
this trial. This implies that sealants could be

applied and the individual reassessed only once
every 2 or 3 years. Varnish, on the other hand,
presumably needs to be reapplied at least once
every 6 months. So, sealants can be more cost-
effective. This trial was not able to assess this
possibility because participants in the sealants
arm were reassessed once every 6 months, and
the sealants were reapplied when partially or
totally lost. Future RCTs should assess the cost-
effectiveness of different sealants, such as glass
ionomer (GI) sealants, compared to varnish, tak-
ing advantage of sealants allowing for only one
professional assessment every 2 or 3 years.

One important issue regarding trials assessing
the effectiveness of GI sealants is that the use of
retention (a surrogate outcome) instead of den-
tine caries (a true endpoint) as the primary out-
come may have misled dentists into rejecting GI
sealants in favor of resin-based sealants. Although
the retention of GI sealants is lower, they may be
as (or even more) effective in avoiding caries
cavities, as GI particles remain in the bottom of
fissures [58, 59].

It appears that the research program on the
effectiveness of sealants has reached a stage
where effectiveness has already been demon-
strated, but there is still a need for cost-
effectiveness studies. In addition, there seems to
be no evidence of the effectiveness of sealants in
adults, and insufficient evidence on primary den-
tition and on the comparison between different
materials [54].

3.6 Dental Check-Up

The 6-monthly dental check-up is arguably one
of the most popular dental public health recom-
mendations and dental programs usually include
regular clinical examinations. Paradoxically, this
is one of the least evidence-based dental public
health recommendations/measures [60]. Until
recently, there was only one RCT [61]. This trial
was carried out in the early 1990s, included 3, 16,
and 18-year-olds and lasted 2 years. The 241 par-
ticipants were allocated either to 12- or 24-month
recall intervals; 12 months were already the norm
in the study population, so the test was merely an
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extension from 12- to 24-month interval, in a
24-month follow-up study. The 24-month inter-
val group showed higher dental caries incre-
ments, but it was more economical [62].

There were several limitations in this trial.
Participation was restricted to individuals with
lower risk of developing caries: 3-year-olds with
dmft >0, 16-year-olds with DMFT >10, and
18-year-olds with DMFT >12 were not included.
Before entering the trial, all participants were
already attending for annual dental checks and
the follow-up was only 2 years. There was no
information about the randomization process
apart from a sentence stating that participants
were randomly allocated to two groups. Of the
241 who started the study, only 185 were
accounted for at the end of the 2 years, no infor-
mation was available for this nearly a quarter of
participants that were lost and there was no inten-
tion to treat or sensitivity analysis. Caries at base-
line was unbalanced between the 12- and
24-month interval groups, except among the
3-year-olds. So, already at the baseline, the
24-month interval group had higher caries levels
among the 16- and 18-years-old, suggesting that
they were more susceptible to caries. All these
problems generated a high risk of selection bias.
The examiners who assessed caries outcome
were not blinded to the intervention group of the
participants. In addition, they provided all the
dental care and assessed dmfs and DMFS incre-
ments. So, there was a high risk of performance
(care provided) and detection (caries assessment)
bias. Finally, the estimate of higher caries incre-
ment in the longer interval group was very
imprecise.

The INTERVAL dental recalls trial [63] was
registered in 2008 and the results were published
in early 2021 [64]. “This is a UK multi-center,
parallel-group, randomized controlled trial with
blinded outcome assessment. The trial is set in
Primary Dental Care, reflecting the setting within
which the vast majority of dentistry is delivered
in the UK.” The authors aimed to recruit 50 gen-
eral dental practitioners from across the United
Kingdom, including dentists in England,
Scotland, Wales, and Northern Ireland. The inclu-
sion criteria in this trial were adult patients

(=18 years of age) who were dentate and had vis-
ited their dentist in the previous 2 years in the
NHS (National Health Service UK). The trial
interventions were three recall intervals for den-
tal check-ups, that is: 24-month; 6-month; a vari-
able length interval based on patient risk
assessment (varying from 3 to 24 months). The
content of the check-up was the usual practice,
that is, clinical examination, advice, and monitor-
ing of periodontal status. For participants allo-
cated to the fixed-period recall groups (6 and
24 months), dentists were expected to provide
routine care. Not all eligible participants could be
allocated to the 24-month interval, only those
classified as low risk of dental disease. This trial
had two randomization strata, those with a high
risk of dental disease could only be randomized
to 6-month intervals or to the variable risk-based
interval arm. Only those with low risk of dental
disease could be part of the randomization strata
that included these two arms plus the 24-month
interval arm. The selection of participants to be in
one of these two randomization strata was based
on a clinical exam by their dentist prior to ran-
domization, to determine suitability for random-
ization to the 24-month recall arm. Follow-up
was expected to be 4 years. Primary outcomes
were gingival inflammation/bleeding on probing
at the gingival margin and a measure of oral
health-related quality of life (OHRQoL), specifi-
cally the Oral Health Impact Profile 14 instru-
ment (OHIP-14). The main secondary outcomes
were dental caries and periodontal pocket depth.
There were also some economic outcomes.

This trial had important strengths. The ques-
tion that it tried to answer, that is, what is the best
dental recall interval, is long overdue [60] and is
important for dental public health in relation to
oral health and in terms of dental services expen-
diture. It was a “quasi-pragmatic” trial as the
patients, health-care settings, and professionals
were an extract of the real-life situation of pri-
mary dental care within a large country and pub-
lic health system, that is, the UK NHS
(“‘quasi-pragmatic” because it did not assess true
oral health endpoints—see next). It was a multi-
center trial, with around 50 dental practices, so
that dentists of varied skills and patients of varied
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socioeconomic status were distributed to all the
comparison recall interval groups.

The main limitation of this trial is related to
the selection of the primary outcomes. Dental
caries (i.e., cavities in teeth) is the most preva-
lent disease of humanity [65, 66] with indirect
costs corresponding to economic losses within
the range of the 10 most prevalent global causes
of death [67]. It is the most relevant oral health
problem for individuals and societies, the main
cause of dental pain, infections, and work and
school days losses [65, 66]. Surely, dental
screening/check-ups must be assessed first and
foremost regarding the effect on the incidence
of caries and its direct consequences, such as
toothache, tooth loss, and need for restorative
treatment. Dental check-ups must reduce the
risks of these events in order to be considered
beneficial. However, dental caries, or its direct
consequences, was not selected as a primary
outcome in this trial. Contrastingly, gingival
bleeding on probing, one of the two primary
outcomes, is hardly ever a threat to oral health
and seldom tangible for the patient (bleeding on
probing is usually a reversible condition that
often does not cause any harm to people). The
other primary outcome, a measure of OHRQoL
(OHIP-14), is a relevant oral health outcome.
However, it is not yet established what is the
amount of change in this measure that is rele-
vant to the patient (the minimally important dif-
ference—MID [68]).

The secondary outcomes, dental caries and
periodontal pocket depth, suffer from the same
limitations as the primary outcomes. Sample size
calculation aimed to detect an effect on white
spot lesions. White spot lesions are hardly ever a
threat to oral health as they are not tangible for
the patient and a large proportion does not prog-
ress. Periodontal pocket depth was not consid-
ered in the sample size calculation. More
importantly, what is a clinically relevant effect?
Specifically, how many millimeters would shorter
recall intervals have to reduce, in how many teeth
sites and in which ages, for the effect to be con-
sidered clinically relevant?

Other important limitations were the follow-
ing: there was no true control group, that is, a

group not invited for dental check-up during the
4 years follow-up; patients classified as high-risk
were not randomized to the 24-month interval
recall group; there was no objective definition of
high-risk. The absence of a true control group
without check-up and of high-risk patients in the
24-month interval suggests that there was a pre-
sumption that these two situations were ethically
unacceptable. However, it is ethically question-
able to presume the benefit of an intervention that
may have no effect or even be harmful. Shorter
recall intervals raise dental services costs and
may increase the risk of false-positive diagnosis
and unnecessary harmful interventions.

The INTERVAL trial found no difference in
the risk for dental health between the intervals of
24-month, 6-month, and risk-based for the 30%
of adults considered suitable to be recalled at
24 months by their dentist. Thus, the authors con-
cluded that “there is no clinical benefit of a
6-monthly recall compared to a risk-based recall
or 24-month recall in those patients considered
eligible” [64].

This trial may encourage new large pragmatic
trials, as dentists may feel less opposing to ran-
domize their patients to varied and longer recall
intervals, regardless of their risk profile. RCTs to
assess the benefits and harms of dental check-ups
are still needed, as despite the admirable efforts
of the INTERVAL trial, there are questions still
unanswered. These new RCTs should be Large
Simple Trials (LST). These LSTs should be per-
formed with a large and heterogeneous group of
patients, preferably multicenter, with several
dental practices participating and obeying the
same protocol, in which the recruitment of par-
ticipants occurs with a minimum of restriction.
The intervention should be simple, inexpensive,
and not sensitive to providers’ skills. Comparison
groups should include no recall (i.e., attend only
when the participant perceives that there is a
problem) versus 12-, 24-, and 36-month inter-
vals. Standard recall visits are kept simple and
limited to a minimum standard care including the
following: clinical exam plus bite-wing radio-
graph when needed; oral health and hygiene
instructions; professional tooth-cleaning with
scale and polishing when needed; professionally
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applied topical fluoride). The outcomes should be
a few health measures that are less prone to mea-
surement error and are clearly relevant to the
patient’s life, such as tooth loss, dental pain, and
cavities.

3.7 Professionally Applied

Fluoride

Professionally applied fluoride products include
gel/foam, varnish, and silver diamine fluoride
(AgF). There are comprehensive systematic
reviews of experimental studies showing anticar-
ies effects of all of these products. One main
limitation of the evidence collated by the review
on fluoride gels is that most of the 28 included
trials were carried out in the decades of 1960—
1980; only four were carried out in the late 1990s
and early 2000s [69]. Old trials make it difficult
to perform a thorough risk of bias assessment, as
they are usually poorly reported. Also, evidence
from a time when participants were not exposed
to fluoride toothpaste put into question the extent
to which the results can be extrapolated to the
present time. In any case, the risk of selection
bias was high in the majority of the trials (due to
the inclusion of quasi-randomized trials or trials
with improper random sequence generation and
allocation concealment, and high rates of losses
to follow-up), as was the risk of performance bias
(due to inclusion of trials lacking a placebo con-
trol group that prevented blinding of participants
and personnel). Only two trials reported acute
toxicity. Although the review found anticaries
benefits associated with fluoride gels, the abso-
lute benefit will be small where the expected car-
ies increment is small. The recommendation for
dental personnel to apply fluoride gel in children
and adolescents every 6-months is based on evi-
dence from RCTs with poor methods, and
expected absolute benefits that are negligible for
each individual. In order to be able to ethically
recommend professionally applied fluoride gel,
there is a need for new evidence on the anticaries
benefit of gel, additional to fluoride toothpaste,
and, if  effective, evidence of its
cost-effectiveness.

In contrast to trials on fluoride gel, there are
many recent trials on fluoride varnish for pre-
schoolers. The American Dental Association
(ADA) considers that, for children up to 6 years
of age, it is the only fluoridated product for pro-
fessional use where the risk of adverse effects
does not outweigh the potential benefits [70].
One example is a large-scale RCT in 22 general
dental practices (GDP) in Northern Ireland [71].
In this trial, dentists screened children according
to their own GDP and those eligible were cen-
trally randomized to either the intervention group
(varnish, toothbrush, and toothpaste delivered at
the child’s dental checkup twice a year) or to the
control group (no professionally provided fluo-
ride interventions). Both groups received the
same standardized dental health advice on opti-
mal use of fluoride toothpaste and restriction of
sugar consumption. All children were caries free
when recruited at 2-3 years old; this low-risk
population comprises the majority of patients
seen in dental practices. The trial had high reten-
tion and compliance rates, but failed to keep chil-
dren caries-free. A cost-effectiveness analysis
considering a public payer perspective was car-
ried out alongside this trial and showed that the
costs of providing this preventive intervention
outweighed savings in treatment during the 3-5-
year follow-up period [72]. These findings raised
concerns about the cost-effectiveness of deliver-
ing a combined fluoride intervention designed to
prevent caries in preschoolers attending general
dental practices.

Another example of a fluoride varnish trial,
this time with a high-risk population, was a field
cluster randomized trial carried out in 52 class-
rooms with 3-5-year-old American Indians [73].
The classrooms were randomly assigned to the
intervention group (intervention consisting of
oral health promotion, fluoride varnish applica-
tions, and distribution of toothbrushes and tooth-
paste for the household, delivered by lay health
workers to children/caregivers) or to the control
group (only distribution of toothbrushes and
toothpaste for the household). At the beginning
of the trial, children in the intervention and con-
trol groups had high levels of caries (dmfs 20 and
23, respectively) and, after 3 years, no differ-
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ences in caries increment were observed. In this
trial, community tribal health workers trained to
deliver the intervention in a preschool setting
where children spent substantial time; this
resulted in high participation of children. The
participation of the community also ensured its
cultural relevance. This highlights the need to
adopt strategies to reduce losses to follow up in
RCTs, such as establishing a relationship between
the participant and research personnel by employ-
ing well-trained staff with the same social back-
ground [74].

A systematic review that aimed to assess the
effects of fluoride varnish applications on caries
and caries-related hospitalizations in preschool-
ers included 19 RCTs published between 1979
and 2018 [75]. It compared fluoride varnish alone
or associated with an oral health program versus
no intervention, usual care, or placebo. Some tri-
als included in this review randomized children
(in schools) whereas others were randomized
schools or practice settings. No information on
caries-related hospitalizations was reported. This
review found an arguably modest benefit, that is,
a lower increment of caries in the varnish group
of one surface per child or less. No significant
difference was observed at the tooth level. The
risk of developing new dentine caries lesions was
reduced by 12% among the children who received
fluoride varnish when compared to those who did
not (in a population with 50% caries incidence, it
would be necessary to apply fluoride varnish in
17 children to avoid one developing new car-
ies lesions in the next 2 years). This was a rather
modest benefit considering that many children
developed new dentine caries lesions irrespective
of fluoride varnish use [75]. This review also
showed that older studies had a poorer perfor-
mance, especially regarding selection bias. They
also were poorly reported and, therefore, had
more domains assessed as unclear risk of bias in
comparison to more recent studies. Non-
preregistered subgroup analysis showed no dif-
ferences in the risk of developing new dentine
caries in RCTs comparing fluoride varnish versus
placebo. In most trials, children were exposed to
fluoride toothpaste, and increasing the fluoride
exposure by applying fluoride varnish made

hardly any difference in the risk of developing
new caries lesions in children. Therefore, cost-
effectiveness analyses are needed.

Another vehicle for delivering fluoride is sil-
ver diamine fluoride (SDF). Although it has been
in use for a long time in some countries, such as
Brazil and China, not until recently it only
became recently popular in other countries, such
as the United States. In the United States, SDF
was cleared in 2014 by the US Food and Drug
Administration (FDA) to treat dentine hypersen-
sitivity in adults [76] and is commonly used as
off-label to arrest dental caries in adults and chil-
dren. Since then, the number of trials on SDF has
greatly increased. Its popularity is due to it being
a noninvasive caries management strategy, with
easy and quick application, making it attractive to
be applied in young children, patients with spe-
cial needs, and the elderly. There is evidence of
the effectiveness of SDF for arresting and pre-
venting coronal carious lesions in children in the
primary dentition and root carious lesions in
older adults [77-79]. Compared to fluoride var-
nish, SDF was more effective in arresting cavi-
tated caries in primary teeth [80, 81].

A well-designed 30-month RCT was carried
out including 888 3—4-year-old healthy children
from 37 kindergartens in Hong Kong [82]. The
aim was to compare the effectiveness of two con-
centrations (12% or 38%) and two periodicity of
application (once or twice a year) of SDF on
arresting cavitated dentine caries in primary
teeth. The sample size calculation took into
account the cluster effect. Eligible children were
divided into two strata according to the number
of carious tooth surfaces they presented (1-3 and
>3 surfaces) to achieve baseline balance of caries
severity among groups; they were then randomly
allocated to one of the following four treatment
groups: 12% SDF applied every 6 or 12 months
and 38% SDF applied every 6 or 12 months.
Authors stated that the lack of a non-intervention
group was due to ethical reasons. The bottles of
SDF were wrapped in aluminum foil to ensure
blinding. It should be noted that all children
received the intervention every 6 months, but in
the groups where SDF should be applied every
12 months, a placebo (“saline solution”) was
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applied in order to ensure blinding. The 38%
SDF solution was more effective in arresting den-
tine caries compared to 12% SDF, but the appli-
cation of SDF was not sufficient to prevent the
development of new caries. Apart from the black
staining on the arrested caries lesions, SDF did
not cause other adverse effects. Parental accep-
tance of the staining of caries lesions after SDF
application can significantly differ among com-
munities. Thus, future SDF trials in different set-
tings must ensure parents are fully informed
about this negative aesthetic effect.

3.8  Fluoride Mouth Rinse

Fluoride mouth rinses have been extensively used
in the last decades as a caries preventive method
in children and adolescents. They were widely
adopted in school-based programs in the 1970s
and 1980s in the form of weekly supervised
application of solutions of 0.2% sodium fluoride.
Nowadays, they are a popular self-applied oral
health-care product (daily home use of solutions
of 0.05% sodium fluoride). The most updated
evidence on the anticaries effects of fluoride
mouth rinses is a systematic review that included
37 trials; only one of these trials was carried out
in the 2000s whereas the vast majority was car-
ried out before the 1990s [83]. As with fluoride
gels, the body of evidence on fluoride mouth
rinses consists of old trials mainly with partici-
pants who were probably not exposed to fluoride
toothpaste. The extent to which this evidence is
applicable today is questionable.

The most recent trial, published in 2005, was
carried out in a non-fluoridated Swedish city
[84]. It was a 3-year RCT of a school-based fluo-
ride mouth rinsing that aimed to assess its effects
on approximal caries development in 13-year-
olds with low-to-moderate caries risk. Five
schools were included and each had five classes
within the age group—each class was random-
ized to one of the five groups: in four groups, the
intervention was mouth-rinse supervised by a
dental nurse at different intervals and the control
group did not rinse. Randomization was not
clearly described in this trial. Authors performed

no sample size calculation. All participants
brushed their teeth twice a day with fluoride
toothpaste and received fluoride varnish applica-
tions at their yearly check-ups at the public dental
clinics. Caries was assessed in bite-wing radio-
graphs with no clinical visual examination. No
information was given whether the lesions were
cavitated, at the dentine level; thus, there was no
information about how tangible/clinically rele-
vant these lesions were. Although the authors
concluded that “supervised school-based fluoride
mouth rinsing is an excellent method to prevent
caries incidence in 13-16-year-olds in low to
medium caries risk areas,” at the end of the study,
most caries lesions that developed were enamel
lesions, while new dentine lesions were negligi-
ble. Also, in all five groups, few enamel caries
lesions progressed into the dentine or to fillings.
The only “significant” effect was related to
enamel demineralization, arguably an irrelevant
outcome: the authors reported “a large” effect
(prevented fraction 59%—see Sect. 3.13.2) on
approximal caries at enamel level detected by
radiographs when fluoride mouth rinses were
used on the first and the last three schooldays
every semester (it is difficult to understand the
plausibility that few days of rinsing could reduce
3 years caries incidence). There was a drop-out
rate of 21%, including changing classes, schools
or moving out of town, bad quality of bite-wing
radiographs, and non-compliance. Also, losses
were not balanced among the groups. The lack of
an intention-to-treat analysis, as only participants
present at initial and final examinations were
included in the data analysis, introduced a high
risk of selection bias.

The above-mentioned review [83] claimed
that the anticaries benefits of fluoride mouth
rinses were so clear that additional randomized
comparisons of fluoride mouth rinses with pla-
cebo alone would be difficult to justify. However,
as already mentioned, there is no evidence on the
effects of unsupervised home use, trials are old,
with high or unclear risk of bias and the most
recent trial, where participants were exposed to
fluoride toothpaste, has failed to add relevant
information. Moreover, as in this more recent
trial, participants were exposed to other forms of
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fluoride, including toothpaste, it was expected
that the rinsing effect would be smaller than the
effect from older trials where the only fluoride
exposure was rinsing; however, this trial pre-
sented the largest preventive fraction among the
35 studies included in the DMFS meta-analysis.
This unexpected larger effect increases the uncer-
tainty regarding the risk of bias.

It is unfortunate that such a common practice
(fluoride mouth rinse) lacks robust evidence and
continues to be recommended by dentists and
adopted in public health programs. Clearly, more
RCTs are needed (including placebo comparison
groups) in order to find out whether fluoride rinse
adds any benefit for people already using fluoride
toothpaste. Provided that it does, RCTs should
include head-to-head comparisons of different
frequencies of use and types of mouth rinses, as
well as economic evaluations alongside the
trials.

Orthodontic patients with fixed appliances are
often prescribed daily fluoride mouth rinses as it
is assumed that they are at a higher risk of devel-
oping white-spot lesions [85]. However, there is
no evidence that topical fluorides reduce the risk
of white-spot lesions in these patients [86]. Only
one trial comparing fluoride mouth rinses to pla-
cebo was included in the latest update of a review
that compared the effects of different types of
fluoride on the incidence of white spot lesions
during orthodontic treatment [86]. This trial
assessed the effect of a 250 ppm F mouth rinse
compared to a placebo mouth rinse on the num-
ber of participants with new white spot lesions
measured by quantitative light-induced fluores-
cence. There was no evidence for a difference in
the outcome between the groups. This study had
a high risk of attrition bias as 33% of the random-
ized patients were lost to follow-up. Thus, the
widespread recommendation to use fluoride
mouth rinses during orthodontic treatment is not
evidence-based. The authors of this review called
for adequately powered and better-designed
RCTs, including the use of factorial designs,
which allows two or more interventions to be
simultaneously assessed and enables the evalua-
tion of possible interactions between them. Also,
the outcome should be assessed by more than one

evaluator using standard photographs. Future tri-
als should compare fluoride to placebo mouth
rinses in orthodontic patients using fluoride
toothpaste, and assess patient-reported outcomes,
such as aesthetic concerns.

3.9 Supervised Toothbrushing
Supervised toothbrushing may increase the anti-
caries effect of fluoride toothpastes. However, the
evidence in favor of supervised toothbrushing
accrued from secondary analyses that investi-
gated its role as a potential source of heterogene-
ity in trials that compared fluoride versus placebo
toothpastes [11]. Authors of RCTs of school-
based programs of supervised toothbrushing
have claimed that it reduces caries incidence, but
the trials supporting their claims lacked a proper
control group. In order to know whether tooth-
brushing supervision increases the anticaries
effect of fluoride toothpastes, the ideal head-to-
head comparison would be test and control
groups using or receiving the same fluoride
toothpaste, but in addition, the test group being
supervised during toothbrushing whereas the
control group not. This would isolate the anticar-
ies effect of the fluoride toothpaste from the
potential effect of toothbrushing supervision.
However, in some trials, there was a control
group with no intervention at all, and the type of
toothpaste used by the children in the control
group was unknown [87, 88], or the control group
knowingly used a fluoride toothpaste with a dif-
ferent concentration and formulation from that of
the test group [89]; these are not fair
comparisons.

A systematic review that aimed specifically to
assess the effects of supervised toothbrushing per
se on caries incidence in children and adolescents
found no conclusive evidence that supervised
toothbrushing increases the anticaries benefit
already provided by fluoride toothpaste [90].
Only four RCTs with proper control groups were
identified, but these were heterogeneous, had a
high risk of bias, and showed conflicting results.
Whether toothbrushing supervision increases the
anticaries effect of fluoride toothpastes is still an
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open question. That is not to say that toothbrush-
ing supervision should be dismissed, as it is
important to control the amount of toothpaste
used by children, especially preschoolers.

3.10 Management of Dental
Caries in Primary Teeth

Much time and resources are spent by dental ser-
vices to treat caries in primary teeth. However,
there was no evidence from RCT about the ben-
efits of this intervention until recently. For that
reason, attitudes towards the treatment of dental
caries in primary teeth vary widely; from com-
plete disregard due to the belief that the restora-
tion of a primary tooth is unnecessary as the tooth
will exfoliate; to valuing it due to the belief that
the placement of a filling is necessary to avoid
pain and infection.

The FICTION trial was an RCT that assessed
“(1) the clinical effectiveness and cost-
effectiveness of three strategies for managing
caries in primary teeth and (2) quality of life,
dental anxiety, the acceptability and experiences
of children, parents and dental professionals, and
caries development and/or  progression.”
FICTION was a multicenter trial set in primary
dental care in Scotland, England, and Wales,
including NHS patients aged 3—7 years who were
at a high risk of caries and had at least one pri-
mary molar with dentine caries, but no pain/sep-
sis. The three interventions compared were the
following: (1) local anesthetic, carious tissue
removal, filling placement; (2) sealing-in with
crowns, selective carious tissue removal and fis-
sure sealants; (3) dietary and toothbrushing
advice, topical fluoride, and fissure sealing of
permanent teeth. Groups 1 and 2 received their
specific interventions plus the group 3 interven-
tion. Primary outcomes were dental pain or den-
tal sepsis whereas secondary outcomes were
dental caries in primary and permanent teeth, and
the cost-effectiveness of managing dental caries
in primary teeth [91, 92].

A total of 72 dental practices were recruited
and 1144 participants were randomized (of these,
1058 were included in an intention-to-treat anal-

ysis). The median follow-up time was
33.8 months and the median number of dental
visits in each group was 7. The incidence of den-
tal pain and/or infection during the 2-3 years of
follow-up was high in all groups: around 40% in
each of the three groups. So, despite having
access to comprehensive dental health services in
a developed country, the incidence of dental pain
and/or infection was high among high-risk
3—7-year-old children who presented at least one
decayed primary tooth at the start of the study.
The risk of pain and/or infection did not differ
much between the three groups. The less expen-
sive treatment was prevention only (group 3), but
it was a little less beneficial than sealant + pre-
vention (group 2). Society would need to decide
how much it is willing to pay in order to avoid
dental pain and/or infection due to decayed pri-
mary teeth. Based on the estimates from this trial,
the most cost-effective alternative for children
with dentine caries in primary teeth is sealant +
prevention (group 2) if society is willing to pay a
minimum of £130 to avoid one episode of dental
pain and/or infection.

This RCT’s findings are generalizable to the
UK population of children who regularly attend
primary care and are at high risk of developing
caries in the primary or mixed dentition. However,
the placing of fillings and sealants are sensitive to
dental practitioner’s techniques and skills [93]
and these may vary across countries. Thus,
despite being a methodologically sound, prag-
matic, large, and simple trial, similar RCTs
should be replicated in other countries.

The US Preventive Services Task Force
recently published a report on systematic review
on screening and interventions to prevent dental
caries in children younger than age 5 years [94].
They concluded that dietary fluoride supplemen-
tation and fluoride varnish appear to be effective
at preventing caries outcomes in higher risk chil-
dren younger than 5 years of age. Dietary fluo-
ride supplementation in early childhood is
associated with risk of enamel fluorosis, which is
usually mild. In terms of gaps, they found that no
randomized trial or observational study com-
pared clinical outcomes between children
younger than 5 years of age screened and not



56

P.Nadanovsky et al.

screened by primary care clinicians for dental
caries. Almost all trials of topical fluoride were
conducted in higher risk populations or settings.
Evidence on other preventive interventions was
limited (xylitol) or unavailable (silver diamine
fluoride). Evidence on educational or counseling
interventions was very sparse and no studies
directly evaluated the effectiveness of primary
care referral to a dentist versus no referral. This
taskforce recommended more research on the
accuracy of oral health examination and caries
risk assessment by primary care clinicians, pri-
mary care referral for dental care, and effective
parental and caregiver/guardian educational and
counseling interventions.

3.11 Dental Care Delivery

Systems

Emerging dental care delivery systems, e.g., vir-
tual dental home or hub and spokes model, have
shown promising results to improve dental
access [95, 96]. This model generally comprises
of a dental team connected through teledentistry
where trained and licensed allied dental profes-
sionals provide the most basic screening and
primary and secondary prevention services in
the community settings, medical clinics, etc.
(spokes) under the supervision of off-site den-
tists (central hub). Patients needing more exten-
sive services are referred to the dentist at the
central hub clinic. The studies in this area have
mostly utilized longitudinal study design. For
example, Kohli et al. (2021) (senior author)
demonstrated that Oregon’s virtual dental home
project was successful in training Expanded
Practice Dental Hygienists to perform Interim
Therapeutic Restorations safely in school set-
tings after caries diagnosis by the supervising
dentist via teledentistry and in integrating this
component into a regular school-based preven-
tive dental program. Parents reported a decrease
in dental access barriers and very high levels of
satisfaction with this dental care program. Since
it is difficult to standardize various components
of health-care delivery systems and measure the
true effect of the program in terms of clinical

outcomes, the RCTs in this area are lacking.
One suggestion is to use cluster RCT design and
compare patient outcomes via different delivery
models.

Table 3.2 summarizes these important themes
that were (or should be) the focus of experimen-
tal epidemiological studies in Dental Public
Health.

Practical Considerations
of RCTs in Dental Public
Health (Table 3.3)

3.12

3.12.1 Investigator Bias

In some instances, the investigator’s pre-
conceived belief in that the intervention is cer-
tainly effective can lead to investigator bias.
Thus, it is critical to carefully examine the risk of
bias of the study and interpret the results, espe-
cially if the effectiveness of an intervention is
only reported by the same authors and in the
same population.

Table 3.3 Practical considerations of RCTs in Dental
Public Health

Funding Government; industry; academic;
foundation
Budgeting Personnel; study intervention and

per-patient costs; travel and
meetings; technology; statistical
analysis and data management
support; the institutional review
board

Food and Drug Administration and
Environmental Protection Agency
(USA); Food Inspection Agency and
the Department of Health (Canada);
European Medicines Agency; The
Medicines and Healthcare Products
Regulatory Agency (UK)

Drug regulation

Administration  Protocol review; recruitment;
and quality negotiation of agreements;
control development and negotiation of

budgets; protocol compliance;
billing; risk management and
analysis; review the data collected
during the trial; quality control of
agents (toothpaste for example) used
in the trial



3 Randomized Controlled Trials in Dental Public Health

57

3.12.2 Funding

Clinical trials related to Dental Public Health are
mostly sponsored by government, industry, aca-
demic, or foundation. The researchers generally
first generate pilot data via small foundation and
academic grants to apply the funding for large-
scale government grants.

Some examples of previously funded studies
on the effect of water fluoridation on caries

include the US Environmental Protection
Agency, the Indian Council of Medical
Research, the National Institute of Dental

Research (NIDR), now called, the National
Institute of Dental and Craniofacial Research
(NIDCR), the Mexican National Council of
Science and Technology ConacytSivilla, the
Norwegian State Educational Loan fund, etc.
Fluoride toothpastes, dental sealants, profes-
sionally applied fluoride, and fluoride mouth
rinses trials have also been previously supported
by the industry. The degree of funding and the
type of involvement of industry funders vary.
Mostly the industry would support a trial by
providing free study medication. In rare cases, a
company fully funds and controls a trial. The
risk of bias due to industry-sponsored studies in
dental public health trials has generally been
low. Because of different priorities of health-
care organizations and government bodies in
different countries, the investigators in those
countries seem to have a laser focus on many
key issues. E.g. the National Institute for Health
and Care Excellence (NICE) in the United
Kingdom, an agency of the National Health
Service (NHS) is charged with promoting clini-
cal excellence in NHS service providers in
England and Wales. Their role is to develop
clinical guidelines and recommendations on the
effectiveness of treatments and medical proce-
dures, including technology. It is observed that
countries that have national health-care delivery
systems or financing have an increased motiva-
tion to assess the value of public health
interventions.

3.12.3 Budgeting

The major costs of a dental public health clinical
trial in a budget are: personnel who do trial work
including those in the field; study-related care,
including study intervention and per-patient
costs; travel and meetings; technology; statistical
analysis and data management support; and the
Institutional Review Board (IRB) charges fees
for the review of clinical trials from for-profit
sponsors. Budget development also allows for a
reflection on the processes involved and the fea-
sibility of the study. Clinical trials are assumed to
be expensive and generally have a budget of mil-
lions depending on the type of the study. Most
academic institutions have research clinical cen-
ters that provide support in preparing a budget for
trial costs, but ultimately, it is the PI's responsi-
bility to take all the factors into account based on
the activities laid out in the protocol.

3.12.4 Drug Regulation

In the United States, the Food and Drug
Administration (FDA) is responsible for protect-
ing the public health by ensuring the safety, effi-
cacy, and security of human and veterinary drugs,
biological products, and medical devices; and by
ensuring the safety of food supply, cosmetics,
and products that emit radiation. Similar exam-
ples of agencies from other countries are: the
Canadian Food Inspection Agency (CFIA) and
the Department of Health Canada (Health
Canada), the European Medicines Agency, The
Medicines and Healthcare products Regulatory
Agency, UK, etc. In regards to the products used
in Dental Public Health trials, the US
Environmental Protection Agency (EPA) is
responsible for the safety and quality of drinking
water in the United States and sets a maximum
allowable limit for fluoride in community drink-
ing water. The FDA is responsible for approving
prescription-related products (e.g. 5000 ppm flu-
oride toothpaste) and over-the-counter fluoride
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products, e.g., fluoride toothpaste and mouth
rinse, e.g., the new researchers, if intending to
bring a new product to the market should famil-
iarize themselves with the drug regulation and
approval process and seek guidance from the
experts who have gone through the process. Due
to globalization, collaborations across the world
and the evolution of industries, there have been
efforts to homogenize drug regulation across the
world. This initiative will especially be helpful
for particular countries where drug regulations
appear to be ignored.

3.12.5 Administration and Quality
Control

All members of the study are responsible for
quality control and assurance. It is very critical to
have experienced clinical trial administrators as
they are responsible for protocol review, recruit-
ment, negotiation of agreements, development
and negotiation of budgets, protocol compliance,
billing, international studies, and risk manage-
ment and analysis. The study team should meet
regularly to review the data collected to date,
address any issues, and for continual study qual-
ity improvement. It is also critical to have quality
control of agents used in the RCTs including the
independent verification of contents of agents
such as toothpaste or varnishes. This is especially
important when studies are conducted in the
areas of the world where the drug regulation pro-
cess is not as stringent.

3.13 Key Considerations in RCTs
3.13.1 Outcomes

Caries and periodontitis are the most prevalent
oral diseases. RCTs assessing interventions to
prevent and treat them should focus on tangible
outcomes (true endpoints). These are clinically
relevant to patients [97], and include the follow-
ing: tooth loss, dental pain, dentine cavity, tooth

mobility, excessive loss of periodontal attach-
ment according to age [98-100], and patient-
reported outcomes [101] (aesthetics, function,
comfort, psychological and social well-being).
Researchers should avoid designing RCTs to
prevent or treat outcomes that are intangible to
patients.

Surrogate outcomes are valid only when they
predict true endpoints [97, 102]. Unfortunately,
effects on surrogate outcomes often fail to pre-
dict the true clinical effects of interventions [97].
For example, most white-spot lesions will not
lead to tooth loss, dental pain, or even dentine
cavity, therefore, they are not valid surrogates in
caries RCTs. Similarly, gingivitis most often
does not lead to tooth mobility, tooth loss or
pain, so it is not a valid surrogate outcome in
periodontal disease RCTs. The same reasoning
applies to mild/moderate malocclusion in ortho-
dontics trials [103].

RCTs are hard to conduct, take time,
resources, and effort, and, therefore, it is not ethi-
cal to randomize participants when assessing sur-
rogate outcomes that will bring no reliable or
useful answers to clinical decision-making or
public health policies. The aim of any treatment
is to provide tangible patient benefits [104].

3.13.2 Risk Communication

The uncertainty surrounding the process of clini-
cal decision-making gives rise to several cogni-
tive biases that may affect dentists’ reasoning.
Some forms of risk communication reinforce
cognitive bias, while others mitigate them. Good
risk communication allows people to have a clear
thinking when population and individual risks
are evaluated in order to implement preventive
health programs. Numerical formats are key to
understanding health risk communication [105]
and, therefore, when communicating the results
of RCTs, authors should report absolute numbers
and the base rate [106].

One effect measure widely used in caries tri-
als and systematic reviews is the prevented frac-
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tion (PF). Its popularity derives from the fact that
it allows the combination of different methods of
measuring caries, such as DMFT (S), DFT (S),
dmft (s), and dft (s). It is calculated by subtract-
ing the increment of caries in the test group from
the increment of caries in the control group and
dividing this difference by the increment of car-
ies in the control group, generating the percent-
age of the increment of caries in the control
group that can be reduced by the intervention/
treatment. However, as it is a relative measure,
the PF fails to show the true differences in the
caries increment observed between the groups
being compared, and substantial PFs may, in
fact, mean a clinically irrelevant caries reduc-
tion. Thus, PF is a misleading way of communi-
cating risk reduction in RCTs and should be
avoided [106].

3.14 Concluding Remarks

All types of RCTs play an important role in
DPH. However, community intervention trials
are better suited for addressing questions related
to population health. The Nobel Prize in
Economics in 2019 was won by three economists
who used RCTs to determine how best to lift
people out of poverty and improve their health
[107, 108]. This is an excellent illustration of the
power of the RCTs to investigate the effective-
ness of public policies. The example of these
Nobel prize-winning economists should serve as
an inspiration for Dental Public Health research-
ers. They applied large simple trials to compare
policies at a population level (clusters), focused
on tangible outcomes, easy-to-implement inter-
ventions, and no restriction regarding eligible
participants. Researchers carrying out such trials
are urged not only to pre-register them in appro-
priate platforms but also to report them according
to the Consolidated Standards of Reporting Trials
(CONSORT) [109] and its extension for cluster
trials [110]. This allows a comprehensive and
careful analysis by readers of the trials’ results,
and especially, by reviewers when trials are
included in evidence syntheses.

3.15 Case Scenario Exercise

3.15.1 Case Scenario

You are interested in conducting a study on
children to test whether specially trained
community lay health workers who admin-
ister fluoride varnish and oral health pro-
motion education reduce caries as
compared to nonintervention children.

Questions

1. What settings would you use to conduct this
trial?

2. What is the most practical way to randomize
children in the school setting in this case?

3. How would you get schools to participate in
your study?

4. How would you obtain consents from the chil-
dren who are minors in this case?

Answers

1. One of the factors determining the settings
would be the age of children you are inter-
ested in, e.g., Head Start centers can be tar-
geted for 4-5 years age groups, and elementary
schools can be targeted for 5-11 years age
groups.

2. Cluster randomized controlled trial (RCT)
design is generally used in such situations.
Eligible schools are randomly allocated either
to an intervention or a control group.

3. Common strategies include meetings with the
school district and school administrators, prin-
cipals, teachers, and staff as well as parents to
establish trust and explain the study, different
steps involved, and overall benefits to the com-
munity. It is also important to plan the study so
the children and staff have minimal disruption
during the school time. Be appreciative of the
work everyone is doing to make your study a
success. Even small but meaningful tokens of
appreciation, e.g., buying staff lunch on a spe-
cific day, certificates, holiday cards, etc., pro-
vide encouragement to everyone involved.
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4.

Parental consent is needed ahead of time.
Teachers generally put these consents in the
child’s daily folder and send it electronically if
needed. Always use clear and lay language in
consent forms for better understanding. It is
also wise not to burden the parents with too
much paperwork and multiple consents. In
addition, the child’s assent is needed at the time
of treatment. Unlike informed consent, assent
is not always required by law, though IRBs may
require it.
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4.1 Introduction

Well-designed and executed randomized con-
trolled trials (RCTs) provide the reliable evidence
on the effectiveness of healthcare interventions
and thus decision-making in healthcare. Poorly
done studies waste resources and raise ethical
issues regarding the rights of participants. The
Consolidated Standards of Reporting Trials
(CONSORT) statement, originally developed in
1996 [1] and updated in 2010 [2] provides guid-
ance to investigators in conducting and reporting
clinical trials. The quality of RCTs in dental
research and other fields of medicine is typically
assessed using the CONSORT checklist as a ref-
erence to the standards, and trials following the
CONSORT standards are more readily published.
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Top-flight journals will not publish studies that
do not follow this guidance.

There have been two studies that have
reviewed the quality of clinical studies in end-
odontics. First, Lucena et al. (2016) [3] assessed
the quality of 89 RCTs in endodontics published
from 1997 to 2012 using a checklist based on
Jadad criteria [4], CONSORT statement, and
SPIRIT [5] (Standard Protocol Items:
Recommendations for Interventional Trials), the
overall quality was poor. Many had serious meth-
odological flaws. This is a devastating finding
and suggests that both novice and more experi-
enced researchers need to adopt a higher standard
in future studies. Only 45% of the published
work had a low risk of bias for random sequence
generation, 75% did not provide information on
allocation concealment, and in 19% of the inves-
tigators were not blinded. Only 55% of the RCT
reports reviewed provided adequate sample size
estimation, and only 16% included confidence
intervals in reporting results. Almost all (87%) of
the reports failed to provide sufficient informa-
tion to determine whether the statistical method-
ology was appropriate. Higher quality was found
in reports of multi-center studies, RCTs authored
by more than five authors, reports published in
journals ranked above the Journal of Citation
Reports (JCR) median, and papers fully comply-
ing with the CONSORT guidelines.

Second, in a scoping review [6] of 354 ran-
domized controlled trials, cohort, case—control
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studies, and case series of endodontic articles
published after 1980 through 2020, two over-
arching limitations were identified: missing
information and misreporting. Often missing
were details on the prospective, retrospective, or
ambispective nature of the study (especially for
cohort and case series), the blinding of patient or
outcome assessor/treatment provider, and rea-
sons for the loss of participants at follow-up
assessments. Misreporting of data was reported
for units of sample size (count and percentage of
patients, teeth, roots); overestimated outcome
measure in multi-rooted teeth; exclusion of drop-
outs from the analyses (e.g., per protocol and not
intention to treat analyses); and lack of standard-
ized terminology for pulpal and periapical
diagnosis.

The objective of this chapter is to critically
review the existing key endodontics RCTs in
terms of (1) research focus and outcomes and (2)
research design, methods, and reporting issues,
and to identify the strengths and limitations of
these studies and give examples. We also discuss
the unique challenges of conducting RCTs in
endodontics, (3) gaps in the existing studies and
future recommendations for novice and experi-
enced researchers, and (4) newly introduced
Preferred Reporting Items for RAndomized
Trials in Endodontics (PRIRATE) guidelines.

Research Focus
and Outcomes

4.2

A fundamental skill in designing RCTs is the
ability to ask well-built clinical questions directly
relevant to patients’ problems and designed to
precisely answer a question that addresses a gap
in knowledge. To answer such a question requires
clearly defined, reliable, and valid outcomes. The
existing literature reports highly variable, and
often idiosyncratic methods for measuring and
reporting outcomes. Endodontic treatment out-
comes assessment has evolved from landmark
Strindberg’s disease-based criteria [7] to patient-
centered outcomes [8].

Strindberg’s disease-based criteria defined
treatment success as the absence of symptoms

and normal radiographic appearance of the peri-
apical tissues, which implies clinical, radiologic,
and histologic resolution of inflammation
whereas the presence of symptoms or radio-
graphic changes is considered a treatment failure.
This criterion was rigid and it also often led to
erroneous conclusions because many studies
were too short to really assess the physical or
radiographic outcomes. This is particularly true
with healing after root-end surgery. Hence, with
more advancement in the endodontics field,
patient-centered outcomes gained importance to
determine success. Examples are oral health-
related quality of life, total treatment time for the
patient, number of visits, functional teeth not
needing extraction, and treatment cost.

Lucena et al. (2016) [3] reported that the
majority of RCTs in endodontics published
between 1997 and 2012 posed questions regard-
ing the efficacy of drugs or anesthesia or analge-
sia techniques (38.2%), the effectiveness of
different materials or techniques in application to
pulpotomy, pulpectomy or direct pulp capping
(30.3%). The minority focused on the retreat-
ment of periapical lesions [ 9], outcomes of a
single visit and multiple visit RCTs [10], inter-
ventions for avulsed and replanted permanent
front teeth [11], and regenerative endodontic pro-
cedures and outcomes [12]. The main findings
from the top cited key RCTs, systematic reviews,
Cochrane reviews, and meta-analyses are sum-
marized in Box 4.1.

Box 4.1 Summary of the Main Findings from
the Top Cited Key RCTs, Systematic Reviews,
Cochrane Reviews, and Meta-analyses in
Endodontics

— For the success of anesthesia, 4% artic-
aine, 1:100,000 epinephrine is superior
to 2% lidocaine, 1:100,000 epinephrine
when root canal treatment is performed
in teeth with irreversible pulpitis. For
surgical procedures and surgical proce-
dures/periodontal treatment of teeth
with irreversible pulpitis, 2% lidocaine,
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1:100,000 epinephrine is superior to 3%
prilocaine, 0.03 IU felypressin, and 4%
prilocaine plain, respectively [14].
MTA seems to be the gold standard
material in the pulpotomy of primary
teeth. Promising results were also found
with calcium silicate-based cement [27].
There is no evidence to suggest differ-
ences in clinical outcomes or short- and
long-term complications of root canal
treatment in a single visit or in multiple
visits [10].

There is no evidence that a surgical
approach leads to better results com-
pared with non-surgical retreatment of
teeth with apical periodontitis at 1 year
or at 4 or 10 years after intervention [9].
Due to a lack of robust evidence, the
benefits and risks of different materials
used for retrograde filling in root canal
therapy are unclear [71].

There is insufficient evidence to assess
the difference in the effects of restora-
tion of root canal-treated teeth with or
without post and core by indirect resto-
rations (e.g., crowns, inlays, or on-
lays) compared to conventional
restorative materials placed directly
into the teeth [65].

There is also no evidence that antibiot-
ics attenuate endodontic pain, thus anti-
biotics prescription in the absence of
systemic involvement must be avoided
to prevent antimicrobial resistance in
patients [90, 91].

There is a great need for further research
on diagnostic procedures, risk factors,
the management of root resorption, and
the prognosis of affected teeth to help
clinicians and patients to make informed
choices about treatment options for root
resorption [80, 103].

There are significantly improved out-
comes in laser-assisted endodontic ther-
apy, suggesting the use of lasers as
useful adjunctive treatment modalities,

but the existing studies are heteroge-
neous and have design limitations [97].
Better quality studies are needed to con-
firm these findings.

— There is insufficient evidence to draw
conclusions regarding the superiority of
different interventions for avulsed
(knocked out) and replanted teeth (e.g.,
hyperbaric oxygen, root canal pastes
like Ledermix versus Ultracal, pulp
extirpation, and soaking the knocked
out tooth in thymosin alpha) with clini-
cal outcomes of periodontal healing,
tooth survival, pulpal healing, pain, and
aesthetics (discoloration) [11].

— For immature and mature teeth with
pulpal necrosis and apical periodontitis,
the comparison of tooth survival and
periapical health with revitalization ver-
sus RCT treatment options has shown
mostly inconclusive findings due to a
lack of well-designed robust studies as
well as relatively newer treatment
options for revitalization [105].

4.2.1 Efficacy of Drugs or
Anesthesia or Analgesia
Techniques

Local anesthetics (LA) are widely used in end-
odontics to control pain during dental treatment.
There are different local anesthetic formulations
and techniques available to dentists, but the suc-
cess of local anesthesia has been reported to vary
as a result of underlying pathology, materials,
and procedural factors like dosage, presence of
inflammation, tooth type, operative procedure
(e.g., dental extraction vs. root canal treatment),
and type of technique used, and patient factors
like presence or absence of anxiety. Patients with
high levels of anxiety usually exhibit lower pain
thresholds [13] and, therefore, there is a decreased
anesthesia success rate among these patients.
However, patients with anxiety or who are on
antianxiety medications are generally excluded
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from the clinical trials determining the success of
local anesthesia and resulting in reduced general-
izability and validity, especially since most of the
investigators did not measure dental anxiety sys-
tematically, resulting in confounding. There are
also challenges comparing RCTs to assess the
success of one type of LA with another because
of the difference in LA formulations available in
different countries and that formulations with
higher vasoconstrictor concentration may be con-
traindicated in patients with certain medical
conditions.

A recent Cochrane Review by George et al.
(2018) [14] concluded that low-quality evidence
plagues these study reports decreasing confi-
dence that the results are valid. Examples are:
success (absence of pain), 4% articaine,
1:100,000 epinephrine was superior to 2% lido-
caine, 1:100,000 epinephrine when root canal
treatment was performed in posterior teeth with
irreversible pulpitis, and 2% lidocaine, 1:100,000
epinephrine was superior to 4% prilocaine when
surgical procedures/periodontal treatment was
provided. Moderate-quality evidence gives
greater confidence: the studies showed that 2%
lidocaine, 1:100,000 epinephrine was superior to
3% prilocaine, 0.03 IU felypressin when surgical
procedures were performed. An additional prob-
lem is that to assess any subgroup differences
between injection types, a priori power analysis,
and appropriate subgroup sample sizes are
needed, which was found lacking.

The major considerations for RCTs studying
analgesia and techniques are to use validated cri-
teria of success and clinical outcomes and clearly
report them. Validity of a measure refers to results
being measured accurately and that the measure
actually measures what it is supposed to measure.
Examples of measures that are commonly used
and reported, but likely, not valid are the pres-
ence/absence of pain measured by Visual
Analogue Scale (VAS), pulpal anesthesia check
by an electric pulp tester (EPT) or cold stimulus,
and speed of onset and duration of anesthesia
measured with a clock. Since EPT and thermal
pulp tests are not 100% accurate, the accurate
diagnosis should not be based on one test result.
Similarly, for self-reported pain measurement

with the VAS measure, proper patient instruc-
tions are very important. It is suggested to have a
training exercise with the investigator and the
participant so the participant really understands
what the investigator is looking for. Additional
such measures are the area of soft tissue anesthe-
sia measured by probing, patient self-reported
experiences, volume and type of injection, type
of procedure, tissues involved, real treatments
versus simulated scenarios, local adverse events,
and systemic effects [15].

In their review, George et al. (2018) [14] found
a substantial number of simulated scenario trials
testing healthy pulps with an electric pulp tester.
Although studies (or testing) using simulation are
convenient to carry out, they may not be valid
and clinical anesthesia may be present at values
less than a maximum pulp tester reading, which
is a common criterion for success. For many clin-
ical procedures, only a clinical intervention can
be used to test the oral tissues or soft tissues anes-
thetized. Therefore, these study design elements
and the results of the studies cited should be
interpreted with caution.

4.2.2 Effectiveness of Different
Materials or Techniques
in Application to Pulp
Capping, Pulpotomy,
and Pulpectomy

4.2.2.1 Vital Pulp Therapy (VPT)
Procedures

VPT procedures are ways of preserving the vital-
ity and function of the dental pulp after an injury
resulting from trauma, caries, or restorative pro-
cedures [16]. There have been a myriad of differ-
ent materials and techniques tried over the years
in an effort to find clinical methods to improve
the success of pulp therapy. VPT includes indi-
rect or direct pulp capping and partial or com-
plete pulpotomy. According to the American
Association of Endodontics (AAE) current diag-
nostic terminology, a vital pulp can be diagnosed
in one of three categories: normal, reversible pul-
pitis, or irreversible pulpitis, which could be
symptomatic or asymptomatic [17, 18].
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Pulpotomy Techniques and Materials
Although both partial and full pulpotomy can be
recommended in symptomatic irreversible pulpi-
tis, there is a lack of consensus on which treat-
ment is better. Partial pulpotomy maintains
physiologic dentine deposition in the coronal
area, which aids in the protection of the radicular
pulp against dystrophic calcification caused by
various pulpotomy agents [19]. However, it is
difficult to assure the full removal of diseased tis-
sue. Coronal pulpotomy eliminates all inflamma-
tory pulp tissue and creates a solid layer of the
pulp chamber’s bottom for correct placement and
condensation of the pulp-capping agent.

A meta-analysis by Elmsmari et al. (2019)
[20] evaluated the effect of partial pulpotomy
(PP) in caries-exposed permanent teeth and found
96% overall success, with 75% success in symp-
tomatic irreversible pulpitis (SIP) at 1-year fol-
low-up. Cushley et al. (2019) [21] conducted a
systematic review to determine whether coronal
pulpotomy is clinically effective in treating cari-
ous teeth with signs and symptoms indicative of
irreversible pulpitis. The authors reported 97.4%
clinical and 95.4% radiographic success of com-
plete pulpotomy (CP) at 1-year follow-up in
caries-exposed permanent teeth with signs indic-
ative of symptomatic irreversible pulpitis (SIP).
The success rates reduced with longer follow-up
at 36 months with 93.97% clinical and 88.39%
radiographic success. A comparative clinical trial
included in this study [22] showed pulpotomy to
have comparable success to pulpectomy (also
called as root canal treatment) at 12-month fol-
low-up (92.2% vs. 89% radiographic success)
24-month follow-up (86.7% vs. 79.5% radio-
graphic success) and 60-month follow-up (71.3%
vs. 65.8%), respectively. The clinical success at
12 and 24 months follow-up remained high for
both treatments (97.6-98.1%).

However, the authors pointed out that the
included studies showed evidence of high and
unclear risk of bias, both detection and perfor-
mance bias. And because of inadequate reporting
by these studies, it was not possible for them to
perform analyses for the secondary outcomes
such as quality of life or cost-effectiveness. The
authors also found additional limitations that the

included studies varied in design, number of par-
ticipants, and materials used for pulp capping.
There was heterogeneity in reporting outcomes,
with some studies reporting clinical and radio-
graphic success, while others reported overall
combined success or clinical success alone. Both
outcomes are essential to determine periapical
health. Most studies were conducted in hospital
and university settings, and thus are difficult to
apply to general dental practices. Further, the
follow-up periods in existing studies have ranged
from 6 months and 5 years. Future studies need to
determine what is the most appropriate follow-up
period when the healing process is unlikely to
reverse its course, and when treatment can be
concluded as success or failure, without a further
need for follow-up. In situations when RCTs are
done by endodontics graduate students, the fol-
low-up periods are short due to the limited time
they have during their specialty program. In these
cases, we recommend faculty members design
the studies and then different residents overtime
work on these studies so the follow-up is
adequate.

There are different medications used for pulp-
otomy procedures. These include formocresol,
glutaraldehyde, ferric sulfate, and calcium
hydroxide. As noted earlier also, the success rate
for pulpotomy decreases over time, i.e., 90% or
more in 6—12 months follow-up to 70% or less
after 3 years or more [23, 24]. More recently
mineral trioxide aggregate (MTA) has been used
for pulpotomies for primary molars and has
shown a 97% success rate [25]. Indirect pulp cap-
ping has shown higher long-term success rates
than any pulpotomy procedures other than MTA
[26]. Bossu et al. (2020) [27] concluded that min-
eral MTA is the gold standard material in the
pulpotomy of primary teeth with a clinical and
radiographical success rate ranging from 88% to
100% in studies with at least 12 months of fol-
low-up. Even these seemingly adequate follow-
up periods likely upwardly bias the results and
need to be repeated with more realistic follow-up
periods. This is often because regulatory agen-
cies treat MTA as a medical device rather than a
drug and lower standards exist for studies of
devices. Promising results were similarly found
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with calcium silicate-based cement (Biotene).
Nevertheless, there is considerable heterogeneity
in the methods used in these RCTs making study
comparisons difficult and likely biasing the clini-
cal outcomes. Examples of unaccounted-for vari-
ations in methods are the use of rubber dams,
pulpotomy using electrosurgery versus bur or
sharp instrument, hemostasis with different
agents, different compositions of restorative
materials and their management, and clinician
expertise. Thus, these factors should be carefully
controlled while study planning, implementation,
and reporting.

Pulp Capping

In direct pulp capping, at the site of pulpal expo-
sure, the pulp is covered with a protective dress-
ing or base, which aims to protect the pulp from
additional injuries and permits healing and repair
[18]. In indirect pulp capping, a protective cement
or dressing is placed over a thin layer of remain-
ing sound or slightly softened dentine which if
removed, might expose the pulp [18].

The success rate of direct pulp capping varies
between 70% and 98% in reported RCTs. The
variation is unexplained: confounders (media-
tors, moderators) affecting the interpretation of
the results, e.g., age, type of pulp exposure, size
of the exposure and degree of pulp bleeding, type
of dentition, and provider expertise are not
accounted for. Future studies are needed that
address these limitations. A 2016 systematic
review and meta-analysis by Schwendicke et al.
(2016) [28] evaluated studies of materials for
direct capping that were evaluated clinically and/
or radiographically after a minimum of 3 months.
Studies are clearly needed where follow-up is
more clinically realistic. Most studies used cal-
cium hydroxide as a control and compared it to
MTA, bonding without prior etching/condition-
ing, or bonding with prior etching/conditioning,
enamel matrix proteins, resin-modified glass
ionomer cement, calcium sulfate, zinc oxide
eugenol, corticosteroids, antibiotics, or formo-
cresol. One study compared MTA and calcium-
enriched cement. The authors found that in
permanent teeth, the risk of failure was signifi-
cantly decreased if MTA instead of calcium

hydroxide was used (risk ratio (RR) [95% confi-
dence intervals (CI)] 0.59 [0.39/0.90]); no differ-
ence was found for primary teeth. The other
comparisons did not find significant differences
or were supported by only one study.

The authors found that there was insufficient
data to provide definite recommendations for the
use of a specific pulp capping material, and noted
that dentists might consider using MTA instead
of calcium hydroxide for direct capping to reduce
the risk of failure. There are other several gaps in
these studies. For example, the findings from
studies that used pulp capping models using arti-
ficially exposed pulps in sound teeth are mostly
applicable to situations with traumatic pulp expo-
sure and studies are needed including teeth with
carious exposures. Studies evaluating short-term
histological reactions, which may be easy for
graduate students to carry out, have little clinical
significance. Typically, failures occur 2 years or
longer after direct capping. Further other factors
like special technique required for MTA, its high
cost, long setting time, and difficult storage can
result in the provider choosing one material over
another for direct pulp capping.

Recently, indirect pulp treatment has been
suggested to be more successful than direct pulp
cap and pulpotomy in long-term studies, accord-
ing to a review by the American Association of
Pediatric Dentistry (AAPD) [29, 30]. In addition,
indirect pulp treatment allows for normal exfolia-
tion. It can be chosen instead of direct pulp cap-
ping or pulpotomy when the pulp is normal or
has a diagnosis of reversible pulpitis and there is
no pulp exposure [30]. There has also been a
question about the effectiveness of vital pulp
therapies as compared to pulpectomy. Wells et al.
(2019) [31] evaluated the clinical evidence
regarding the clinical effectiveness and safety of
vital pulp therapies compared with pulpectomy.
They reported that evidence from one very low-
quality systematic review, and four very low to
moderate-quality primary studies suggested that
clinical success rates for teeth treated with vital
pulp therapy or pulpotomy may not significantly
differ from teeth treated with root canal therapy
or pulpectomy. They also pointed out that find-
ings were comparable between vital pulp therapy
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and a root canal or in favor of vital pulp therapy
for short-term (1 week) postoperative pain reduc-
tion. Thus, future high-quality studies with lon-
ger follow-ups are needed to confirm these
findings.

4.2.2.2 Pulpectomy Procedures
and Materials

The goal of pulpectomy is the prevention and
elimination of periapical disease [32]. The key
steps involved in endodontic therapy aim to
maintain asepsis in vital teeth and to provide
decontamination of non-vital teeth [32]. These
include the placement of a rubber dam, the use of
a pre-sterilized armamentarium, and the use of
antimicrobial irrigation solutions. Multiple stud-
ies have shown that even with advancements in
chemomechanical preparation techniques, it is
difficult to achieve complete cleaning and disin-
fection of the root canal system [33, 34]. A well-
sealed canal system can also reduce leakage into
the tooth and prevent coronal contamination as
well as out of the tooth by remaining bacteria and
their byproducts from the apex which has a sig-
nificant impact on the success of treatment [35].
The filling of root canals, commonly known as
obturation, is an important step in successful
pulpectomy. The comparison of the effectiveness
of different pulpectomy steps, procedures, and
materials is described below.

Irrigation Techniques, Materials,
and Activation Methods
Irrigation is critical in endodontic treatment and
for apical periodontitis as it helps to reduce the
bacterial load to ensure long-term healing.
Different irrigation techniques and materials
have been studied. Examples are conventional
needle irrigation with only sodium hypochlorite
(NaOCl), the combination of NaOCl with
1-hydroxyethane-1,1-diphosphonate, or etidro-
nate (HEDP) and MTAD, the combination of
NaOCI and chlorhexidine (CHX), and different
irrigation activation methods (passive ultrasonic
irrigation-PUI, XP-endo finisher, F-file activator,
and EndoVac activator).

NaOCl is a commonly used irrigant due to its
antimicrobial activity, ability to dissolve organic

matter [36], and low cost [37]. Studies have
reported that MTAD and HEDP in combination
with either 2.5% or 1.3% NaOCI has been shown
to reduce the bacterial load to a level below that
is required as compared to NaOCl alone [36, 38—
41]. Although both HEDP and MTDA are highly
effective in completely removing the smear layer,
MTDA’s action is enhanced when a lower con-
centration of NaOCl (1.3%) [36-38].
Chlorhexidine (CHX) is used as an alternative to
NaOCl because of its antimicrobial activity,
effectiveness lasting for days to weeks, and pre-
vention of root canal reinfection [36, 42]. Studies
have shown that an increased CHX concentration
of 2% reduces the bacterial load as effectively as
1% NaOCl [43, 44].

More recent research has suggested that 3.8%
SDF (silver diamine fluoride) exerts antibacterial
characteristics against an Enterococcus faecalis
biofilm and should be further tested as a root
canal irrigant to reduce treatment failure in both
primary and permanent teeth [45]. Future clinical
studies also need to have an adequate sample size
and consider other variables such as present
microbial species and their spatial location in the
root canal system, their access to nutrients, and
their ability to adapt and survive [46].

When comparing irrigation systems, activa-
tion methods, i.e., ultrasonic irrigation, have
shown statistically significant action in reducing
bacterial load when compared to conventional
needle irrigation systems [41, 46, 47]. In their
systematic review, Tonini et al. (2022) [37] found
that activation methods provide significantly
higher biofilm reduction than conventional nee-
dle irrigation methods. Based on their literature
review, Prada et al. (2019) [48] concluded that
the most adequate irrigation protocol consists of
using 2.5% NaOCl activated with ultrasound fol-
lowed by a final wash with 7% maleic acid (MA)
or 0.2% cetrimide (CTR) combined with 2%
CHX. Crozeta et al. (2020) [49] evaluated the
efficacy of passive ultrasonic irrigation (PUI) and
the GentleWave system as supplementary tech-
niques to remove remaining filling materials
from oval-shaped root canals. They found that
the use of PUI and GentleWave as supplementary
techniques significantly reduced the volume of
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remaining filling material after initial instrumen-
tation. PUI removed 18% of the remaining filling
material, whereas the GentleWave system
removed approximately 10% (P < 0.05). The
strength of this study was the use of micro-CT to
allow equitable tooth selection of single and oval-
shaped distal canals. This minimized the effects
of variable root canal anatomy, improved sample
standardization, and facilitated an equal sample
distribution between the experimental groups
based on the remaining volume of filling mate-
rial. This study had a major limitation that there
was difficulty in the standardization of irrigant
volumes because the GentleWave system delivers
approximately 50 mL of irrigation solution per
minute. The authors suggested the development
of new techniques and protocols to enhance root
canal cleanliness during nonsurgical endodontic
retreatment to improve treatment outcomes.

In their systematic reviews, Goncalves et al.
[50] and Tonini et al. [37] found that the details
on the irrigating protocols, especially regarding
irrigants’ application time or total volumes, have
not been adequately reported in the literature.
Tonini et al. [37] noted that for the included stud-
ies, describing their protocols was very complex,
application time and volume of irrigants were not
always reported, and comparing the results was
impossible due to the heterogeneity of the meth-
odologies. They concluded that the existing lit-
erature lacks high-quality studies, and the level of
evidence is moderate. Based on the available evi-
dence, the authors reported that activation meth-
ods provide significantly higher biofilm reduction
than conventional needle irrigation methods.
Combinations of NaOC]I with different chelating
agents were ineffective in terms of antimicrobial,
but it could potentially increase the risk of irrig-
ant extrusion. The irrigating protocols, especially
those regarding the irrigant’s application time or
total volume, were not carefully detailed in the
included studies.

They also pointed out that the lack of double-
blind procedures and concerns regarding the
selectivity of the reported results reduced the
quality of the studies. And that the lack of a uni-
versal standard for assessing the antibacterial
efficacy of endodontic treatment prevents deter-

mining standard protocols for optimal irrigation
methods. Considering the limitations of the
included studies and the review itself, the authors
acknowledged that activated irrigation proce-
dures are fundamental for reducing the bacterial
load in the whole root canal system and that
NaOCI continues to be a key element in all proto-
cols. They recommended that improving the
quality of studies requires identifying more effi-
cient protocols and more suitable approaches that
facilitate the work of clinicians, reduce chairside
time, and have more reliable outcomes.

Obturation Techniques and Materials

The ideal root canal filling material should be
easy to introduce into the root canal, seal the
canal laterally and apically, not shrink after being
inserted, and be impervious to moisture, bacte-
riostatic, radiopaque, not stain tooth structure or
irritate periradicular tissues [51, 52]. It should
also be sterile or easily and quickly sterilized
immediately before insertion. Further, it should
be easily removable from the root canal if retreat-
ment is required. Gutta-percha is the most popu-
lar and commonly used root canal filling material,
generally placed with a sealer [53, 54]. The main
difference in how dental practitioners fill a root
canal system depends on the technique to place
the gutta-percha and the sealer system used.

In combination with gutta-percha, endodontic
sealers play a critical role in obturation tech-
niques. They fill the gaps not obturated with
gutta-percha. Epoxy resin-based sealers are fre-
quently used as a reference material for compari-
sons with newly developed sealers [55] as they
provide a stable apical seal [56]. These materials
used with gutta-percha in vertical (warm) or lat-
eral (cold) compaction techniques are considered
the gold standard for sealer cements [57, 58].
Many alternatives to the traditional gutta-percha-
based systems have been proposed to enhance the
seal at sealer—core obturation material and sealer-
radicular dentine interfaces [59].

The warm vertical technique is one of the
most utilized obturation techniques [57], with
cold lateral condensation used frequently for
comparison with other filling techniques. Tooth
survival has been reported as similar in teeth
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treated using cold lateral condensation and warm
gutta-percha obturation technique, Thermafil [58,
60, 61]. The overall success rate was 96% with
Thermafil and 98% in the cold lateral condensa-
tion group, with slightly lower success rates over
a 2-year recall period in the Thermafil group [57].
But this difference was not statistically signifi-
cant (P > 0.05). With regard to radiographic evi-
dence of the reduction in apical lesion size and
normal periodontal ligament space, cold lateral
condensation resulted in the resolution of peri-
apical lesions from 44% to 15% while in the ther-
moplasticized experimental gutta-percha group,
it decreased from 59% to 5% [61, 62], In this
study, the absence of calcium hydroxide-based
sealer did not make any difference to the
outcome.

A carrier-based system (Softcore) used with
Diaket sealer has also shown similar outcomes to
laterally condensed gutta-percha for the healing
of apical periodontitis (AP) [63]. Comparison of
hand filing/lateral condensation to NiTi/single
matched cone showed that both protocols lead to
a similar healing rate of AP. The success rate
ranged from 73% to 78% after 12 months [64].
When assessing a single-file Reciproc system
and a single-cone technique with hand filing as
compared to the crowndown technique and obtu-
ration with gutta-percha and AH Plus sealer using
lateral condensation technique for the manage-
ment of anterior teeth with AP, no difference in
incidence, the intensity of postoperative pain, and
the incidence of flare-up were observed [64].

In their comprehensive review, Komabayashi
et al. (2020) [54] reported that as compared to
AH Plus, tricalcium silicate sealers show the low-
est relative microleakage among the sealers
assessed, followed by silicone sealers and other
non-AH Plus epoxy resin sealers. Tricalcium sili-
cate sealers are the most favorable antimicrobial
effect and excellent biocompatibility. The authors
recommended that future sealers developed
should combine a hermetic seal with therapeutic
effects.

In their systematic review, Pirani et al. (2022)
[61] compared alternatives (non-lateral compac-
tion techniques) to the standard cold laterally
condensed gutta-percha and also assessed the

efficacy of different sealers compared with epoxy
resin, AH Plus sealer in the management of api-
cal periodontitis in permanent teeth. The authors
did not find any difference between different pro-
cedures and materials in relation to tooth sur-
vival, pain, tenderness, swelling, and need for
medication. Only a few studies included informa-
tion on radiographic evidence of a reduction in
apical lesion size or improvement in oral health-
related quality of life. The risk of bias was high,
thus the findings need to be replicated in better-
designed studies. The authors suggested that
well-designed RCTs should be carried on with
follow-up of at least 4 years and supported by an
adequate sample size calculation to identify clini-
cally significant differences in the long term
between the efficacy of the various alternative
filling techniques and sealers.

Single Visit Versus Multiple Visits

to Perform Root Canal Therapy

Another frequent area of research in endodontics
is the number of treatment visits needed to per-
form root canal therapy (RCT), also called pulp-
ectomy. Historically, the filling of infected canals
was delayed until bacterial cultures were nega-
tive but today most clinicians do not follow this
practice. A 2018 Cochrane review found that
there is no evidence to suggest differences in
clinical outcomes or short and long-term compli-
cations of root canal treatment in a single visit or
in multiple visits [10]. Single-visit treatment,
however, has a higher frequency of late postop-
erative pain. Most of these studies were done
before engine-driven techniques were introduced
and might be repeated with a higher standard.
The existing studies mostly do not describe the
gender and race/ethnicity of the participants.
Many of the study populations do not include
older adults or patients with special health care
needs. Thus, the populations are likely not repre-
sentative of the population in need of care and
results cannot be generalized. Studies are needed
in which the study participants mirror those seek-
ing care. In addition, studies done in public hos-
pitals or university clinics, where the expertise of
clinicians and postgraduate students performing
root canal treatments, may be less than those in
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private clinics raise validity issues that need to be
addressed in designing future work. Rarely do
studies describe the training and calibration or
certification of the clinicians or provide any mea-
sure of fidelity of the treatment to the protocol.

Restoration of Endodontically Treated
Teeth With or Without Posts
There are limited studies assessing the outcomes
of restoration of endodontically treated teeth by
indirect compared to direct conventional restora-
tions. It is argued that indirect restorations help to
protect root-filled teeth by reducing fractures
while direct restorations are less time and cost-
demanding and require less tooth structure
removal. A 2015 Cochrane review [65] concluded
that there is insufficient evidence to assess the
difference in the effects of restoration of end-
odontically treated teeth with or without post and
core by indirect restorations (e.g., crowns, inlays,
or on-lays) compared to conventional restorative
materials placed directly into the teeth. This
review included only a single study [66] with a
high risk of performance, detection, and attrition
bias. Higher quality RCTs are needed to reach
clinically meaningful conclusions. These studies
must include random assignment as selection
bias is a common problem in this type of study.
In their clinical study, Prakash et al. (2022)
[67] compared the clinical survival rates of
custom-fabricated cast metal post-and-cores in
cases of anterior and posterior teeth while con-
trolling for the population’s age and gender, type
of post material, length of the post, amount of
alveolar bone tissue supporting the roots, tooth
location in the dental arch, and type of cement
used, as well as the effect of opposing dentition
and the type of definitive prosthetic treatment
received. They reported that no significant
changes were observed between the stability of
the post structures in the anterior and posterior
teeth that were examined, and the survival rates
were found to be similar in both instances. Thus
they concluded that anterior and posterior teeth
with cast metal posts performed at a similar suc-
cess rate for the 1-year period, but suggested lon-
ger follow-up periods to further assess the
findings for future studies.

The studies would also have been improved
had the researchers used standardized evaluation
methods such as modified United States Public
Health Service Commissioned Corps (USPHS)
guidelines for clinical evaluation of dental restor-
ative materials [68]. These criteria focus on (a)
choices of clinically relevant criteria; (b) assess-
ment using simple nominal scales; (c) calibration
of evaluators; (d) two independent evaluations;
(e) nonparametric statistical analysis that recog-
nizes the patient (and not the restoration) as the
independent variable; and (f) additional parame-
ters such as postoperative sensitivity, fracture,
interproximal contact, and occlusal contact [68].

4.2.3 Endodontic Procedures
for Retreatment of Periapical
Lesions

4.2.3.1 Surgical Versus Non-surgical
Therapy

When there is a failure of primary root canal ther-
apy, periapical lesions can be retreated with or
without surgery. Non-surgical root canal retreat-
ment involves the removal of root canal filling
materials from the tooth followed by cleaning,
reshaping, and re-obturation of the canals.
Surgical root-end resection involves exposure of
the periapical lesion through osteotomy, surgical
curettage of the soft tissue infected tissue,
removal of part of the root-end tip to enable
access, disinfection, and, retrograde sealing or
filling of the apical portion of the remaining root
canal.

In their systematic review, Torabinejad et al.
(2009) [69] compared the clinical and radio-
graphic outcomes of nonsurgical retreatment
with those of root end resection to determine
which modality offers more favorable outcomes.
The authors found a significantly higher success
rate for endodontic surgery at 2—4 years (77.8%)
compared with nonsurgical retreatment (70.9%;
P < 0.05). At 4-6 years, however, this relation-
ship was reversed, with nonsurgical retreatment
having a higher success rate of 83.0% compared
with 71.8% for endodontic surgery (P < 0.05).
They concluded that endodontic surgery has
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more favorable initial success, but nonsurgical
retreatment offers a more favorable long-term
outcome. Kang et al. (2015) [70] reported that
endodontic microsurgery and nonsurgical retreat-
ment have 92% and 80% of overall pooled data
success rates, respectively. However, when the
data were organized and analyzed according to
their follow-up periods, a significantly higher
success rate was found for the microsurgery
group in the short-term follow-up (<4 years),
whereas no significant difference was observed
in the long-term follow-up (>4 years), consistent
with what was found in the other studies compar-
ing conventional and surgical treatment [70].
More recently, Del Fabbro et al. (2016) [9]
assessed (1) the effects of surgical and non-
surgical therapy for retreatment of teeth with api-
cal periodontitis; and (2) the effects of surgical
root-end resection under various conditions, like
different materials, devices, or techniques.
Outcomes were assessed by the healing of the
periapical lesion assessed after a 1-year follow-
up or longer; postoperative pain and discomfort;
and adverse effects evaluated through radio-
graphs. The authors found that there is no evi-
dence that a surgical approach leads to better
results compared with non-surgical retreatment
at 1 year or at 4 or 10 years after intervention. But
people who were treated surgically reported more
pain and swelling during the first week after
treatment. With regard to different surgical tech-
niques, healing at 1-year follow-up was improved
by the use of ultrasonic devices, instead of the
traditional bur, for root-end preparation. There
was some evidence of better healing at a 1-year
follow-up when root ends were filled with MTA
as compared to smoothing of orthograde gutta-
percha root filling. The application of a graft
composed of a gel enriched with the patient’s
own platelets to the defect during the surgical
procedure significantly reduced postoperative
pain. The use of a low-energy level laser did not
reduce pain at the surgical site. There was no evi-
dence for the use of antibiotics to reduce postop-
erative infection occurrence. The enhancement of
the surgeon’s view through different ways (surgi-
cal microscope, loupes, and endoscope) did not
lead to different results at least 1 year after the

operation, and results of retreatment were inde-
pendent of the radiographic technique used to
make the diagnosis.

In all, the authors judged the quality of the evi-
dence to be poor [9]; therefore, we cannot rely on
the findings. Out of 20 studies assessed, only one
study had a low risk of bias and the majority of
them had a high risk of bias. Most bias was due to
a lack of allocation concealment and blinding of
operators, participants, and evaluators, and omis-
sion of most information regarding the source of
funding, the characteristics of participants, the
teeth, and the lesions. In many studies, some par-
ticipants had more than one tooth treated and data
were provided with only the tooth and not the
participant considered as the analysis unit. The
authors concluded that future high-quality stud-
ies are needed to understand whether a surgical
or a non-surgical approach should be used, and
which surgical procedures may provide the best
and most predictable results for the healing of
periapical lesions and patient’s quality of life.
They also recommended that future studies
should use standardized techniques and success
criteria, precisely defined outcomes, specific fea-
tures of the periapical lesion and use the
participant, not the tooth, as the analysis unit, and
follow the CONSORT recommendations for
reporting.

4.2.3.2 Retrograde Filling Materials

In a recent Cochrane Review, Li et al. (2021) [71]
compared studies of different retrograde filling
materials with the reported success rate assessed
by clinical or radiological methods and a follow-
up period of at least 12 months. The authors
included eight RCTs published between 1995
and 2019 and they were assessed as being at a
high overall risk of bias. The authors concluded
that due to a lack of robust evidence, the benefits
and risks of different materials used for retro-
grade filling in root canal therapy are unclear.
Future studies are needed with a large number of
participants from different ethnicities and
increased follow-up periods to observe the long-
term effects and safety. More research is also
needed on the use of a chelating agent or accel-
erator to overcome the main drawback of MTA
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and its long setting time. Most studies only have
the participants and the statistical assessor
blinded and not the surgeon or the radiograph
observer. Christiansen (2009) [72] used a practi-
cal method to blind the radiograph observers in
which they exported radiographs from the Digora
system in TIFF format to Adobe Photoshop for-
mat, masking the apical root filling with grey
patches. Future studies could use this methodol-
ogy for blinding.

4.2.4 Antibiotic Use

Symptomatic apical periodontitis and acute api-
cal abscess are common causes of dental pain due
to inflamed or necrotic dental pulp, or infection
of the pulpless root canal system. The treatment
requires the removal of the source of inflamma-
tion or infection by local operative measures.
Systemic antibiotics are currently only recom-
mended for situations where there is evidence/
signs of spreading infection or systemic involve-
ment or in medically/immunocompromised
patients [73-75]. Endodontic conditions like
symptomatic reversible and irreversible pulpitis,
pulpal necrosis, acute apical periodontitis, acute
apical abscess with no systemic involvement, and
chronic apical abscess do not need antibiotic cov-
erage and have no added therapeutic benefit
[73-75].

In a Cochrane review, Cope et al. (2018) [76]
evaluated the effects of systemic antibiotics pro-
vided with or without surgical intervention (such
as extraction, incision and drainage of swelling,
or endodontic treatment), with or without analge-
sics, for symptomatic apical periodontitis and
acute apical abscess in adults. Based on the two
trials included in this review, the authors found
no clear differences in the pain or swelling
reported by participants who received oral antibi-
otics compared with a placebo when provided
alongside the first stage of root canal treatment
and analgesics. However, the authors pointed out
that the studies were small and of poor quality
with a high and unclear risk of attrition bias.
Neither study assessed the effect of antibiotics on

their own, without surgical dental treatment, so
future studies in this area will be helpful.

In an update of the 2016 Cochrane Review
[77], Agnihotry et al. (2019) [78] assessed the ran-
domized controlled trials which compared pain
relief with systemic antibiotics and analgesics,
against placebo and analgesics in the acute preop-
erative phase of irreversible pulpitis. Only one
study [79] of 103 studies screened met the inclu-
sion criteria and was included in the review.
Although this study had a low risk of bias, it was
underpowered with only 20 participants in each
study arm and thus the results were not valid. The
authors still stated that penicillin administration
did not significantly reduce either the pain percep-
tion or the quantity of analgesic medication
required by patients with irreversible pulpitis, not
recognizing the limitations of their work. The evi-
dence certainty was rated low in the Cochrane
Review for different outcomes. Future studies are
needed with robust methodology including a priori
power analyses and appropriate sample sizes that
can provide additional evidence as to whether anti-
biotics, prescribed in the preoperative phase, can
affect treatment outcomes for irreversible pulpitis.

4.2.5 Root Resorption

Root resorption is a progressive process that
leads to the loss of dentin and cementum. This
process is essential for primary dentition as it
leads to the exfoliation of deciduous teeth. But
root resorption in permanent teeth is pathological
and can be classified according to its location,
i.e., internal/external and cervical/apical.

External and internal root resorption can occur
due to mechanical or chemical stimuli such as
infection, pressure, trauma, or rapid orthodontic
tooth movement. Resorption is detected primar-
ily by radiography, but in some cases, it will man-
ifest clinical symptoms such as pain, swelling,
and tooth mobility; and for internal root resorp-
tion, color changes in tooth crown. The treatment
of root resorption is focused on addressing the
cause of the resorption and aiding the restoration
or regeneration of the resorptive lesion.
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4.2.5.1 External Root Resorption

Ahangari et al. (2015) [80] conducted a system-
atic review to assess studies of the effectiveness
of different interventions (root canal medications
and canal filling, splinting or extraction of teeth,
or the surgical removal of any relevant pathol-
ogy) for the management of external root resorp-
tion in permanent teeth. No randomized
controlled trials were found. Most of the studies
in this area are either retrospective with unclear
inclusion criteria or observational studies, espe-
cially since the latter is a better choice for study-
ing prognostic factors. Moreover, the commonly
used two-dimensional (2D) images are not
enough for the accuracy required for the diagno-
sis in these cases. Because of the low quality of
the available evidence, Sondeijker et al. (2020)
[81] could only provide weak recommendations
regarding the prevention of external apical root
resorption and its treatment.

4.2.5.2 Internal Root Resorption

Treatment of internal root resorption ranges from
conventional root canal treatment to endodontic
surgery and emerging treatment using revascular-
ization. Based on three clinical reports, Ashraf
et al. (2020) [82] reported promising results with
revascularization of teeth with internal root
resorption, i.e., previous symptoms disappeared,
existing root resorption was arrested, and the root
canal walls increased in thickness after treatment.
Since these treatments were only carried out in
the last 5 years with 12-24 months follow-up, no
information is available on the revascularization
procedure’s long-term results and durability.

In conclusion, there is a great need for further
research on the management of root resorption to
help clinicians and patients make informed choices
about treatment options for root resorption.

4.2.6 Managing Endodontic
Emergencies

Endodontic emergencies (toothaches) account
for 60—82% of the incidence of all dental emer-
gencies [83]. The goal of the treatment of end-

odontic emergencies is to quickly and effectively
manage pain and infections. Procedural interven-
tions, i.e., pulpotomy and pulpectomy have been
the first line and gold standard for endodontic
emergency treatment with pulpectomy being the
preferred choice of treatment [84].

Overall, studies related to the management of
endodontic emergencies are of low to moderate
quality with short-term follow-ups and limited
generalizability.

There are several adjuncts available for use
with emergency pulpotomy and pulpectomy pro-
cedures: incision and drainage, as adjunctive
therapy is indicated for localized, firm or fluctu-
ant intraoral soft tissue swelling to release fluid
pressure, reduction in microbial and inflamma-
tory mediators, and prevention of spread of infec-
tion to deeper fascial tissues. In their systematic
review and meta-analysis, Zanjir et al. (2020)
[85] found that very low- to moderate-quality
evidence suggests that NSAIDs or NSAIDs plus
acetaminophen administered after nonsurgical
endodontic treatment lead to a clinically relevant
decrease in postoperative pain for patients with
irreversible pulpitis or pulpal necrosis and are the
most effective treatments available. Postoperative
corticosteroids or opioids did not significantly
decrease postoperative pain [85].

A recent systematic review and meta-analysis
by Smith et al. (2017) [86] demonstrated that a
combination of ibuprofen 600 mg and acetamin-
ophen 1000 mg is more effective than a placebo
but not significantly different than ibuprofen
600 mg at 6 h postoperatively. Ibuprofen 600 mg
is more effective than placebo at 6 h postopera-
tively; however, there are insufficient data to rec-
ommend the most effective NSAID, dosage, and
dose interval for postoperative endodontic pain
relief of longer duration in patients with preop-
erative pain. Taggar et al. (2017) [87] compared a
newer ibuprofen formulation with 512 mg dose,
ibuprofen sodium dihydrate with conventional
ibuprofen acid in endodontic pain patients. They
found that in endodontic pain patients, a single
dose of ibuprofen sodium dihydrate provides a
faster onset of pain relief and a greater reduction
in spontaneous and evoked pain compared with
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ibuprofen acid. Although no endodontic treat-
ment was provided in this study, a quicker onset
of action of ibuprofen sodium dehydrate is likely
to benefit patients with post-endodontic pain.
These treatments need to be evaluated over days
or weeks after drug administration but before
completion of endodontic therapy. Future
research is needed to assess the long-term effec-
tiveness of these drugs.

In addition, intramuscular or infiltration injec-
tion of ketorolac trimethamine has been shown to
significantly decrease moderate to severe pulpal
pain over a 3-h tested time or oral administration
of ibuprofen sodium dihydrate over a 1-h time
period [88]. Future studies are needed to evaluate
pain relief over days or weeks after drug admin-
istration but before the completion of endodontic
therapy.

In their systematic review, Alves et al. (2021)
[89] analyzed the influence of occlusal reduction
on the postoperative pain levels after instrumen-
tation and obturation of the root canal. The results
did not reveal a significant difference in the
reduction of postoperative pain levels for end-
odontic instrumentation at 6, 12, 24, 48 h and for
endodontic obturation at 6 or 12 h after occlusal
reduction. There is also no evidence that antibiot-
ics attenuate endodontic pain [90], thus antibiot-
ics prescription in the absence of systemic
involvement must be avoided to prevent antimi-
crobial resistance in patients [91].

Another issue that requires attention in endodon-
tics research is inter-appointment flare-ups during
endodontic treatment or post-endodontic treatment
flare-ups, which are the most common and major
problems faced by endodontists [92]. Flare-ups are
multifactorial in origin and can occur due to
mechanical, chemical, and microbial factors [93].
During endodontic flare-ups, patients have pain
and/or swelling leading to emergency visits for
relief of the associated symptoms [94]. The inci-
dence of endodontic flare-ups ranges from 1.4% to
16% and even up to 50% [95, 96]. Most of these
studies are retrospective in nature. The ones which
are prospective have smaller sample sizes. In addi-
tion, such variability in frequency may be attributed
to the different populations, cultures, and attitudes
to pain, different pathologies, and different treat-
ment and obturation materials and techniques [95].

Treatment of flare-ups includes cortical treph-
ination, reinstrumentation, intracanal medica-
ments, incision and drainage, occlusal relief, and
the use of systemic medication [93]. Because of
the multifactorial nature of flare-ups, there is no
guarantee for a particular treatment strategy to
prevent flare-ups, thus requiring further studies to
develop a procedure to prevent flare-ups [93].

4.2.7 Lasers as Adjunctive
Endodontic Treatment
Modalities

In endodontic treatment, lasers are used thera-
peutically inside the root canal for additional dis-
infection, as an adjunct to irrigants placed into
the canals in combination with a photosensitizer
(antimicrobial photodynamic therapy, aPDT),
and in pain management (photobiomodulation,
PBMT). Studies are needed to confirm the cur-
rent evidence of success as there are major gaps
in the studies. These include lack of: (a) laser
parameter and calculations reporting, e.g., power,
tip or spot size, fluence incorrectly calculated,
pulse duration, energy per pulse, frequency, wet,
or dry canal; and (b) standardized irradiation pro-
tocols reporting regarding the thermal increase in
the root canal system and surrounding tissues.

The majority of studies show improved out-
comes [97]. These studies have used pain, bacte-
rial counts, and radiographic healing as outcome
measures with little consistency between studies
and thus conclusions are hard to draw. Studies
evaluating pain intensity are found to be very het-
erogeneous [98]. Some studies have used a quan-
tification of calcitonin gene-related peptide
(CRGP) in gingival crevicular fluid (GCF) and its
correlation with pain or self-reported visual ana-
log scale (VAS)-pain evaluation [99].

4.2.8 Endodontic Management
of Trauma Dental Injuries

The International Association of Dental
Traumatology [100, 101] and the American
Association of Endodontists [102] developed
guidelines to aid the practitioner in the manage-
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ment and treatment of dental injuries. They
emphasized that although it is impossible to
guarantee permanent retention of a traumatized
tooth, timely treatment of the tooth using recom-
mended procedures can maximize the chances
for success. Further, they pointed out that these
guidelines are not fixed protocols and the varia-
tions in an individual patient’s health, teeth,
physical condition, and personal preferences are
important factors in an endodontist’s treatment
recommendation. Refer to the original guidelines
[100, 101] for details on the management of dif-
ferent types of traumatic injuries. Interventions
for avulsed teeth and reimplanted teeth will be
covered later in this section.

Krastl et al. (2021) [103] reviewed the present
status and future directions of endodontic man-
agement of traumatic injuries to permanent teeth.
They found that there is a lack of high-quality
well-designed studies in this area and suggested
relevant research areas that could contribute to an
improvement in the diagnosis and treatment of
traumatized permanent teeth. The authors noted
that future research should pay greater attention
to: (1) diagnostic methods to assess the perfusion
of the pulp and enhance detection of tooth cracks
and initial signs of root resorption; (2) improved
materials for vital pulp treatment; (3) studies
focusing on type and duration of splinting after
root fractures; (4) antiresorptive intracanal medi-
cation in case of posttraumatic pulp necrosis and
infection-related resorption; and (5) long-term
data on the apical barrier technique compared to
revitalization.

4.2.8.1 Interventions for Avulsed
(Knocked Out) and Replanted
Teeth
One of the most severe tooth injuries is when the
tooth is knocked totally out of the mouth. Often, it
is suggested that the best treatment in this situation
for a permanent tooth is to replant the tooth as
soon as possible. Beyond this logical recommen-
dation, there is inadequate research. The
International Association of Dental Traumatology
[100] recommends handling the avulsed tooth by
the crown only to minimize contamination, wash-
ing in cold running water to remove loose debris,
and immediate reimplantation, if possible. If

immediate reimplantation is not possible, the
guidelines recommend placement of an avulsed
tooth in milk, Hanks Balanced Salt Solution,
patient’s saliva in a clean container), or saline in
the order of decreasing preference. The expecta-
tion is that the replanted tooth would heal by peri-
odontal healing if managed correctly. If the
periodontal ligaments are damaged, healing occurs
by bony replacement where the root is replaced
with bone and the tooth is eventually lost.

A 2019 Cochrane review by Day et al. [11]
investigated the treatments that encourage the
replanted tooth to repair by periodontal healing.
Different treatment modalities included hyper-
baric oxygen, root canal pastes (Ledermix versus
Ultracal), removal of the nerve of the tooth (pulp
extirpation), and soaking the knocked-out tooth in
thymosin alpha 1. The review concluded that the
majority of the studies did not follow CONSORT
guidance and thus there was insufficient evidence
to draw conclusions regarding the superiority of
different interventions for avulsed (knocked out)
and replanted teeth (e.g., hyperbaric oxygen, root
canal pastes like Ledermix versus Ultracal, pulp
extirpation, and soaking the knocked out tooth in
thymosin alpha) with clinical outcomes of peri-
odontal healing, tooth survival, pulpal healing,
pain, and aesthetics (discoloration).

Kenny et al. (2018) [104] developed an inter-
nationally agreed core outcome set (COS) for
Traumatic Dental Injuries for both children and
adults using the Delphi research methodology.
These outcomes provide guidance on when, how,
and by whom these outcomes should be mea-
sured; and are drawn from six domains: injury
activity, physical consequences of the disease,
functional status, social outcomes and quality of
life, side effects of therapy, and health resource
utilization. The authors emphasized that COS is
dynamic, needs to be validated, and requires
implementation research to ensure the COS is “fit
for purpose.”

4.2.9 EndodonticTissue
Engineering

Endodontic tissue engineering consists of various
approaches based on the orthograde introduction
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of scaffolds or biomaterials (with or without
cells) into the root canal to achieve pulp tissue
regeneration [105]. This term is also used syn-
onymously with regenerative endodontic proce-
dures or pulp revitalization [106]. These
therapeutic procedures are mostly used for imma-
ture teeth with pulp necrosis and apical periodon-
titis. Recently, these procedures have been tested
in mature teeth as well. Revitalization is a regen-
erative endodontic treatment option for immature
teeth where bleeding is induced into the root
canal resulting in a blood coagulum that is cov-
ered with collagen and sealed with a hydraulic
calcium silicate cement. The coagulum trans-
forms into a repair tissue enabling the regaining
of vitality and cold sensitivity. The additional
advantage is an increased chance of increasing
root length and dentine wall thickness can
improve the tooth’s mechanical strength.

For mature teeth with fully developed roots
and pulp necrosis, the comparison of tooth sur-
vival and periapical health with revitalization
versus RCT treatment options has shown mostly
inconclusive findings due to a lack of robust stud-
ies as well relatively newer treatment options for
revitalization. In their systematic review,
Widbiller et al. [105] reported finding a high sur-
vival with endodontic tissue engineering in
mature and immature teeth, but there was a mod-
erate risk of bias due to methodological limita-
tions in the included studies. There was a lack of
a robust control group and outcomes besides den-
tal survival. Future clinical trials are needed to
address methodological as well as assessment
concerns and report long-term results.

4.2.10 Use of Cone Beam Computed
Tomography (CBCT)
in Endodontics

Intraoral and panoramic radiography provides a
2D representation of three-dimensional anatomic
structures. However, in some cases, complex
anatomy and surrounding structures can make the
interpretation of planar images difficult. With
CBCT, one can visualize the dentition, the maxil-
lofacial skeleton, and the relationship of anatomic
structures in three dimensions. However, CBCT

has limitations, including a possible higher radia-
tion dose to the patient, potential for artifact gen-
eration, high levels of scatter and noise, and
variations in dose distribution within a volume of
interest [107]. In 2015, the AAE and the American
Academy of Oral and Maxillofacial Radiology
issued a joint position statement on the use of
CBCT in endodontics and provided 14 specific
recommendations and supporting evidence for
when CBCT should be considered [107] (Box
4.2). They recommended that CBCT should be
used only when the patient’s history and a clinical
examination demonstrate that the benefits to the
patient outweigh the potential risks, and it should
be used only when the need for imaging cannot be
met by lower dose 2D radiography [107]. CBCT
should not be used routinely for endodontic diag-
nosis or for screening purposes in the absence of
clinical signs and symptoms.

Box 4.2 Recommendations from the AAE
and the American Academy of Oral and
Maxillofacial Radiology [107] on the Use of
CBCT in Endodontics

Diagnosis

Recommendation 1I: Intraoral radio-
graphs should be considered the imaging
modality of choice in the evaluation of the
endodontic patient.

Recommendation 2: Limited FOV (field
of view) CBCT should be considered the
imaging modality of choice for diagnosis
in patients who present with contradictory
or nonspecific clinical signs and symptoms
associated with untreated or previously
endodontically treated teeth.

Initial treatment

Preoperative

Recommendation 3: Limited FOV
CBCT should be considered the imaging
modality of choice for initial treatment of
teeth with the potential for extra canals and
suspected complex morphology, such as
mandibular anterior teeth, and maxillary
and mandibular premolars and molars, and
dental anomalies.
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Intraoperative

Recommendation 4: If a preoperative
CBCT has not been taken, limited FOV
CBCT should be considered as the imaging
modality of choice for intra-appointment
identification and localization of calcified
canals.

Postoperative

Recommendation 5: Intraoral radio-
graphs should be considered the imaging
modality of choice for immediate postop-
erative imaging.

Nonsurgical retreatment

Recommendation 6: Limited FOV CBCT
should be considered the imaging modality
of choice if clinical examination and 2D
intraoral radiography are inconclusive in the
detection of vertical root fracture.

Recommendation 7: Limited FOV
CBCT should be the imaging modality of
choice when evaluating the nonhealing of
previous endodontic treatment to help
determine the need for further treatment,
such as nonsurgical, surgical, or extraction.

Recommendation 8: Limited FOV
CBCT should be the imaging modality of
choice for nonsurgical retreatment to assess
endodontic treatment complications, such
as overextended root canal obturation
material, separated endodontic instru-
ments, and localization of perforations.

Surgical retreatment

Recommendation 9: Limited FOV
CBCT should be considered as the imaging
modality of choice for presurgical treat-
ment planning to localize root apex/apices
and to evaluate the proximity to adjacent
anatomical structures.

Special conditions

Implant placement

Recommendation 10: Limited FOV
CBCT should be considered as the imaging
modality of choice for surgical placement
of implants.

Traumatic injuries

Recommendation 11: Limited FOV
CBCT should be considered the imaging

modality of choice for diagnosis and man-
agement of limited dento-alveolar trauma,
root fractures, luxation, and/or displace-
ment of teeth and localized alveolar frac-
tures, in the absence of other maxillofacial
or soft tissue injury that may require other
advanced imaging modalities.

Resorptive defects

Recommendation 12: Limited FOV
CBCT is the imaging modality of choice in
the localization and differentiation of exter-
nal and internal resorptive defects and the
determination of appropriate treatment and
prognosis.

Outcome assessment

Recommendation 13: In the absence of
clinical signs or symptoms, intraoral radio-
graphs should be considered the imaging
modality of choice for the evaluation of
healing following nonsurgical and surgical
endodontic treatment.

Recommendation 14: In the absence of
signs and symptoms, if limited FOV CBCT
was the imaging modality of choice at the
time of evaluation and treatment, it may be
the modality of choice for follow-up evalu-
ation. In the presence of signs and symp-
toms, refer to Recommendation #7.

A recent narrative literature review by Patel
et al. (2019) [108] concluded that it is clear that
the additional information provided by CBCT
may improve diagnostic accuracy and confi-
dence in decision-making as well as have an
impact on treatment planning. And that more
clinical studies are required to assess the long-
term impact of CBCT on the outcomes of end-
odontic treatment. The authors also noted that
each scan must be optimized to reduce patient
exposure by adjusting the CBCT settings to
allow each examination to be personalized to
the individual patient and the diagnostic needs,
rather than just using the manufacturer’s default
settings. Finally, if CBCT is used in research,
then the study protocols need to include training
and certification of the radiologist or technician
to assure fidelity.
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4.2.11 Clinical Versus Histological
Endodontic Diagnosis

One of the critical steps in randomized clinical tri-
als is choosing valid classification measures, crite-
ria, and diagnostic tests. Histological examination
is the most accurate method for assessment of
pulpal status by which the extent of inflammation
or presence of necrosis is observed [109, 110].
However, it is difficult to determine that clinically.

Naseri et al. (2017) [111] assessed the accuracy
of sensibility tests by correlating them with histo-
logic pulp condition. They found that there was a
significant difference in the normal and a sharp lin-
gered response to heat and cold tests. There was
also a significant difference in the negative response
to electric pulp testing (EPT) between histological
groups. The kappa agreement coefficient between
clinical and histological diagnosis of pulp condition
was 0.843 (P < 0.001), and the accuracy of cold and
heat tests and EPT to detect treatable pulp or untreat-
able pulp states were 78%, 74%, and 62%, respec-
tively. In addition, the sensibility tests diagnosed
untreatable pulpitis with a higher probability (nega-
tive predictive value, NPV = 63%, 67%, 54%, posi-
tive predictive value, PPV = 83%, 91%, 95% for
heat, cold, and EPT, respectively). The authors
noted that to increase the diagnostic accuracy
patient history, clinical signs and symptoms, and
also radiographic findings in conjunction with sen-
sibility tests must be used.

Walid et al. (2019) [110] proposed a classifica-
tion of the different in situ observations to refine
the initial pulp diagnosis. The rationale is that his-
tologically when the pulp is irritated, the vascular
reaction is observed. This also influences the
color and flow of pulp blood which can be seen
with the naked eye. The authors conducted a
22-month prospective conducted cross-sectional
epidemiological study of 133 cases where for
each case, the initial pulpal diagnosis was con-
fronted with the in situ direct observation of the
pulp state, i.e., color change and the flow of pulp
blood. The initial pulpal diagnosis was either
retained or corrected according to the in situ
observation. They found no correlation between
the initial pulpal diagnosis and the final diagnosis
after the in situ observation. The authors reported
that their study results confirm the clinical ambi-
guity of diagnosis. They noted that out of 73 cases

of asymptomatic irreversible pulpitis, only 35
cases were diagnosed correctly. Of 25 cases of
reversible pulpitis, 7 cases were diagnosed as total
necrosis and of 34 cases of symptomatic irrevers-
ible pulpitis, 6 cases were diagnosed with partial
necrosis. Further studies are needed to test the
validity of this proposed classification system
based on the color and flow of pulp blood.

4.3 Research Design

and Methodology

The quality of RCT reporting plays a key role in
assessing the value of the trial. The CONSORT
Statement is an evidence-based, minimum set of
recommendations for reporting randomized trials.
It offers a standardized approach for authors to
report trial findings in a transparent way which
helps in their critical appraisal and interpretation
[112]. The CONSORT Statement includes a
25-item checklist focusing on reporting how the
trial was designed, analyzed, and interpreted; and
a flow diagram displaying the progress of all par-
ticipants through the trial. We will discuss selected
items from this checklist assessing the reporting
quality of RCTs in endodontics. The point here
and made in other sections of this book is that the
CONSORT checklist is a good guide to use in
being sure that study protocols are complete.

4.3.1 Trial Design

The researchers should clearly describe the type
of design and other aspects (e.g. participants indi-
vidually randomized to one of two “parallel”
groups, multi-arm parallel, crossover, cluster, and
factorial designs, trials identifying the superiority
of a new intervention, non-inferiority, or equiva-
lence). The design should also include the unit of
randomization (such as patient, type of dental
practice, lesion, and tooth), allocation ratio, and
phase of the trial for drugs (I-IV).

For example,

“This prospective study was conducted at the
Department of Oral and Maxillofacial Surgery of
the Academic Medical Centre of Amsterdam.
Patients who were referred for endodontic surgical
procedures were recruited to participate in this
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double-blind placebo-controlled clinical trial.
Patients received either a single dose of 600 mg
clindamycin or placebo orally 1 h before incision.
Envelopes contained a study-identification number
with two capsules of either placebo or clindamy-
cin. Blind administration of study drugs was
ensured through the use of labelled sets of
identical-looking tablets. The assisting nurse
supervised drug administration  procedure.
Patients, oral and maxillo-facial surgeons (JL, JF)
and investigators (PV, HA) were blinded to random
allocation throughout the study” [113] (well-
explained study design and allocation).

4.3.2 Study Setting

Reporting information on the settings and loca-
tions is critical to assess the applicability and
generalizability of a trial. Description of types of
settings used in the endodontics RCTs includes
clinics, community centers, academic institu-
tions, single settings versus multicenter, country,
etc. The majority of the RCTs in endodontics
have been conducted in academic settings.

For example,

“A total of 80 patients were selected for the study

who reported to the OPD of Conservative Dentistry

and Endodontics, KGMU, Lucknow, India, out of

which only 69 patients fulfilled the criteria of

inclusion and exclusion and were randomly

divided into three treatment groups (n =23).” [114]
(well-explained study setting).

“Study subjects were recruited from the pool of
patients referred to the Endodontic Clinic for non-
surgical root canal treatment for anterior teeth”
[115] (incomplete description of study setting).

In this example, the study participants are
poorly described but moreover, they are unlikely
to be representative. It is essential for investigators
to design recruitment procedures such that the
study population better represents a typical popu-
lation. The US Food and Drug Administration
(FDA) and many other country drug regulators
require this in order for medical devices to be
cleared or drugs to be approved. Since the majority
of people receive their dental care in community
dental settings and these settings are representative
of the contemporary clinical workforce and patient
populations, RCTs in dental practice-based
research networks (DPBRNs) are encouraged.
One example is the practice-based, randomized

clinical trial which evaluated and compared the
success of direct pulp capping in permanent teeth
with MTA or CaOH (calcium hydroxide) [116].

4.3.3 Randomization

Participants should be assigned to a treatment group
or comparison group randomly. The non-random
process leads to bias and possibly invalid clinical
interpretations. Selection bias, where clinicians try
to match what they think is the best treatment for a
particular participant in clinical studies, leads to
uninterpretable results. Authors should report the
method of sequence generation, for example, a ran-
dom-number table or a computerized random num-
ber generator. The type of randomization and any
details on randomization restriction (e.g., blocking,
blocking size, etc.) should be clearly described.
For example,
“The randomization was performed at the patient
level. Eight patients were included with two teeth,
and for these patients the lot was drawn for the first
tooth whilst the second tooth was assigned to the
opposite treatment method. Both teeth were oper-
ated on the same day. The randomization proce-
dure was as follows: a pool contained 52 marbles
(26 red = Gutta Percha/26 white = MTA); each
drawn marble was given a successive number
(1-52) and then removed from the pool. The proce-
dure was performed and documented in a diary by
a clinical chair-side assistant. The surgeon did not
participate in drawing the lots” [72] (well-
explained randomization).

“The incision technique applied to the mesial or
distal interproximal space was randomly selected”
[117] (incomplete explanation of randomization).

4.3.4 Blinding

Blinding refers to withholding information about the
assigned interventions from participants and person-
nel involved (e.g. participants, healthcare providers,
researchers, those assessing outcomes) in the clini-
cal trial who may be influenced by this knowledge.
The blinding of participants and treatment providers
in endodontics trials is sometimes difficult to achieve
because the involved treatments are visually distin-
guishable. Blinding can be achieved by using asses-
sors that have no knowledge of treatment assignment.
It remains critical to blind outcome assessors; if not
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blinded, they bias the outcomes or may fail to record
possible side effects. The lack of blinding in ran-
domized trials can result in under- or overestimation
of the treatment effect size [118].
For example,
“Two endodontists with 16 and 20 years of clinical
experience extraneous to involved patients and
study design were calibrated. All radiographs were
blindly examined twice at an interval of at least 30
days... After the 1st radiographical recall, only one
patient of the platelet-rich fibrin (PRF) test group
was classified as healed by the blinded examiners
and no significant differences were found between
the two groups [119]” (adequate blinding of out-
come assessors).

It seems that it was not possible in this study to
blind the operator using PRF and participants from
whom blood was drawn for PRF preparation.

4.3.5 Incomplete Outcome Data

It is important to take into consideration if the
missing data is managed and reported in a satisfac-
tory way. For example, there may be situations
when participants did not receive the intended
intervention, inadvertently receives an interven-
tion meant for the other trial arm, or where partici-
pants dropped out or did not come back for
evaluation. The best practice is to assess all out-
comes on all participants and include them in all
analyses, also known as an intention to treat analy-
sis (INT) [120]. INT analysis is typically required
for research published in high-quality journals. It
ensures the maintenance of comparability between
groups as obtained through randomization, main-
tains sample size, and eliminates bias. In addition,
results obtained in such analysis more closely rep-
resent clinical practice, dealing with the “effec-
tiveness” of the intervention rather than “efficacy.”
This is in contrast to per-protocol analysis which
refers to the inclusion in the analysis of only those
participants who strictly adhered to the protocol or
completed the follow-up. Although per-protocol
analysis provides an estimate of the true efficacy
of an intervention, i.e., among those who com-
pleted the treatment as planned, its results do not
represent the real-life situation and likely show an
exaggerated treatment effect.

Incomplete outcome data can lead to attrition
bias if the characteristics of participants with
missing data are different between the random-
ized groups. In studies where there is a loss to
follow-up, the authors typically provide a table
comparing the baseline characteristics of partici-
pants/teeth of the groups that complete the study
and those lost to follow-up. Most high-quality
journals require a flow chart that documents the
number of participants by stage of the study and
the reasons for any loss to follow-up.

For example,

“In a period of 14 months, 399 patients could be
included. Adequate follow-up was obtained from
290 patients (141 bur and 149 ultrasonic). The rel-
atively large number of patients who were lost to
follow-up was categorized as “missing at random”
with no relation to the outcome of treatment. In the
group treated with the ultrasonic device, 24.4%
were lost to follow-up and in the group treated with
a bur, 30.2% of cases had no adequate follow-up.
This difference was not significant (P = 0.191).
Moreover, there was no difference in the distribu-
tion of the type of teeth that were treated between
groups (i.e., lost to follow-up, adequate follow-up,
bur, and ultrasonic) and the number of dropouts
was due to factors unrelated to the intervention of
the treatment” [121]. Only the remaining partici-
pants (n = 290 patients), were included in the anal-
ysis. Thus this study has a high risk of bias due to
incomplete outcome data inclusion and analysis.

“Eighteen patients with periapical lesions were
treated with a modern endodontic surgical proce-
dure (control group). In another 18 patients, as an
adjunct to the surgical procedure, platelet concen-
trate was applied on the root end in liquid form,
within the bone defect in clot form, and over the
suture in liquid form (test group). All patients com-
pleted a questionnaire for evaluation of main
symptoms and daily activities during the first week
after surgery. The outcomes of the questionnaires
of the 2 groups were statistically compared” [122].
All the data was included and reported in the anal-
ysis in a satisfactory manner.

4.3.6 Duration of Follow-Up

Most RCTs in endodontics are quite short, i.e., out-
come assessment in either less than 1 year or
2-5 years. Long-term follow-up studies are needed
to assess the persistence of periapical and peri-
odontal tissue healing, endodontic treatment suc-
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cess outcomes, and factors affecting tooth survival.
A 10-year follow-up study of teeth treated with api-
cal surgery and root-end filling with MTA found
that although the outcomes declared as healed after
1 year remained so in 86.8% of the cases after
10 years and there was a 10% decrease in healed
cases as compared to success rate seen within
5 years [123]. The major limitation for the long-
term follow-up RCTs is the rapid technological
advancement (e.g., use of operating microscopes or
loupes, rotary endodontic instruments for nonsur-
gical retreatment, and microsurgery with ultrasonic
preparation and MTA, retrograde fillings for surgi-
cal retreatment) because of which the treatment
method under question may become obsolete
before long-term results are available [124].

4.3.7 Sample Size Calculations

The sample size determination for a trial should be
planned considering medical, statistical, ethical,
and economic considerations. The clinical trials
should be designed to have enough power to detect
statistically significant and clinically meaningful
treatment effects. The primary and secondary
hypotheses should be clearly defined when calcu-
lating sample size and reported with the results of
the trials. The sample size calculation requires dif-
ferent components, i.e., type I and type II errors,
effect size, or clinical importance difference.
Shahravan et al. (2013) [125] found that sample
size calculations in endodontic clinical trials have
significantly improved in 2009-2010 compared to
2000-2001. The mean sample size for each inter-
vention and control group in clinical trials pub-
lished in 2009-2010 was 37.88 compared to
21.69 in 2000-2001 with increasing sample size
possibly related to improved sample size calcula-
tion in endodontic clinical trials in recent years. On
the other hand, type I and type II errors were not
reported in 10% and 60% of reviewed clinic trials,
respectively, thus further improvements are needed.

For example,

The criterion for significance (alpha) was set at

0.050. The test was two-tailed, which means that

an effect in either direction was interpreted. The
proposed sample size was 140 for each of the 2

groups. The study had a power of 80.1% to yield a
statistically significant result. This computation
assumed that the difference in proportions was
—0.15 (specifically, 0.65 versus 0.80). This effect
was selected as the smallest effect that would be
important to detect, in the sense that any smaller
effect would not be of clinical or substantial sig-
nificance. It is also assumed that this effect in size
is reasonable, in the sense that an effect of this
magnitude could be anticipated in this field of
research [121] (appropriately defined sample size).

44  Current Knowledge Gaps

and Future Directions

As discussed in this chapter, higher quality scien-
tific studies are needed within the field of end-
odontics. There are many knowledge gaps and
important topics worth of future investigation
[126]. For example,

e Factors affecting long-term survival and loss
of root canal-treated tooth

e Frequency of pain and swelling in root canal-
treated tooth with persistent but asymptomatic
periapical inflammation

e Prognostic factors to predict an exacerbation
of asymptomatic periapical inflammation in a
root-filled tooth

e Comparative  effectiveness and  cost-
effectiveness of root canal treatment and
restoration versus extraction and replacement
with fixed prosthesis or an implant

e Comparative effectiveness of surgical versus
non-surgical root canal treatment

e Comparative effectiveness and safety of dif-
ferent surgical procedures for periapical lesion
healing and postoperative quality of life

* Risks to general health when teeth with a peri-
odical inflammatory process remain untreated

* Assessment of new methods of endodontic
diagnosis, treatment modalities, and technol-
ogy, such as devices and materials
Regeneration of a functional pulp-dentin and
periradicular complex

e Standardized clinical and patient-centered out-
comes for determining the endodontic success

e Evidence-based effective patient recruitment
techniques for endodontic trials
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¢ Qualitative research on socioeconomic deter-
minants in endodontics

* Improving provider and patient participation
in practice-based research networks

Future studies should use standardized tech-
niques and success criteria, precisely defined out-
comes and specific features of the periapical
lesion. Investigators should use the participant—
not the tooth—as the analysis unit, if possible.
While studying endodontic success, the relative
effects of some important but easily neglected
factors should be taken into account. E.g., differ-
ing loss of tooth structure when restoring end-
odontically treated teeth, the enrollment of
participants with high and low caries risk, and the
provision of care in different settings. The sur-
vival rate in the posterior endodontically treated
tooth (ETT) should be separately investigated by
tooth type, i.e., premolars versus molars and the
remaining tooth structure or tooth surface loss. In
addition, the benefit of post-placement in poste-
rior ETT restored with resin composite restora-
tion should be also be verified.

4.5 Preferred Reporting Items for
RAndomized Trials in
Endodontics (PRIRATE

Guidelines)

To improve the quality of RCT reporting in end-
odontics, the PRIRATE 2020 guidelines [127]
were developed by modifying and integrating the
CONSORT guidelines [1, 2] and Clinical and
Laboratory Images in Publications (CLIP) prin-
ciple [128] specifically for endodontics. The
PRIRATE guidelines consist of a checklist of 11
sections with 58 individual items and a flow chart
(see Appendix). Some of the major inclusions in
PRIRATE 2020 guidelines are a list of keywords,
the strength of the trial, the conclusion, the impli-
cations of the work on future research, and clini-
cal practice as well as the quality of images.
Since these guidelines are new, future studies are
needed to assess the advantages, limitations, and
effects of the inclusion of these guidelines while
reporting.

4.6 Case Scenario Exercise
(Adapted from Diniz
de-Figueiredo et al., 2020 [64])

4.6.1 Case Scenario

This trial aims to assess post-operative pain
and healing of apical periodontitis follow-
ing endodontic therapy with a reciprocat-
ing system compared to a crown-down
technique with hand files and lateral com-
paction filling.

Questions

1. Provide examples for assessing the outcomes.

2. Discuss an example of study design for this
study.

3. How would you do randomization and alloca-
tion concealment?

Answers

1. Postoperative pain will be assessed during the
7 days after the treatment, using a visual ana-
log scale and a verbal rating scale. Apical
healing will be assessed using the periapical
index score after a 12-month follow-up.

2. This study will be performed from years 1 to
3 in four public endodontic dentistry services
in four different cities in Brazil. This random-
ized pragmatic clinical trial will utilize a two-
arm, parallel design (1:1 allocation ratio
equivalency). The endodontic treatments will
be performed either by combining a single-
file and single-cone technique using the
Reciproc system (experimental group) or by
associating the crown-down hand files with
the lateral compaction obturation technique
(control group).

3. A random list for each study setting will be
created using the website www.sealeden-
velope.com. The treatment to be performed on
each patient will be placed into opaque and
sealed envelopes by a third party not involved
in the study intervention. The dentists who
will perform the clinical procedures will only
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open the envelope at the moment of the inter- they are performing. The patients will not be
vention. Because this is an intervention study, informed of which group they will be allo-
clinicians cannot be blinded by the procedures cated to.

Appendix

PRIRATE 2020: Checklist of items to be included when reporting Randomized Trials in Endodontics®

Item

Reported
on page

Section/topic number Checklist items number

Title la
1b
Keywords 2a
Abstract 3a
3b

3c

3d

3e
3f
Introduction 4a

4b

Methods Sa
Trial design

5b
A priori protocol ~ 5¢

5d

The phrase “randomized clinical trial” or “randomized controlled trial”
must be included in the title.

Details of the specific area(s) of interest using words and phrases that
identify the clinical problem and the intervention(s) must be provided
Keywords indicating the specific area(s) of interest using MeSH terms
must be included

The introduction of the abstract must explain briefly the rationale for the
trial

The aim/objective(s) of the trial must be provided at the end of the
introduction section within the abstract

The methodology section within the abstract must provide essential
information on the nature of the trial (e.g., superiority, non-inferiority,
equivalence), its design (e.g., parallel, split-mouth, crossover), the
inclusion/exclusion criteria, randomization process, blinding process,
and statistical analysis

The results section within the abstract must describe the number of
participants that were randomized and analyzed, the size and direction
(group favored) of the difference(s) between the intervention(s) and
control groups with statistical analysis (p values and 95% CI). Adverse
events or side-effects (if any) must also be reported or if none occurred,
that must be mentioned explicitly

The conclusion section within the abstract must summarize the findings
and emphasize the clinical implication(s) of the results

The prospective registration (number and name of the registry) and
source(s) of funding must be provided

The scientific background and rationale for the trial must be provided,
including the gap(s) or inconsistencies in knowledge

The specific aim/objective (s) of the trial must be provided and the main
clinical research question formulated clearly, preferably using the PICO
framework (Problem/Population, Intervention, Control, and Outcome)
Details of the nature of the trial (superiority, non-inferiority, equivalence
of experimental intervention(s)), its design (parallel, split mouth,
crossover, single/double blinded) and test: control allocation ratio must
be provided. If applicable, important information about the study design
must also be provided, e.g., pragmatic or preference trial, phase (drug
trials), patient or public involvement in planning, etc.

Changes to the methodology after the trial commenced (such as
eligibility criteria) must be provided along with detailed explanations
Details of the ethical approval of the protocol and the process for
obtaining informed consent must be provided

Details of the trial protocol including registration number and name of
registry/clinical database and where it can be accessed (open access
webpage, if applicable) must be provided

(continued)
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Section/topic
Participants
(patients,
operators,
evaluators)

Outcomes
measures

Sample size

Randomization
and allocation
concealment

Blinding

Statistical analysis

Item
number
Se

5f

5g

Sh

Si

5

Sk

Sl

Sm

5n

50

5q

S5r

Checklist items

A list of inclusion and exclusion criteria at the individual/tooth/root
level must be provided

Details of the setting/environment of the trial must be provided. Details
on how many operators were involved in performing the intervention
and control and their relevant experience/qualifications are essential.
The setting where the data were collected must be described. If several
operators are included and/or if it is a multi-center set-up, details of how
standardization/calibration between individuals or centres was achieved
must be provided

The treatments in the intervention (experimental) group(s) must be
described with sufficient detail to allow replication, including how and
when they were actually administered

The intervention(s) or absence of intervention(s) in the control group
must be described with sufficient details to allow replication, including
how and when the intervention(s) was actually administered

The primary and secondary (if any) outcome measures must be
described, including how and when they were assessed and by whom
Details of any changes made to the study outcomes after the
commencement of the trial must be described

If primary or secondary outcomes are to be regarded as surrogate
outcomes, the rationale and empirical support for the connection
between surrogate(s) and the outcome(s) of clinical relevance must be
provided

How the sample size was determined must be described with reference
to the published literature, or a pilot study. The sample size may be
modified after an internal feasibility study. Sample size calculations
should generally refer to the primary outcome measure. If secondary
outcome measures constitute the base for sample size calculation, an
explanation must be provided

Any interim analyses and stopping guidelines must be described, when
applicable

The method used to generate the random allocation sequence along with
any details of the type of restriction (e.g., blocking) if applicable must
be described. The persons responsible for randomization and
recruitment must be provided. For multi-centre trials, a central
randomization procedure is preferred and must be described. The unit of
randomization should be specified and justified. Any stratification
variables must be detailed

Methods for allocation concealment up to the assignment of the
participants into the intervention groups must be described
Information on who was/were blinded after assignment to the
interventions (e.g., participants, care-givers, evaluators) must be
described in detail. Blinding through masking of interventions (e.g.,
similar looking drugs/instruments) should be described. Detailed
reasons for lack of blinding (if applicable) must be described

The statistical methods used for analysis of the primary and secondary
(if any) outcomes, additional subgroup analyses and adjusted analyses
(if applicable) must be described in detail. Consideration of drop-outs
should be included in the calculations

How any cluster effects were managed during the analysis must be
described

Reported
on page
number
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Section/topic
Results

Discussion

Conclusion

Funding details

Conflict of interest

Item
number

6a

6b

6¢

6d
6e

6f

6g

6h

61

Ta

7b
Tc
7d

Te
7f

g
8a

8b
9a

10a

Reported
on page
Checklist items number
The number of participants who were randomly assigned, received the
intended treatment, and were analysed for the primary and secondary (if
any) outcome(s) for each group must be described. A flowchart must be
provided
Reasons for losses/drop-outs and exclusions after randomization must
be described for each group and included in the flow chart. If intention
to treat analyses are used, details of the process must be provided
The dates of recruitment, follow-up, and study duration must be
described
Reason(s) for any early termination of the trial must be described
The baseline demographic and clinical characteristics of each group
must be provided
The results for each group for each primary and secondary (if any)
outcome(s), along with the estimated effect size and its precision, must
be provided
Both absolute and relative effect sizes for binary outcomes must be
provided
The results from any other analyses performed must be described,
including subgroup analyses and adjusted analyses, distinguishing
pre-specified from exploratory
The incidence and management of any adverse effects or unintended
effects in each group must be described
An estimate of the overall internal validity must be provided as well as
the generalizability (external validity, applicability, real-world
relevance) of the trial findings
The rationale for inclusion, exclusion criteria, and study duration must
be provided
An explanation of the clinical relevance of the primary and secondary
outcomes must be provided
A detailed interpretation consistent with results, balancing benefits and
harms, and considering other relevant evidence must be provided
The strength(s) of the trial must be provided
The limitations of the study must be provided, addressing the sources of
potential bias, imprecision and, if applicable, multiplicity of analyses
Implication for future research and clinical practice must be described
A rationale for the conclusion(s) must be provided, and the clinical
significance highlighted
Explicit conclusion(s) from the trial must be provided
Sources of funding and other support (such as supply of drugs,
equipment) as well as the role of funders must be acknowledged and
described
An explicit statement on conflicts of interest must be provided
(continued)
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Item on page
Section/topic number Checklist items number
Quality of images 1la Details of the equipment, software, and settings used to acquire the
(if applicable) image(s) must be described in the text or legend
11b The reason why the image(s) was acquired and the rationale for its
inclusion in the manuscript must be provided in the text. A justification
for all images which involve radiation must be included
11c The circumstances (conditions) under which the image(s) were viewed
and evaluated by the authors must be provided in the text
11d The resolution and any magnification of the image(s) or any
modifications/enhancements (e.g., adjustments for brightness, color
balance, or magnification, image smoothing, staining, etc.) that were
carried out must be described in the text or legend
1le Patient(s) identifiers (names, patient numbers) must be removed to
ensure they are anonymized
11f An interpretation of the findings (meaning and implications) from the
image (s) must be provided in the text
11g The legend associated with each image must describe clearly what the
subject is and what specific feature(s) it illustrates. Images of patients
must describe the age, gender, and ethnicity of the person, if relevant
11h Markers/labels must be used to identify the key information in the
image(s) and defined in the legend
11i The legend of each image must include an explanation whether it is

pre-treatment, intra-treatment, or post-treatment and, if relevant, how
images were standardized over time

2 From Nagendrababu V, Duncan HF, Bjgrndal L, Kvist T, Priya E, Jayaraman J, Pulikkotil SJ, Pigg M, Rechenberg DK,
Vaeth M, Dummer P. (2020) PRIRATE 2020 guidelines for reporting randomized trials in Endodontics: a consensus-
based development. International Endodontic Journal, Mar 20. https://doi.org/10.1111/iej.13294. For further details
visit: http://pride-endodonticguidelines.org/prirate/
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PRIRATE 2020 Flowchart

Aim/objectives of the trial

Ethical approval and protocol
registration

Excluded (n= )
Not meeting inclusion criteria (n= )
Declined to participate (n= )
Other reasons (n=)

Assessed for eligibility (n=)

Randomized (n=)

!

Allocated to intervention (n=) Allocated to intervention/control (n=)

Did not rec:.aive allocated il:tervention . Did not receive allocated
(give reasons) (n=) . intervention/control (give reasons) (n=)

\ 4 \ 4

Received allocated intervention (n=) Received allocated intervention/control (n=)

\ 4 \ 4

Lost to follow-up (give reasons) (n= Lost to follow-up (give reasons) (n=

Allocated intervention analysed (n=) Allocated intervention/control analysed (n=)

Excluded from the analysis (n=) Excluded from the analysis (n:

v

Conclusion(s)

Funding details

Conflict of interest

PRIRATE 2020: Flowchart. (From Nagendrababu V, Duncan HF, Bjgrndal L, Kvist T, Priya E, Jayaraman J, Pulikkotil
SJ, Pigg M, Rechenberg DK, Vaeth M, Dummer P. (2020) PRIRATE 2020 guidelines for reporting randomized trials in
Endodontics: a consensus-based development. International Endodontic Journal, Mar 20. https://doi.org/10.1111/
iej.13294. For further details, visit: http://pride-endodonticguidelines.org/prirate/)
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5.1 Introduction

More than 18,000 randomized-controlled trials
(RCTs) are published every year in medicine
and dentistry, along with tens of thousands of
other clinical studies utilizing different designs.
With the resulting avalanche of findings, one
would expect clear evidence for diagnostic and
management strategies for most conditions.
However, systematic reviews and meta-analyses
of the literature often find a lack of high-level
evidence available supporting one therapy or
strategy over another. The lack of evidence
opens the opportunity for researchers to identify
and address these gaps with new work. The
American Dental Association recognizes Oral
and Maxillofacial Pathology, Oral and
Maxillofacial Radiology, and Oral Medicine as
dental specialties. These three specialties are
also recognized by the dental associations of
many other countries e.g., United Kingdom,
Australia, India, and Canada but not in some
others, e.g., Hong Kong. This chapter provides
an overview, pointing out key design and imple-
mentation challenges of the published RCTs,
and identifying knowledge gaps where future
RCTs are warranted. The main highlights are
presented in Tables 5.1 and 5.2.
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Table 5.1 Summary of the main findings from key randomized controlled trials in oral medicine, oral radiology, and
oral pathology

» Early biopsychosocial intervention is a cost-effective measure in dealing with temporomandibular disorders
(TMD) related pain.

* Autofluorescence and fluorescent probes can provide an accurate diagnosis of oral cancer, assisting the dentist
during daily clinical activity, but it is not yet possible to suggest that this method may replace histopathological
examination.

* There is no evidence to recommend inclusion or exclusion of screening programs for oral cancer using visual
examination in the general population. In addition, no robust evidence exists that indicates whether other screening
methods including toluidine blue, fluorescence imaging, or brush biopsy are either beneficial or harmful.

* Oral Lichen Planus treatment: topical corticosteroids are considered as the first-line therapy. Topical calcineurin
inhibitors are offered as an alternative option.

e Cone beam computed tomography (CBCT) does not reduce the number of post-operative sensory disturbances of
the inferior alveolar nerve (IAN) compared to panoramic radiography after mandibular third molar extraction.

e Burning mouth syndrome treatment: there is low-quality evidence for each short- and long-term outcome
(symptom relief; changes in QoL, taste and feeling of dryness; and side effects) in different types of treatment:
antidepressants and antipsychotics, antiseizure drugs, types of tranquilizers, saliva stimulants, dietary supplements,
directed energy waves, physical barriers, psychological therapies, and treatments applied to the mouth surface.

» There is insufficient evidence to either claim or refute: (1) a benefit of either PRGF inserted into the post
extraction alveolus during dental extractions or wound closure by primary/secondary intention after dental
extractions for prophylaxis of medication-related osteonecrosis of the jaw (MRONI); (2) a benefit for hyperbaric
oxygen therapy as an adjunct to conventional therapy. Limited evidence suggests that there are higher odds of
resolving MRONJ with surgical treatment compared with medical treatment.

Table 5.2 Gaps and opportunities for future randomized controlled trials in oral medicine, oral radiology, and oral
pathology

Topic Gaps and future opportunities
Detection and ¢ Developing and testing comprehensive detection processes involved in the three domains of the
diagnosis biopsychosocial model

e Natural history of oral cancer
* Genetic basis of oral cancer as a prerequisite to the development of molecular markers for
screening
* Tools for detection of oral cancer in early stages
* Efficacy and effectiveness of oral cancer screening to decrease morbidity and mortality
* Evaluating the effectiveness of prevention and opportunistic screening in high-risk groups
e Impact of improved dental access on decision making to seek dental care for detection of
diseases in earlier stages
« Effectiveness of Artificial Intelligence (AI) models for early detection of oral pathologies models
Recruitment ¢ Research participation for racial/ethnic minorities and other underrepresented groups such as
women, low socioeconomic status populations, and older adults
Outcomes e Impact of patient centered interventions on outcomes
e Impact of CBCT reports on therapeutic decision making of patients and clinical outcomes
¢ Impact of descriptive pathology report versus a definitive diagnosis only report on patient
decision-making and outcomes
e Validated tools to measure patient clinical outcomes and quality of life
e Comparing different treatments to improve patient outcomes in dysplasias/pre-malignancies
Disease ¢ Comparison effectiveness of different anti-viral agents on Herpes infection in the presence of
management modifying factors
» Comparative effectiveness of different topical corticosteroid therapy in the treatment of oral
lichen planus
» Effectiveness of alpha-lipoic acid, tricyclic antidepressants and anticonvulsants in the
management of Burning Mouth Syndrome
» Effective preventive strategies for MRONIJ in individuals at risk undergoing dentoalveolar surgery
e Effectiveness of “drug holiday” (stopping medication) to prevent MRONIJ in individuals
receiving oral bisphosphonates or denosumab who require tooth extractions
e Comparison of surgical versus non-surgical protocols or conservative versus aggressive surgical
protocols for the stage-specific treatment of MRONJ
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5.2  Key Research Questions

All providers want to help their patients improve
and reduce the severity of symptoms. They would
like to do this, while doing no harm. Indeed, it is
often quoted as the central tenet of healthcare,
“primum non nocere.” This begs the question, who
decides when a patient has improved? Who
decides what is harmful? These questions about
outcomes and outcome measures are challenging
when designing clinical research trials, particularly
in OM, OP, and OR. The discussion about out-
comes and outcome measures produces interesting
questions and opportunities for future research.

5.3 Choosing Outcome

Measures in RCTs

Deciding upon outcome measures is challenging.
Much of the work in OM aims to reduce acute and
chronic pain. Within pain research in general, and
in specific efforts directed at pain/TMD research
in dentistry, there has been a determined effort to
investigate functional measures as an outcome for
therapeutic success. Pain-related activity interfer-
ence [1, 2], pain disability index, and jaw use
limitation scales [3] have all been suggested to
measure functional improvements. However, in
many RCTs, proxy outcome measures have been
studied (e.g., reduction of ulcer size, inflamma-
tion size, or other measures) [4]. One fruitful ave-
nue for future research is to gain an understanding
of whether the proxy and functional measures are
capturing the real impact of the disorder.

Specific measures, such as reduction of pain
intensity, may make a particular therapy attrac-
tive to providers and patients. However, if there is
no functional improvement for the patient across
biological, psychological, and social functioning
domains, has the therapy really made the patient
better? The use of focused outcome measures,
such as pain intensity, may be a product of treat-
ments having weak treatment effects across mul-
tiple biopsychosocial domains in multiple
patients. Or the management of the disorder
being studied may have minimal impact across
multiple biopsychosocial domains as measured
on currently used functional measures.

5.4 Focusing on Disease
Management
5.4.1 OralLichen Planus (OLP)

A recent Cochrane review evaluated the efficacy
of corticosteroids to treat people with symptoms
of OLP [5]. The authors included 35 RCTs in
their review and assessed the risk of bias using
the Cochrane tool [6]. Out of the 35 studies, 17
were at high risk of bias (because of no blinding,
incomplete outcome data, selective reporting, or
baseline imbalance) [7-23]. It is important to
note that because of high variability in corticoste-
roid formulation, concentration, or dosage regi-
men among studies, it is difficult to evaluate and
compare them. The review concluded that topical
corticosteroids seem to be more effective than
most other treatment modalities except topical
tacrolimus. The benefit of topical tacrolimus over
topical corticosteroids is less clear and topical
tacrolimus seems to cause more adverse effects
than corticosteroids. It has been reported that this
drug could increase the risk of malignant trans-
formation of oral lichen planus [24, 25].

These reviews suggest that future research
studies need to address bias. For example, a vali-
dated standardized system for scoring the clinical
severity of oral lichen planus is required before
comparing the effectiveness of drugs within and
between individuals, and across studies. Patient-
reported outcome measures are needed in assess-
ing treatment. Future trials are needed to compare
different doses and treatment lengths, consider-
ing long-term relapses and adverse effects.
Studies need to be appropriately powered to
detect meaningful differences.

5.4.2 Burning Mouth Syndrome

Burning mouth syndrome is a common painful
condition with symptoms of burning, dryness, or
uncomfortable sensations in the mouth and taste
change, with no obvious underlying medical or
dental cause. Common treatments include drugs
for anxiety, other psychological conditions, and
for increasing saliva production, and protective
local applications to the mouth surface. A 2016
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Cochrane review [26] assessed the effectiveness
and safety of different treatment interventions for
symptom relief and changes in quality of life,
taste, and feeling of mouth dryness. This review
included 23 studies (assessing 1121 people; 83%
were women), published between 1995 and 2015.
The study found low-quality evidence for each
short- and long-term outcome in all treatments
assessed. These treatments included antidepres-
sants and antipsychotics, antiseizure drugs, types
of tranquilizers, saliva stimulants, dietary supple-
ments, directed energy waves, physical barriers
(except side effects, which was assessed as low
quality), psychological therapies, and treatments
applied to the mouth surface. The RCTs demon-
strate considerable heterogeneity in the types of
interventions and how the interventions are deliv-
ered leading to a failure to find an effectiveness
treatment. Many of these trials are too short to
have confidence in their findings. Studies should
include at least 3 months follow-up [26].
Comparability of groups at baseline is very
important especially in terms of intensity of
symptoms, gender, and psychological back-
ground. Valid and reliable patient-reported out-
come measures should be used for the assessment
of pain intensity. Future studies should also ade-
quately report the adverse effects of treatments as
tolerability is an important factor for patients
when making treatment choices [27]. There is
also more research needed to understand the
effect of neuropathic pain treatment and psycho-
logical therapies on burning mouth symptoms.

5.4.3 Medication-Related
Osteonecrosis of the Jaw

Medication-related osteonecrosis of the jaw is a
severe side-effect of certain drugs (e.g., bisphos-
phonates, denosumab and antiangiogenic agents)
used for cancer and osteoporosis treatment. In
this condition, there is progressive destruction of
bone in the mandible or maxilla. It is very chal-
lenging to treat. A recent Cochrane review [28]
concluded that there is insufficient evidence to
either claim or refute: (1) a benefit of either
plasma-rich growth factors inserted into the post-

extraction alveolus during dental extraction or
wound closure by primary/secondary intention
after dental extractions for prevention of osteone-
crosis or (2) a benefit for hyperbaric oxygen ther-
apy as an adjunct to conventional therapy. The
quality of evidence in these studies is low/very
low due to limitations, e.g., participants changing
groups during the study, participants not com-
pleting the study, and outcomes measured at dif-
ferent follow-up times. Results of studies of
treatment once the condition occurs are equally
equivocal. The available studies on management
of jaw necrosis are of medium-to-low quality and
the limited evidence suggested that there are
higher odds of resolving necrosis with surgical
treatment compared with medical treatment [29].

5.4.4 Sjogren’s Syndrome and Oral
Cancer

Diagnostic algorithms are another area where
RCTs can assess clinical approaches. They have
been proposed for temporomandibular disorders
and other orofacial pain conditions including
burning mouth syndrome, pre-malignant lesions,
and Sjogren’s Syndrome. One growing area is the
application of artificial intelligence, machine
learning, and artificial neural networks to help
clinicians diagnose and manage such patients.

Primarily non-randomized studies are found
on the topics of artificial intelligence and head
and neck cancer [30], oral cancer [31], or
Sjogren’s syndrome [32], and no RCTs studying
artificial intelligence were identified in oral
pathology or oral radiology journals leaving a
huge gap.

A systematic review of studies of the use of
artificial intelligence in the diagnosis of head
and neck precancerous and cancerous lesions
found the overall performance of the artificial
intelligence methods comparable to conven-
tional light microscopic histopathological
assessment with added advantages of a faster,
more objective and more reproducible evalua-
tion. But the integration of these methods in the
digital pathology workflow requires a compre-
hensive evaluation of each method based on



5 Randomized Controlled Trials in Oral Medicine, Oral Pathology, and Oral Radiology

103

large datasets assembled across centers and dis-
ciplines. One important problem is the limited
integration of dental records with medical and
hospital systems. Future research opportunities
include the use of deep learning methods for the
development of digital biomarkers and the dis-
covery of novel predictive features to aid in early
detection of head and neck cancer and improve
patient stratification. The goal is to aid the devel-
opment of targeted, patient-specific diagnostics
and therapeutics to reduce head and neck cancer-
associated mortality [30].

Ilhan et al. [31] assessed emerging optical
imaging modalities and novel artificial
intelligence-based approaches to evaluate their
individual and combined utility and implications
for improving oral cancer detection and out-
comes. They concluded that that artificial intelli-
gence approaches combined with imaging can
have a considerable impact on oral cancer out-
comes, with applications ranging from low-cost
screening with smartphone-based probes to
algorithm-guided detection of oral lesion hetero-
geneity and margins using optical coherence
tomography [31].

Kise et al. evaluated the diagnostic perfor-
mance of a deep learning system for the detection
of Sjogren’s syndrome in ultrasonography (US)
images, and compared it with the performance of
inexperienced radiologists [32]. The authors
found that deep learning systems had a high diag-
nostic ability for Sjogren’s syndrome as com-
pared to the performance of an inexperienced
radiologist.

5.5 Thelmportance of Models
in Designing RCTs in Oral

Medicine and Related Fields

Oral medicine research has been conducted in
temporomandibular disorders and orofacial pain
patient populations [33-35], with a focus on the
psychological and social aspects of patient expe-
riences, in addition to the biological aspects. The
model suggests that personal and environmental
factors contribute to the expression of pain and
dysfunction at many levels, thus interventions

such as cognitive-behavioral therapy, targeted at
cognitive, emotional, and behavioral levels,
should be effective in modifying the expression
of pain and dysfunction [36].

However, very few of the other orofacial con-
ditions discussed in this chapter have been stud-
ied based on a biosocial model. Indeed, much of
the existing research is mechanistic and has not
included a clearly stated model and hypotheses.
Without a clear model, it is not possible to decide
which treatments to study and what outcomes
should be primary.

The biopsychosocial model that has been used
in temporomandibular joint disease research sug-
gests that personal and environmental factors
contribute to the expression of pain and dysfunc-
tion at many levels and that interventions such as
cognitive-behavioral therapy targeted at cogni-
tive, emotional, and behavioral levels should be
studied. Similar opportunities exist in other sub-
ject areas discussed in this chapter.

The main findings from key randomized con-
trolled trials in Oral Medicine, Oral Radiology
and Oral Pathology are summarized in Table 5.1.

5.6 Design and Methodology

5.6.1 Risk of Bias
The Consolidated Standards of Reporting Trials
(CONSORT) Statement facilitates assessing risk
of bias and better reporting of randomized clini-
cal trials (RCTs). The design and implementation
issues related to study setting and patient popula-
tion, randomization, allocation concealment,
blinding, and statistical analysis have been dis-
cussed in detail in Chaps. 1 and 2. An example
for these issues in oral cancer detection area is:
The most common screening method for
detecting oral cancer is visual inspection. Other
techniques include the use of toluidine blue, fluo-
rescence imaging, or brush biopsy. The current
evidence that a visual examination as part of a
population-based screening program reduces the
mortality rate of oral cancer in high-risk individ-
uals [37] is limited to one study [38]. Even this
study has a high risk of bias. For example, the
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authors did not include detail of sequence gener-
ation process to ensure random assignment, allo-
cation concealment, drop-outs, and clinical
standardized criteria. There was no analysis of
the impact of clustering on the results and there
was no blinding of the outcome assessment. The
study was done in rural area in Kerala, India, with
a high incidence of oral cavity cancer. Thus, its
applicability to other countries with lower inci-
dence rates is unknown. There is also no robust
evidence that indicates whether other screening
methods including toluidine blue, fluorescence
imaging, or brush biopsy are either beneficial or
harmful [37]. Further RCTs are recommended to
assess the efficacy and cost-effectiveness of a
visual examination as part of a population-based
screening program in low, middle, and high-
income countries. Future RCTs should account
for the method of randomization in the analysis,
do adequate allocation concealment, use stan-
dardized intervention, and have a clear follow-up
procedure [37].

5.6.2 Recruitment Challenges

While planning an RCT, it is critical to recruit
population that allows you to answer the question
and appropriately powering the trial to allow for
determining effect sizes in the specific subgroup
in question. Most RCTs are conducted in research
centers at universities. Participation in these stud-
ies may not be accessible to various societal
groups. RCTs in such settings may not be appli-
cable to all patients with the condition under
investigation. Greater care in the design and con-
duct of RCTs and conducting research that dem-
onstrates errors in conducting research where
access to the widest distribution of participants
could greatly improve the utility and applicability
of such research outcomes.

For example, periapical cemental dysplasia is
most commonly diagnosed in Black females and
there is a dearth of research on the condition—
why is that? Is it because it is mostly “benign”?
The condition has been reported as being painful,
especially in its later stages, but is often reported
as being minimally symptomatic. However, there
is limited data on the pain level, and is it a

“benign” problem if pain arises from these
lesions affecting quality of life. In such cases, the
significant diagnostic error is not in the micro-
scopic or radiographic diagnosis but in the global
diagnosis which includes the pathologic process
and the impact of the condition on the patient. If
it is a “benign” condition, why do some clini-
cians confuse the condition with pulpal pathoses
or worse, biopsy the condition and advocate for
removing the areas within the bone. Is it because
the clinician sees the word dysplasia and assumes
that the bony process is progressively destructive
like mucosal dysplasia? Or is it because of
clinician-inherent biases associated with the
patients that this condition predominantly
affects? Research on factors that inform or distort
clinician decision-making are not prevalent in the
literature. Another important question that arises
relates to conditions that affect predominantly
minority populations. Has the condition, collec-
tively been deemed unworthy of research? Is it
difficult for universities to recruit the patients that
this condition predominantly affects, for
research? For example, an argument could be
made about TMD research outcomes in Black
populations in the United States. They have been
under recruited, resulting in a dearth of research
findings, to the point where some clinicians or
researchers think that being black is postulated to
be protective for the disorder. Since race is a
social construct, can this really be the case, or is
it that the social barriers to research for Black
people in the United States are so great that there
is an under-reporting and under-detection of
TMD and other disorders in that population?

Recurrent aphthous ulceration is a condition
that has a reasonable amount of research study-
ing the pathophysiology. But it is not clear
whether the full spectrum of contributing patho-
physiologic, environmental, psychophysiologi-
cal, and societal elements have been explored. Is
that, in part, due to the condition predominantly
affecting women versus men? In part, the dis-
crepancy may be related to funding, with research
indicating that more grant money is available for
conditions that predominantly affect men, than
for conditions that affect women [39].

A determined effort is needed in design of
RCTs to look at how recruitment takes place.
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Does the appearance of the recruiter matter?
Should different recruiters and different recruit-
ing language be used, depending upon the popu-
lation that is to be recruited. Evidence suggests
that these factors matter. As stated by Sugden and
Moulson [40] “recruitment strategies should not
be randomly selected”—it is incumbent upon
researchers to seek out participants from a wide
variety of groups in society. Relying on a random
selection of people to appear in a clinic or
research project, without actively recruiting a
diverse sample of participants, is unlikely to be
successful. It may be useful to develop an exhaus-
tive list of potential diagnostic and treatment
RCTs in oral medicine/oral pathology/oral radi-
ology. However, a better first step may be to re-
examine the process of design and conduct of
future RCTs within OM, OP, and OR and den-
tistry in general, so that the size, scope, and
design of those RCTs more effectively guides the
profession in processes that improve the health
and quality of life of the patients we serve.

5.6.3 Other Considerations

Since some of the trials were carried out before
CONSORT introduction or before it was a
requirement for publication, it is important to
judiciously assess those studies.

It is also important to differentiate between tri-
als of devices or drugs under US Food and Drug
Administration (FDA) or other government
authority supervision versus investigator-initiated
trials that do not meet FDA/government stan-
dards. The former, for example, discourage the
use of intermediate or proxy outcomes (i.e.,
reports by someone who is not the patient measur-
ing concepts that are only known by the patients
(e.g., symptoms) while the later may do so). Often
the standards for devices or diagnostic tests are
different than those for drugs. Generally, the FDA
requires both disease and patient-oriented out-
comes in phase 3 trials and, hence, these measures
should be well planned during study design.

The FDA has approved several artificial intel-
ligence and machine-learning systems for use in
medicine, but there is an extensive (and expen-
sive) regulatory process. The benefits within den-

tistry may be hard to justify, if left to market
forces alone. Testing FDA approved systems for
cancer of the lip, for instance, in an RCT may be
an approach to begin applying systems in the oro-
facial region.

Artificial intelligence, machine learning, and
artificial neural networks are likely to be “growth
areas” in dentistry in the coming years, particu-
larly in the spheres of oral pathology and oral
radiology. The systems are only as good as the
data they are developed upon. Machine learning
needs large numbers of cases and samples to be
effective. As discussed later, this may be prob-
lematic in a variety of areas within dentistry, par-
ticularly because patient accrual in trials is
difficult and record systems are not shared across
platforms and centers and medical and dental
records are not integrated.

The gaps and opportunities for future random-
ized controlled trials in Oral Medicine, Oral
Radiology, and Oral Pathology are summarized
in Table 5.2.

5.7 Case Scenario Exercise

5.7.1 Case Scenario (Based on
and Adapted from de Souza R,
2022 [41)])

The purpose of the proposed study is to
determine the effectiveness of palatal
brushing in the treatment of denture-related
erythematous stomatitis (DES) in complete
denture wearers. This two-parallel-arm
RCT will be conducted in 3 university clin-
ics in three countries. Participants will be
randomly allocated to receive (i) instruc-
tions for palatal brushing and standard oral/
denture hygiene (“intervention”); or (ii)
standard oral/denture hygiene instructions
only (“control”). Data collection will be
carried out at the baseline and at 3 and
6 months after intervention. Outcomes to
be assessed include the magnitude of oral
Candida carriage and the degree of inflam-
mation of denture-bearing tissues.
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Questions 5.Lodi G, Manfredi M, Mercadante V, Murphy
1. What should be the considerations for such R, Carrozzo M. Interventions for ftreating oral

multi-center trial in 3 different countries?

. During the study, some participants were lost

to follow-up. How would you address this
limitation?

. From a clinical perspective, the study con-

cluded that palatal brushing has demonstrated
a net superiority in reducing clinical signs of
DES. Not only did this method led to signifi-
cant improvement in most participants it also
established a number needed to treat of less
than four patients. How would you clinically
interpret number needed to treat?

Answers

1.

The multicenter design of this study may
result in discrepancies among study partici-
pants from different centers. Thus, subjects
should be compared at baseline to ensure
comparability of the study groups, and the sta-
tistical analysis should assess the influence of
center on the outcomes.

. An imputation strategy can be used to show

that incomplete data has not led to biased
results.

. This means that clinician recommending palatal

brushing to address DES will need to treat four
patients to see an improvement in one of them,
compared to standard hygiene instructions.
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6.1 Introduction

Oral and maxillofacial surgery (OMS) is argu-
ably the broadest topic in dentistry; it consists of
the intersection of dentistry and medicine, anes-
thesia and surgery, esthetics and function, bio-
logic and material sciences, human behavior, and
anatomy. As such, scientific articles that guide
the practice of OMS may be found in multiple
types of publications, including journals covering
dentistry, OMS, plastic and reconstructive sur-
gery, otolaryngology, emergency medicine, criti-
cal care, and anesthesia, to name a few. The
authors organized this chapter into the following
eight content-based sections:

e General medicine and oral surgery
e Outpatient anesthesia
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* Dentoalveolar surgery

e Orthognathic surgery

* Facial trauma

e Pathology

e Reconstruction

e Temporomandibular disorders

These topics are presented in this order to
begin broadly and grow increasingly specific.
Three categories within the scope of OMS were
intentionally excluded: head and neck oncol-
ogy, facial cosmetic surgery, and dental
implants. Oncology and cosmetic surgery were
not included because only a small portion of
OMS providers subspecialize in these areas,
and the amount of literature on these topics is
not appropriate for a textbook aimed at a dental
audience. Dental implants were not included
because they are discussed elsewhere in this
textbook.

As the goal of this chapter is to aid the bud-
ding surgeon—scientist in designing and carrying
out the studies needed in the future of oral and
maxillofacial surgery, we begin by laying out the
goals of randomized controlled trials (RCTs),
followed by a review of existing literature in both
content and quality, and we conclude by address-
ing gaps and common problems that exist within
the literature. In doing so, we propose four con-
crete recommendations in methodology to opti-
mize the yield from future studies with minimal
bias.
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6.2  Goals and Prerequisites

of Randomized Clinical Trials

The goal of a randomized trial is to assess the
impact of an intervention (e.g., surgical technique,
medication, etc.), while attempting to minimize
bias from other patient characteristics that could
affect the outcome(s). Some elements of RCT
study design are similar to those of other study
types; for instance, studies that enroll patients at
multiple centers are more likely to have results that
are broadly generalizable, whereas single-center
investigations may have results that only reflect
local practice patterns and are not generalizable to
other settings. However, there are several RCT-
specific design elements that can influence whether
the trial is successful at achieving unbiased (or
minimally biased) results. Many of these elements
are reflected in the international standards estab-
lished by the Consolidated Standards Of Reporting
Trials (CONSORT) group for reporting of RCT
results. This chapter will address some of the criti-
cal elements for reducing the risk of bias when
designing and performing an RCT:

¢ Randomize to equally distribute patient
characteristics within an adequate sample
size: Ideally, randomization will ensure that
patient characteristics—such as age, body
mass index, comorbid conditions, and other
relevant factors—are equally represented
among patients who receive an intervention
and those who do not. Randomization may be
unsuccessful (i.e. intervention and control
groups have different compositions) espe-
cially in trials with small numbers, which may
introduce bias and lead to flawed results.

¢ Blind patients to their study arm assign-
ment: Blind patients refer to participants not
knowing their study arm assignment (i.e.,
intervention or control group). For instance,
control-arm subjects may receive a placebo or
“sham” surgery to ensure that they are unaware
of group assignments. Split-mouth designs are
a unique approach in dentistry in which the
intervention is applied to a randomly selected
half of the mouth; in this case, each subject
serves as his/her own control, and patients are

blinded as to which side received which
treatment.

* Aim to collect outcomes data from all
enrolled patients: Patients who complete a
trial may have different baseline characteris-
tics (i.e. demographics, comorbidities, and
socioeconomic status) or other confounding
variables compared to those who are lost to
follow-up. Studies with a substantial amount
of missing data have a higher risk of reporting
biased results.

e Blind the researchers doing outcomes
assessments: Individuals on the study team
who interpret patient outcomes should also be
blinded to patient assignment (i.e. control vs.
intervention) since this knowledge could
affect their assessments.

e Assure clinical equipoise: There should be
true uncertainty as to what the effect is of the
proposed intervention. If an intervention is
known absolutely to be beneficial, it would be
unethical to assign a subject to the control
group. Conversely, a trial should not be con-
ducted if an intervention is known to have a
net harm greater than the standard of care.
Ongoing monitoring of patient outcomes
should be done throughout a trial, with very
clear early results sometimes necessitating
early termination of the trial. Collaboration
with an Institutional Review Board is essential
when developing the protocol for an RCT and
carrying it out.

6.3  Study Selection

The process for inclusion in this chapter began
with the lead author (AG) compiling a list of
search terms relevant to each of the content sec-
tions. This can be found in Appendix. With the
assistance of a medical librarian (AH), these
search terms were applied to generate a prelimi-
nary list of articles that were de-duplicated and
reviewed by one author (SU) to exclude studies
that were not randomized trials. AG then reviewed
the remaining abstracts to select for full-text
review, which were analyzed for content by AG
and for quality by BM.
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Table 6.1 Summary statistics on eligible trials included in the chapter

Sample size Risk of bias

Eligible Trials <50 Single-center Some Study

trials Median patients studies Low concerns High diagram
General 12 64 4 (33%) 12 (100%) 0 (0%) 10(83%) 2(17%) 3 (25%)
medicine
Outpatient 11 60 4 (36%) 11 (100%) 4 (36%) 7 (64%) 0 (0%) 0 (0%)
anesthesia
Dentoalveolar ~ 87 46 51 (59%) 85 (98%) 5(6%) 56 (64%) 26 (30%) 28 (32%)
surgery
Orthognathic 57 37 39 (68%) 49 (86%) 0(0%) 44 (77%) 13(23%) 13 (23%)
Facial trauma 29 43 15 (52%) 27 (93%) 5(17%) 9 (31%) 15 (52%) 4 (14%)
Pathology 5 33 4 (80%) 5 (100%) 1(20%) 2 (40%) 2 (40%)  0(0%)
Reconstruction 16 48 9 (60%) 14 (88%) 0 (0% 14 (88%) 2(13%) 2 (13%)
TMD 15 40 13 (87%) 14 (93%) 0 (0%) 11 (73%) 4 Q27%) 1(1%)
Overall 232 45.5 139 (60%) 217 (94%) 15 (6%) 152 (66%) 64 (28%) 51 (22%)

Of an initial set of 4587 de-duplicated titles,
435 abstracts met the criteria for initial review,
which yielded 232 articles for full-text review
and inclusion in this chapter. An overview of the
summary statistics on the included studies is
given in Table 6.1.

6.4 Quality Assessment

The quality of each study was assessed in three
ways: sample size and number of enrolling insti-
tutions; risk of bias; and whether the study used a
CONSORT or similar diagram.

First, the sample size and the number of
enrolling institutions were used as basic mea-
sures of study precision and generalizability.
There is no ideal enrollment target for a given
trial; sample sizes should vary based on antici-
pated effect sizes, the population-level variability
(i.e., standard deviation) in the primary outcome,
and the desired statistical power. Nonetheless,
there are recommendations regarding minimum
sample sizes. Simulations of two-arm RCTs sug-
gest that bias is notably greater in trials with sam-
ples of fewer than 50 patients (e.g., 25 patients
per study arm), and a target of 70 patients has
been proposed as a minimum sample size for
achieving reasonable precision of results [1].

As a preliminary assessment of this aspect of
quality, we report the median number of patients

in the eligible studies of each content section, as
well as the proportion of trials that enrolled at
least 50 patients. More conservative approaches
to evaluating RCT sample size could use a higher
threshold (e.g., 70 patients) or identify whether a
formal sample size assessment was conducted for
each study.

Second, the risk of bias was assessed using
four domains of potential bias from the revised
Cochrane risk-of-bias tool for randomized trials
(ROB2) [1]. The four domains were assessed
with several questions that we adopted from the
ROB2 tool, as shown below. Each domain was
assigned one of three possible judgments (low
risk of bias, some concerns of bias, and high risk
of bias) as described by the Cochrane ROB2
algorithm, and each study received an overall risk
of bias score defined by the highest risk in any of
the four domains.

* Domain 1: Risk of bias from the random-
ization process. Was the allocation sequence
random, and was it concealed until partici-
pants were enrolled? Were there baseline dif-
ferences between groups that suggested a
problem with randomization? Techniques
such as alternating assignment or assignment
based on dates (e.g., birth date) are predictable
and are not truly random; assignment tech-
niques such as computer-generated random
number lists, drawing envelopes, or flipping
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coins are preferred. Even if the approach to
assignment is random, study arms may none-
theless differ in critical ways (e.g., age,
comorbidities, etc.) that could introduce bias.

* Domain 2: Risk of bias due to deviations
from the intended interventions. Were study
participants or experimenters aware of
assigned interventions during the trial? Were
there deviations from the intended interven-
tions? Were these deviations likely to have
affected the outcome? Even if subjects were
appropriately randomized, could adherence to
study protocols differ if they or the staff were
aware of the assigned study arm.

¢ Domain 3: Risk of bias due to missing out-
come data. Were data for this outcome avail-
able for all (or nearly all) participants who
were randomized? If no, could the result have
been biased because of this missing data? Is it
likely that certain data were missing because
of the value (i.e. result) of those data? Study
results could be biased if participants in a cer-
tain study arm were systematically less likely
to complete study follow-up.

¢ Domain 4: Risk of bias in measurement of
the outcome. Was the method of outcome mea-
surement appropriate? Could the measurement
of the outcome have differed between groups?
Were assessors aware of the interventions
received by study participants? If so, could this
knowledge have influenced their assessment of
the outcome? Despite appropriate randomiza-
tion and full collection of outcome data, results
could still be biased if outcome assessments
were measured differently based on the study
arm or if outcome assessors were not blinded to
patient assignment.

Third, we report whether each study included
a diagram of participants’ enrollment, random-
ization, receipt of interventions, and completion
of follow-up. The CONSORT diagram is the
most widely used standard and is highly recom-
mended for inclusion in reporting of all random-
ized trials, but we also gave credit for using other
similar diagrams if they met most CONSORT
criteria (e.g., a diagram that included enrollment,
allocation, and follow-up but failed to address
data analysis). Reporting these basic characteris-

tics assist readers in interpreting the overall study
quality and generalizability of its results.

6.5 Topic-Specific Content
Review
6.5.1 General Medicine and Oral

Surgery

This section addresses study questions relating to
the types of precautions or modifications to oral
surgery that should be undertaken when treating
a patient with a general health condition. The
main questions of interest are how to safely per-
form oral surgery on a patient with systemic dis-
ease, including control of pain, bleeding, and
optimization of wound healing (Table 6.2).

Content summary: RCTs support the use of
local measures for hemostasis rather than altering
the dose of anticoagulants. There is some evi-
dence consistent with the trend that optimization
of oral health decreases other systemic health
sequelae. There is a paucity of evidence from
RCTs on the safety profiles of oral surgery on
patients with cardiovascular, kidney, or liver
disease.

Quality assessment: The General Medicine
category was one of two categories in which
more than half the studies enrolled at least 50
patients. All trials were single-center studies. The
majority of studies (83%) had some concerns
regarding the risk of bias, while the remaining
studies had a high risk of bias.

6.5.1.1 Opportunities for Future Study
Randomized controlled trials that study the inter-
section of oral surgery with general medical con-
ditions can be challenging due to tension between
internal and external validities. For example, the
answer to a dental research question in a popula-
tion of healthy patients may not necessarily be
true among patients with certain medical condi-
tions. Conducting research on patients who both
have specific medical conditions and require cer-
tain dental treatment provides a challenge in
recruitment for adequate sample size, and the risk
of the interventions may be uncertain based on
the systemic diseases themselves.
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Table 6.2 Select content from RCTs covering general medicine and oral surgery

Topic Key findings
Warfarin .

There is no advantage to stopping warfarin or
reducing therapeutic International normalised ratio,
INR goal for tooth extractions [2]. Use of local
measures is supported for post-op bleeding control

Supporting studies
Al-Mubarak (2007)
[2], Sacco (2007)
[3], Queiroz (2018)
[4]

Journal types
Dental, OMS

[3]. TXA® soaked gauze reduces time to immediate

hemostasis [4]
Antiplatelets

dental extractions [7]
Critical care

[8]
Diabetes O
Mellitus

glycemic control [9]
Medication-

related dentists every 12 weeks to reduce the risk of
osteonecrosis developing medication-related
of the jaw osteonecrosis of the jaw (MRONJ) [10]

4TXA tranexamic acid

From both an ethical and a practical stand-
point, one cannot randomize subjects to a given
state of health. As a result, sample sizes analyz-
ing oral surgery topics must be large enough to
represent multiple different states of health in the
population. Appropriate studies would then ana-
lyze the primary exposures and outcomes and
stratify the results based on the medical condi-
tions of interest to examine for an effect. Baseline
characteristics of the subjects in the study arms
should include commonly used metrics to assess
the disease under investigation (e.g., CHADS-2
score for anticoagulation, Hb A lc for diabetes, or
eGFR for chronic kidney disease).

Some specific topics that would be useful to
the dental community include local anesthetic
vasoconstrictor concentration in patients with
cardiovascular disease, use of antibiotics fol-
lowing extractions in patients with diabetes, and
drug holidays and incidence of medication-
related osteonecrosis of the jaw (MRONJ) in the
setting of oral bisphosphonate use. Because
MRON!I is a relatively rare outcome, this study
in particular would need to have a large enough
sample size to pick up a difference in incidence
of disease. This should undoubtedly be a multi-
center study. Partnerships with the companies
that make these medications and/or groups that

Local measures can be used to control bleeding
after dental extractions in patients taking aspirin
[5, 6]. There is no indication to stop aspirin for

Dental treatment is effective in preventing lower
respiratory tract infections in critically ill patients

Extraction of teeth with advanced periodontitis in
patients with Type 2 Diabetes (DM?2) improves

Patients on zoledronic acid should be monitored by

Giudice (2019) [5],
Medeiros (2011) [6],
Brennan (2008) [7]

Implants, OMS,
Dental Research

Infection control &
Epidemiology

Bellissimo-
Rodrigues (2014)
[8]

Khader (2010) [9] Periodontal Research

Craniomacxillofacial
Surgery

Mucke (2016) [10]

research osteoporosis outcomes should be con-
sidered to maximize reach when designing such
a study.

6.5.2 Outpatient Anesthesia

Oral and maxillofacial surgeons in the United
States routinely perform, as a single operator,
surgery and anesthesia simultaneously. This
practice is central to the model of provision of
care to a population where rates of severe dental
phobia have been estimated at 10-20% of the
adult population [11] (Table 6.3).

Content summary: In children, PO administra-
tion of 0.7 mg/kg of midazolam is supported in
combination with inhaled nitrous oxide for anx-
iolysis. Pediatric outpatient IV anesthesia for oral
surgery is not well described in RCTs. In adults
and seniors, [V midazolam improves comfort and
satisfaction and reduces hemodynamic changes
during dental extractions. During an IV anes-
thetic, opioids may be delivered by infusion or in
boluses. Propofol and ketamine can be used with
success, alone or in combination.

Quality assessment: The Anesthesia section
had the best (i.e., lowest) overall risk of bias
among all categories examined (36% low risk
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Table 6.3 Select content from RCTs covering outpatient anesthesia

Supporting
Topic Key findings studies Journal types
Geriatrics e In older patients, use of nitrous oxide or intravenous, Shao (2013)* [12], Medical
IV midazolam produces fewer changes in heart rate Zhao (2007) [13]
(HR) and blood pressure (BP) during dental extractions
than local anesthesia alone [12, 13]
Pediatric oral » The most effective oral pre-medication for children Baygin (2010) Anesthesiology
sedation ages 5-8 prior to nitrous oxide/oxygen is 0.7 mg/kg [14]
midazolam PO [14]
IV sedation *  When combining drugs in a single syringe, the optimal Baygin (2010) Anesthesiology
ratio of propofol: ketamine is 10:1 for continuous IV [14]
infusion [14]
Benzodiazepines ¢ Use of IV Midazolam as a single agent improves Wan (2007) [15]  Stomatology
comfort and satisfaction in adult patients compared to
local anesthesia alone [15]
Opioids * During a propofol infusion, either boluses of fentanyl ~ Kwak (2006) OMS

or infusion of alfentanil provide acceptable
hemodynamics and patient satisfaction [16]

[16], Torun (2017)
[17]

* Remifentanil 0.1 mcg/kg/min leads to higher patient
and surgeon satisfaction than 0.05 mcg/kg/min [17]

*Abstract only reviewed

and 64% some concerns). These results likely
reflected a relatively high proportion of double-
blinded studies that performed well in regard to
both randomization and outcome assessment.
Double-blinded and placebo-controlled trials are
more practical to perform in studies of adminis-
tered medications, in contrast to studies of surgi-
cal interventions. As in the General Medicine
section, the majority of eligible Anesthesia stud-
ies included at least 50 patients. However, all eli-
gible trials in this category were single-center
studies, and none included a study diagram such
as CONSORT.

6.5.2.1 Opportunities for Future Study
Delivery of safe and effective anesthesia is based
on real-time response to the physiology and
behavior of the patient. This includes airway
interventions, dosing and timing of medications,
and appropriate preparation for office safety.
Although in usual practice, oral and maxillo-
facial surgeons practice under the single-provider
model, using a two-provider model for research
would allow the surgeon to be blinded to the
anesthetic regimen and thus more accurately
describe its level of success without risk of bias.
The outcomes of the greatest importance in
anesthesia are quite rare: death or serious injury,

typically resulting from a pulmonary or cardiovas-
cular complication. As such, randomized con-
trolled trials do not make the best model for
assessing these outcomes. It is, however, quite rea-
sonable to create a trial comparing one medication
regimen to another. Appropriate outcomes to con-
sider include depth of sedation, need for airway
interventions, post-operative satisfaction of the sur-
geon and patient, as well as any side effects such as
nausea, vomiting, or post-operative delirium.

The consideration to include of CONSORT or
similar diagram is worth particular mention in
this section, thus adding a representation of
enrollment, study arm allocation, analysis, and
follow-up for the reader to process visually.

6.5.3 Dentoalveolar Surgery

Dentoalveolar surgery is the mainstay of oral and
maxillofacial surgery and consists primarily of
tooth extractions and modification of the bone
and soft tissues of the oral cavity. The content
outlined below relates to intraoperative tech-
niques, medications to reduce symptoms, and
predictors of post-operative outcomes (Table 6.4).

Content summary: RCTs in this section tend
to focus on the third molar surgery, as the case
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Table 6.4 Select content from RCTs covering dentoalveolar surgery

Topic
Periodontal
status of 2nd
molar after 3rd
molar surgery

Adjuncts in 3rd
molar sockets

Bone removal
technique

Lingual nerve
retraction

Coronectomy

Pain control
following dental
extractions

Antibiotics

Key findings

There is not a single flap design that
optimizes this outcome [18, 19]. Simple
suture technique is appropriate [20]

In mesioangular or horizontal impactions,
there is some benefit to placing a
resorbable membrane [21], root planning
[22], and bone grafting obvious defects

[22]

There is no support for routine placement
of platelet-rich-plasma (PRP) or
platelet-rich-fibrin (PRF) into third molar
sockets [23-26]. There is a modest benefit
of dry socket prevention in smokers [27]
Drills are superior to chisels in operating
time and post-operative complications for
3rd molar surgery [28, 29]

Lingual retraction carries 3.4 times the
risk of transient lingual nerve injury
(8.94%) but it is typically reversible.
Buccal flap only technique carries lingual
nerve injury rate of 2.63% but is more
likely to be permanent [30]

In patients with 3rd molar roots
radiographically close to the IA nerve,
extraction yields higher incidence of
nerve injury than coronectomy. Pain and
dry socket are lower in coronectomy
group. No difference in infection rate.
Reoperation secondary to root exposure is
higher in coronectomy group [31]
Combination treatment with non-steroidal
anti-inflammatory drug (NSAID) plus
acetaminophen provides better analgesia
than either drug alone [32]. Addition of
codeine does not improve analgesia [33]
Non-selective NSAIDs and selective
Cox-2 inhibitors are equally effective [34]
Peri-operative administration of oral
pregabalin or NSAID (oral or IV)
improves post-operative pain [35, 36]
Submucosal tramadol 1 mg/kg improves
post-operative pain through 48 h [37]
After extraction of an average of 3.15
teeth, the mean number of opioid pills
consumed is 13 (without dry socket) and
18 (with dry socket) [38]

Evidence from RCTs is mixed for the
routine use of antibiotics for 3rd molar
surgery. The following studies do not
support its use [39—43]. The following
studies do [44—47]. Methods are

heterogeneous

Supporting studies Journal types
Chaves (2008) [19], Laurito ~ Dental hygiene,
(2016) [20], Cetinkaya (2009) Craniofacial
[21], Cortell-Balester (2015)  Surgery, OMS,
[22], Ge (2017) [23] Implant dentistry

Gurbuzer (2008) [24], OMS, Dentistry,
Sammartino (2009) [25], Afat Clinical Practice
(2018) [26], Daugela (2018)

[27], Unsal (2018) [28]

Guo (2012)* [29], Yang Stomatology
(2015) [30]

Shad (2015) [31] Medical
Leung (2009) [32] OMS

Akural (2009) [33], Best Therapeutics,

(2017) [34], Benetello (2007) OMS, Medical
[35], Olmedo-Gaya (2016) Research, OMS,
[36], Pektas (2007) [37], Medicine, Drug
Gonul (2015) [38], Maughan Dependence
(2016) [39]

Rabi (2018) [40], Xue (2014) Dentistry,
[41], Adde (2012) [42], Stomatology,
Ataoglu (2008) [43], Milani  OMS,
(2015) [44], Monaco (2009)

[45], Arteagoitia (2005) [46],

Halpern (2007) [47],

Lopez-Cedrun (2011) [48]

(continued)
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Table 6.4 (continued)

Topic Key findings Supporting studies Journal types
Suturing * Sutures worsen post-operative edema, Ricard (2015) [49], Xavier Stomatology,
trismus, and pain. They should be used to  (2008) [50], Gay-Escoda Dentistry, OMS,
approximate wounds only when (2015) [51], Asher (2019) Oral
necessary [48, 49] [52] Investigations
e Triangular 3rd molar flaps may be closed
with a single suture [50]
¢ Monofilament sutures accumulate less
bacteria than braided sutures [51]
Steroids ¢ Perioperative use of steroids improves Al-Dajani (2017) [53], Ilhan  OMS, Medical,

post-operative pain, swelling, difficulty
eating/speaking, missed school/work.

4-8 mg of dexamethasone, given

systemically by injection or orally is

supported [52-59]
e Steroids alone are not superior to

NSAIDs [60]. Steroids and NSAIDs
together are better than either alone [61,

62]
Gow-Gates technique has higher
anesthetic success rate (97.15% vs.

Local anesthesia *

89.10%) and lower complication rate than

Halstead technique [63]

Chlorhexidine e Chlorhexidine gel may reduce the

gel

*Abstract only reviewed

volume in oral surgery makes this quite reliable
to study. For the administration of mandibular
anesthesia, the Gow-Gates technique is superior
to the Halstead technique. There is not a single
flap design or suturing technique that is optimal
in all cases. Lingual nerve retraction carries a
higher risk of transient nerve injury but a lower
risk of permanent nerve injury than buccal flap
only, and obesity is a risk factor for adverse
effects in third molar surgery.

NSAIDs and acetaminophen together perform
better for post-operative pain control than either
drug alone; the addition of codeine does not
improve analgesia. Patients who undergo multi-
ple tooth extractions can be expected to use an
average of 13 tablets of opioid medication per
3.15 teeth removed. Evidence is mixed on routine
use of antibiotics, while steroids reliably improve
post-operative pain and swelling.

Quality assessment: The large collection of
articles on dentoalveolar surgery represents over
one-third of all literature reviewed for this chap-
ter (87 of 232 studies). The risk of bias was low
in 6%, moderate (some concerns) in 64%, and

incidence of alveolar osteitis [64, 65]

(2014) [54], Vicentini (2018) Pharmacology,
[55], Warraich (2013) [56], Craniofacial
Alcantara (2014) [57], Surgery,
Antunes (2011) [58],

Mico-Llorens (2006) [59],

Kocer (2014) [60], Sotto-

Maior (2011) [61], Barbalho

(2017) [62], Lima (2018) [63]

Hu (2015)* [64] Stomatology
Torres-Lagares (2006) [70], OMS

Torres-Lagares (2010) [71]

high in 30%, similar to our overall sample. Of
these 87 studies, 51 (59%) had a sample size of
under 50 subjects, and only 2 (2%) were multi-
center studies. Almost one-third of trials (28
studies, 32%) included some type of study dia-
gram to illustrate enrollment, receipt of study
intervention, and follow-up.

6.5.3.1 Opportunities for Future Study
Antibiotics and steroids have been described both
in RCTs and in observational studies. It is true
that those at higher risk for infection (older
patients, deeper tooth impactions, longer surgery
time, smokers, and poor local wound care) should
be prescribed antibiotics and that steroids seem
to improve post-operative course without inter-
fering with wound healing. Future studies on this
topic should aim to elucidate the risk—benefit cal-
culations clinicians should undergo when decid-
ing who should be prescribed these medications
around oral surgery.

Important areas for future study include what
exactly should be placed into a third molar socket
in the subset of patients likely to have periodontal
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defects (patients older than 26 with mesioangular
or horizontal impactions).

As there is only one RCT on lingual nerve
retraction and there is great interest in how to
minimize permanent lingual nerve injuries, it is
prudent to perform more studies similar to that of
Shad 2015 [31]. Likewise for inferior alveolar
nerve injury, more studies similar to Leung 2009
[32] examining coronectomy versus extraction
would be appropriate.

Dentoalveolar surgery provides many oppor-
tunities for RCTs. There is a high volume of this
type of surgery performed in both private practice
and institutional settings, and future studies
should be carried out in both realms. The split-
mouth study design lends itself well to this topic.
Specifically, this involves using each subject as
his/her own control, comparing an experimental
intervention on one side to a control on the other.
A key feature should be blinding the researcher
doing the outcomes assessment as to which side
received which treatment. A particular advantage
of this design is that it removes the need for there

to be equal baseline characteristics among groups
of subjects.

6.5.4 Orthognathic Surgery

Orthognathic surgery is always a multi-
disciplinary field, particularly involving OMS,
orthodontics, anesthesia, along with involvement
from cleft teams, when indicated. The literature
outlined includes topics such as hardware

choices, medication management, treatment
planning, and minimization of bleeding
(Table 6.5).

Content summary: Three-day courses of anti-
biotics seem to be optimal following orthogna-
thic surgery. Computer-aided surgical planning is
more accurate than traditional model surgery. A
single dose of pregabalin improves post-operative
pain control. Multiple pharmacologic options
exist for the stabilization of hemodynamics and
hypotensive anesthesia. The use of TXA is sup-
ported to reduce blood loss during bimaxillary

Table 6.5 Select content from RCTs covering orthognathic surgery

Topic Key findings Supporting studies Journal types
Stability » 5-year stability favors maxillary distraction Cheung (2006) Plastic Surgery,
osteogenesis (DO) to one-stage orthognathic [72], Ow (2010) OMS,
surgery in cleft patients [66] [73], Talesh (2011)
» Bilateral sagittal split osteotomy (BSSO) vs. [74]
mandibular DO in Class II advancements show
similar amounts of relapse, slightly favoring DO
[67]
e Intraoral vertical ramus osteotomy (IVRO) +
coronoidectomy is more stable at 1 year than IVRO
alone in mandibular setbacks [68]
Steroids e Dexamethasone 15 mg is not superior to 5 mgin  Lin (2017) [75], Plastic Surgery,
reducing facial swelling, nausea, or vomiting [69]. Semper-Hogg Medicine, OMS
Steroids do not influence neurosensory disturbances (2017) [76], Widar
after orthognathic surgery [70, 71] (2015) [77]
Antibiotics * Three-day courses of post-operative antibiotics are Danda (2010) [78], OMS, Craniofacial

more effective at preventing surgical site infections Wahab (2013) [79], Surgery, Medicine
than 1-day courses, which are more effective than ~ Davis (2017) [80],
just a single dose [72—74]. There is not a benefit of Ghantous (2019)
extending the course longer [75, 76] [81], Kang (2009)
[82]

Computer-aided ¢ This technique reduces neurosensory disturbances Al-Ahmad (2013)  Medical Robotics,
treatment in IVRO [77] [83], Schneider Clinical Oral
planning e In bimaxillary surgery, virtual surgical planning (2019) [84], Investigations,

(VSP) is more accurate than traditional model
surgery [78, 79]

Hanafy (2020) [85] Stomatology

(continued)
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Table 6.5 (continued)

Topic Key findings Supporting studies Journal types
Pain control * A single pre-operative dose of pregabalin improves Ahiskalioglu OMS
post-operative pain, reduces opioid consumption,  (2016) [86]
and lowers nausea/vomiting [80]

Intraoperative ¢ Remifentanil 0.75 mcg/kg/min stabilizes Abukawa (2015) OMS,
medication hemodynamics during Le Fort I osteotomy [81] [87], Farah (2008)  Anesthesiology,
management * There is not a single best pharmacologic protocol  [88], Yoshikawa Medicine

for induced hypotension during orthognathic (2009) [891,

surgery [82—85]. Clonidine, sodium nitroprusside, Mohammadi

nitroglycerin, remifentanil, enalapril, and (2016) [90], Kim

dexmedetomidine are all supported (2015) [91], Ham

e Dexmedetomidine 1 mcg/kg for 10 min during (2014) [92]
emergence reduces cough, tachycardia, and pain.
Agitation is not reduced, and time to eye opening is
longer [86]

Bleeding e Use of tranexamic acid (TXA) 10-20 mg/kg during Apipan (2018) OMS
bimaxillary surgery reduces blood loss. The higher [93], Choi (2009)
doses do not yield more benefit [87, 88]. There is  [94], Kaewpradub
not a benefit of adding TXA to irrigating fluid [89]. (2011) [95], Secher
There may be a higher benefit in women than in (2018) [96], de
men [90] Lange (2008) [97],

* Use of gauze strips soaked with 100 mg cocaine Ervens (2010) [98],
and 2 ml 1:1000 adrenaline placed in the nasal floor Eshghpour (2018)
at the time of Le Fort I osteotomy reduces blood [99]
loss [91]
* Hypotensive anesthesia during Le Fort I osteotomy
reduces blood loss compared to normotension and
hemodilution. Field quality/visibility is also
superior [92]
* Remifentanil 0.1 mcg/kg/min reduces blood loss
during bimaxillary surgery compared to propofol
50 mcg/kg/min [93]

Resorbable * Resorbable screws can be effectively used in Yu (2014) [100], OMS

hardware fixating BSSO mandibular advancements, but are ~ Ueki (2012) [101]
more likely to require post-operative use of elastics
due to rotation around the screws [94]

* Maxillary stability after Le Fort I osteotomy fixated
with absorbable plates is comparable to that of
titanium plates when postoperative
maxillomandibular fixation (MMF) is used [95]

Intraoperative ¢ Cutting a sagittal split with a piezoelectric can be ~ Kohnke (2017) OMS
technique faster than with a combination of Lindemann bur ~ [102], Baas (2015)
and microsaw but does not offer an advantage in [103], Ow (2010)
preventing neurosensory disturbances [96] [104], Politi (2007)
* Distraction osteogenesis for mandibular [105], Toro (2007)
advancement does not have a better rate of [106]

neurosensory disturbance compared to conventional
advancement [97, 98]. Wound infections may be
more prevalent in the DO group [98]

* Intraoperative awakening to check occlusion during
bimaxillary surgery seems to help identify errors in
condylar positioning not noted with manipulation
under general anesthesia [99, 100]

Local * Use of regional blocks during bimaxillary surgery  Chen (2016) [107], OMS,
anesthesia reduces the amount of medication necessary to Espitalier (2011) Craniomaxillofacial
achieve hypotensive anesthesia. This facilitates [108] Surgery

intraoperative BP control and decreases blood loss
[101, 102]
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surgery. Resorbable hardware can be effective,
and the use of local anesthesia regional blocks
reduces the amount of medication necessary to
achieve hypotensive anesthesia. Steroids do not
influence neurosensory disturbances.

Quality assessment: The collection of articles
on orthognathic surgery (57 studies) has a large
proportion of studies (39 trials, 68%) with a sam-
ple size under 50 patients. The risk of bias among
trials in this section (low 0%, some concerns
77%, and high 23%) is slightly higher than the
overall set of studies reviewed, although it
included the largest proportion (14%, 8 trials) of
multi-center studies.

6.5.4.1 Opportunities for Future Study
Various cephalometric analyses have been
developed, including those by Steiner, Downs,
McNamara, Wits, and Ricketts. These analyses
help quantify dentofacial abnormalities, and
randomizing by which analyses are used to
plan treatment followed by assessments of
standardized post-operative photographs may
be a useful study design to consider. Today’s
age of 3D treatment planning will almost cer-
tainly yield updates in facial analysis that can
and should be compared to the tools from the
2D era.

The use of tranexamic acid is well supported
to reduce blood loss during this type of surgery.
Likewise, more studies should be performed to
elucidate which medications should be used in
which contexts for intraoperative control of
hemodynamics.

There is considerable discussion among
orthognathic surgeons about whether to use
plates, positional screws, or lag screws to fixate
the mandible after sagittal split osteotomies.
Appropriate outcomes to analyze include OR
time, stability of the jaw movements, and changes
over time in the mandibular condyles, the last of
which may take several years to study.

Lastly, although there is not much benefit to
comparing traditional stone model surgery to
computer-aided planning for bimaxillary surgery,
there are multiple subtleties of computer-aided
planning that can be studied, including a com-
parison of intraoral scanners to scanned dental

models taken with impression material. Likewise,
multiple approaches can be taken to splint
design—for instance, the use of a palatal strap for
multi-piece Le Fort osteotomies.

Orthognathic surgery is as much an art as it is
a science. In the end, careful analysis of the
above-mentioned factors will help surgeons to
find the harmony of dental occlusion, facial pro-
jection, and esthetics.

6.5.5 Facial Trauma

Management of the patient with facial trauma
may involve coordination among emergency
physicians, dentists, surgeons, and even law
enforcement officials. Acutely, decisions must be
made about airway management, medication
administration, and timing of surgery relative to
the trauma. This produces a tremendous amount
of variability in patterns of injuries and timing of
surgery, and thus yields heterogeneity in the body
of literature on the topic (Table 6.6).

Content summary: The use of antibiotics
intraoperatively for facial trauma is well sup-
ported. There is likely a modest effect of post-
operative antibiotics, although an optimal length
of therapy is not known. Shorter periods of max-
illomandibular fixation (2 weeks) may be effec-
tive for routine fractures treated in a closed
fashion. Multiple different fixation techniques for
the treatment of mandibular fractures are sup-
ported in the literature. Zygomaticomaxillary
complex fractures may have better outcomes
with 3-point fixation than 2-point. Steroids
improve post-operative course in orbital fracture
repair, and the transconjunctival approach is
superior to the subciliary approach in terms of
post-operative scleral show and ectropion.

Quality assessment: Compared to other cate-
gories, the 29 eligible trials in the Facial Trauma
category had the largest proportion of studies
(52%) with a high overall risk of bias. One poten-
tial explanation for this limitation is that blinding
is very difficult in many of these studies; many
also had a relatively high risk of potential bias
due to either subpar execution or poor description
of randomization techniques. The Facial Trauma
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Table 6.6 Select content from RCTs covering facial trauma

Topic Key findings Supporting studies Journal types
Airway management < In panfacial fractures, submental intubation is  Emara (2019) [111] ~ OMS

faster than elective tracheostomy and less

likely to require scar revision [103]

Antibiotics e There is a clear benefit to using intraoperative ~ Chole (1987) [112],  Otolaryngology,
antibiotics in open treatment of mandible Miles (2006) [113], OMS
fractures, particularly when tooth bearing Zix (2013) [114],
segments are involved [104] Soong (2014) [115]

e In patients with mandible fractures treated
with open reduction and internal fixation
(ORIF), who received pre-operative and
intra-operative antibiotics, there is a trend
toward a modest added benefit of post-
operative antibiotics [105]

* In midface and orbital fractures treated with
ORIF, a 1-day course is as effective as a 5-day
course of postoperative prophylactic
antibiotics at preventing wound infections

[106, 107]
Bioresorbable e Bioresorbable plates have higher rates of Ahmed (2013) [116], Physicians and
hardware breakage of screws and plates than titanium Bhatt (2010) [117], Surgeons, OMS,
plates for mandible fractures [108]. These Wittwer (2006) [118], Science and
studies were underpowered to draw Gareb (2017) [119] medicine

conclusions about fracture healing [108, 109]
* A single optimal polymer out of which to
make bioresorbable hardware for zygoma
fractures is not supported, and many perform
as well as titanium in fracture healing and
complication rate. Smoking is a risk factor for
complications in bioresorbable groups [110]
» Use of bioresorbable plates does not reduce
the need for plate removal in facial trauma
[111]
Closed reduction of ¢ Closed reduction of mandible fractures using  Al-Belasy (2005) OMS
mandible fractures maxillomandibular fixation (MMF) for 2 [120], Adeyemi
weeks followed by maintenance of an arch bar (2012) [121], Shetty
for an additional 4 weeks performed as well as  (2008) [122]
6 weeks of MMF. The 2-week MMF group
had earlier improvement in mouth opening
[112]
e Longer MMF groups have more weight loss,
worse oral hygiene, but faster bony healing
[113]
e Oral health-related quality of life is not
significantly different whether mandible
fractures are treated with MMF vs. ORIF [114]
Mandibular condylar ¢ Subcondylar fractures can be treated with Ahuja (2018) [123], OMS, Oral
process fractures equal success using two straight mini-plates or Nogami (2014) [124] rehabilitation
one delta-shaped plate. The delta plate can be
adapted in less time than the two mini-plates
[115]
* Unilateral high condylar fractures with joint
effusion may be treated with equal 12-month
outcomes with MMF or arthrocentesis/
betamethasone injection. Range of motion and
joint pain at 1 and 3 months are less in the
arthrocentesis/joint injection group [116]
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Table 6.6 (continued)
Topic Key findings
ORIF mandible .

fractures (dentate
segment) .

Symphyseal fractures can be treated effectively
with two lag screws or two mini-plates [117]
When treating mandibular fractures with

Supporting studies
Agnihotri (2014)
[125], Agarwal
(2011) [126]

Journal types
OMS

mini-plates, there is no difference between
locking and non-locking plates in terms of
pain, swelling, infection, hardware failure, or

mobility

» Bite force at 6 weeks and 3 months is greater

in the locking plate group [118]

The ladder-style lateral border miniplate
performs as well as the Champy style
miniplate in terms of fracture healing and

ORIF mandibular .
angle fractures

complications [119]

e Champy style miniplate vs. miniplate placed

Al-Moraissi (2015) OMS
[127], Laverick

(2012) [128],

McNamara (2016)

[129]

flat against lateral ramus/body with transbuccal
trocar in angle fractures: plate removal is
required more often in intraoral (Champy)
approach. Transbuccal plate has lower

infection rate [120]

¢ 3rd molar in the line of fracture was not a
predictor of post-op complications in angle
fractures [120]. When randomizing to retention
or removal of 3rd molar in angle fractures,

fracture healing is not affected

* Nerve injury rates are higher when the molar is

removed [121]
Zygomaticomaxillary e
complex fractures

Orbital fractures .

[123, 124]

» Fibrin sealant is superior to buried 6-0 vicryl
sutures for conjunctival wound closure in

Decreased malar height and vertical dystopia
are more common with 2-point (ZF, ZM) than
with 3-point (ZF, ZM, 10) [122]

Use of perioperative steroids decreases
post-operative pain and improves eye opening

Rana (2012) [130] Trials

Kormi (2017) [131],
Flood (1999) [132],
You (2016) [133],
El-Anwar (2017)
[134]

OMS

terms of time to wound healing, post-operative
pain, and periorbital ecchymosis [125]

» Transconjunctival approach is superior to
subciliary approach in terms of postoperative

scleral show and ectropion [126]

category was similar to the overall sample in
regard to the proportion of trials that were con-
ducted in a single center (94%) and the propor-
tion of studies that enrolled fewer than 50 patients
(52%).

6.5.5.1 Opportunities for Future Study

Both anecdotally and as described in observa-
tional studies, facial trauma can be treated in a
variety of different ways. There are principles to
which one must adhere, and then there are a num-
ber of variations on each theme. This includes

surgical approach, fixation style, and order of
treatment of injuries, to name a few variables.
Coordination of multi-center trials would be best
done at tertiary care centers that treat large vol-
umes and varieties of cases, in order to get ade-
quate sample sizes for study despite the
heterogeneity in injury patterns. In fact, the use
of cluster randomization, where the randomiza-
tion is done at the level of the center rather than
the patient, may be well applied in this scenario.
There is a risk of limited external validity, how-
ever, if the cases treated and described at tertiary
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care centers do not reflect the types of cases seen
in the general community.

The background of a facial trauma surgeon
may be in OMS, plastic surgery, otolaryngology,
or even ophthalmology in some cases. The train-
ing in each field has overlap, but trends and spe-
cific foci may be somewhat different. For
instance, the oral surgeon may be more likely to
use the dental occlusion as a guide for facial
reconstruction than the oculoplastic surgeon,
who may use the intercanthal distance.

6.5.6 Pathology

As mentioned in the introduction to this chapter,
the authors have chosen to exclude malignant
pathology from this chapter. Randomized con-
trolled trials on benign pathologic entities of the
mouth and jaws are extremely rare, despite how
common many of these lesions are, including
mucoceles, fibromas, pyogenic granulomas, and
other such soft tissue lesions. This is largely
because simple excision is curative and carries
minimal morbidity, thus not requiring an RCT to
guide treatment. The existing literature to date
leaves a strong desire for RCTs on benign bony
cysts and tumors of the jaws (Table 6.7).
Content summary: The reviewed studies on
benign bony pathology are mixed as to whether
any bone grafting should be done on a defect
after the removal of a pathologic lesion. The
addition of BMP-2 and L-PRF to debridement
sites in MRONIJ is beneficial. There were no

studies on osteomyelitis of the jaws, treatment of
ameloblastomas, or odontogenic keratocysts, all
commonly seen disease processes for oral and
maxillofacial surgeons.

Quality assessment: The Pathology section
appeared to have trials of generally similar qual-
ity as other categories, but other conclusions
about study quality are difficult for this category
as there were only five eligible studies.

6.5.6.1 Opportunities for Future Study
Future studies should explore various treatment
modalities for the odontogenic keratocyst. It is a
common enough lesion (13.8% of odontogenic
tumors) [131] with a high enough recurrence
potential (16-30%) [132] that multiple surgeons
and authors have debated the best way to mini-
mize recurrence potential and surgical morbidity.
While en bloc resection removes the lesion reli-
ably, it has a significant impact on quality of life,
while simple enucleation yields high recurrence
rates. Peripheral ostectomy, cryotherapy, topical
5-FU, or some combination of these modalities
has been studied in the observational literature
and warrants comparisons with RCT design. The
same holds true for ameloblastoma; however, its
higher rate of aggressive activity may make it
more complicated to study. A challenging hurdle
in these types of studies will be follow-up, as the
time to recurrence may be years.

Osteomyelitis of the mandible is often treated
with some combination of debridement and anti-
biotics. The ideal length of antibiotics is not
known, nor is the optimal timing of surgery in

Table 6.7 Select content from RCTs covering oral and maxillofacial pathology

Topic Key findings Supporting studies Journal types
MRONJ ¢ Addition of bone morphogenetic protein 2 Park (2017) [135] OMS
(BMP-2) to leukocyte-platelet-rich fibrin
(L-PRF) after intraoral debridement and primary
closure improves wound healing [127]
Submandibular gland ¢ A submental approach provides a superior Roh (2008) [136] Oral
excision cosmetic outcome compared to a submandibular Oncology
approach without increasing operation time or
complication rates [128]
Bony fill after * Evidence is mixed as to the effect of Ludovichetti (2018)  Stomatology,
enucleation of cysts simultaneous bone grafting and guided bone [137], Santamaria OMS
of the jaws regeneration (GBR) on bony fill after enucleation (1998) [138]

of intrabony cysts of the jaws [129, 130]
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relationship to antibiotics. Multiple details about
types of soft tissue closure and adjuvant therapies
(such as PRP, PRF, and BMP-2) can be studied as
well. Other common pathologic entities without
clear regimens for medical treatment include
lichen planus, aphthous ulcers, and fungal
infections.

6.5.7 Reconstruction

Content summary: The included studies on alve-
olar cleft grafting call into question the conven-
tional practice of iliac crest bone grafts alone, as
the use of barrier membranes and/or BMP-2 is
supported. The ideal technique is still not known
but should balance bone fill, morbidity, and mate-
rial cost/handling properties. If an iliac crest graft
is done, the use of an indwelling catheter-based
infiltration of local anesthetic is effective for
donor-site pain relief. The use of computer-aided
surgical planning, lingual nerve repair cuffs, and
venous couplers are also supported. The optimal
number of implants in a fibula-neomandibular
prosthesis is not known (Table 6.8).

Quality assessment: While none of the 16
reconstruction trials were assigned a low overall
risk of bias, the category also included a relatively
lower proportion of trials with a high overall risk
of bias (12.5%) compared to most other catego-
ries. As with most other categories, a majority of
trials in this category were single-center studies
(87.5%) and enrolled fewer than 50 patients
(60%).

6.5.7.1 Opportunities for Future Study

Pogrel’s landmark study in 1997 [148] supported
the use of non-vascularized bone grafts in man-
dibular defects up to 9 cm; however, as more sur-
geons have become comfortable with vascularized
mandible reconstruction, there has been a trend
toward vascularized bone grafts for continuity
defects greater than 4-5 cm. In this intermediate-
sized range of mandibular reconstruction, it may
be prudent to create a multi-center RCT examin-
ing patient satisfaction, donor site morbidity,
hospital stay, cost, and esthetic and functional
outcomes for implant-based dental rehabilitation

in defects between 3 and 9 cm reconstructed with
vascularized versus non-vascularized bone grafts.

One of the central questions in reconstruction
uniquely facing oral and maxillofacial surgeons
is how best to get a patient from a continuity
defect of the jaws to restored dental occlusion.
Even in observational literature, studies evaluat-
ing this topic have only a small fraction of sub-
jects completing dental rehabilitation. In the
United States, bone grafting a continuity defect is
often covered by medical insurers. The endosse-
ous implants are rarely covered, and the dental
prostheses are almost never covered. Further, the
number of dentists/prosthodontists who can
restore these difficult cases is quite small, and the
process is quite time consuming and expensive.
RCTs in this field, while potentially logistically
difficult and expensive, would be very meaning-
ful. Studying non-vascularized versus vascular-
ized grafts, implant placement at the time of
vascularized free flap versus delayed, and differ-
ent types of prosthetic designs would help guide
the field tremendously. Partnerships with compa-
nies interested in testing specific restorative
materials may be a way to bring these important
studies to reality.

6.5.8 Temporomandibular
Disorders (TMD)

Temporomandibular disorders include pain and
dysfunction involving the bones, articular disc, or
musculature of the jaw. Outcomes of interest are
primarily related to reduction of pain and increase
in range of motion (Table 6.9).

TMJOA temporomandibular joint osteoarthri-
tis, PRP platelet-rich plasma, HA hyaluronic
acid, TMD temporomandibular disorder, VAS
visual analog scale, MIO maximal incisal open-
ing, ROM range of motion

Content summary: There have been multiple
small studies on intra-articular injections, show-
ing promise with multiple techniques. More stud-
ies with careful inclusion criteria are necessary to
see if one regimen proves supreme. For all TMD,
multi-modal therapy with habit/behavior modifi-
cation is beneficial. There is a modest effect of
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Table 6.8 Select content from RCTs covering reconstruction

Topic” Key findings

Alveolar cleft grafting * Alveolar cleft reconstruction with
iliac crest bone graft and BMP-2
yield similar effect on nasal
symmetry [133]

e Iliac bone plus plasma-rich

growth factors yield higher
volume of regenerated bone at 6
months compared to freeze-dried
bone allograft and plasma-rich
growth factors (PRGF) [134]

e Use of a barrier membrane + iliac
bone (GBR technique) reduces
bone resorption and improves
osteogenesis as compared to iliac
crest alone [135]

Preoperative planning and use of
a surgical guide improve oral
health-related quality of life
compared to freehand
reconstruction for mandibular
dental prostheses on a
microvascular free fibula
reconstruction [136]

* Mirroring only the resected
portion of the mandible is more
effective than mirroring the entire
hemimandible when designing a
reconstruction plate [137]

For lingual nerve repairs, use of a
cuff is superior to direct
neurorrhaphy [138]

Couplers should be used rather
than hand-sewing venous
anastomoses. They are faster and
have a trend toward lower
thrombosis rates [139]

* Magnetic resonance angiography
(MRA) is an acceptable
alternative to digital subtraction
angiography in preoperative
planning of free fibula flap
reconstruction [140]

Iliac crest on-lay graft on
edentulous mandible has
comparable amounts of
resorption and bone quality at 3
months whether it is covered with
bioresorbable membrane or
periosteum [141]

Surgical guides .

Lingual nerve repair .

Free flap survival .

Non-vascularized bone grafting

Supporting studies
Alonso (2014)
[141], Shirani
(2017) [142], Xiao
(2016) [143]

Journal types
Plastic Surgery,
Craniomaxillofacial
surgery, OMS

Brandao (2016) Prosthetic Dentistry,

[144], Khalifa OMS
(2016) [145]
Fujita (2014) [146] OMS

Senthil Murugan
(2018) [147], Klein
(2013) [148]

OMS, Microsurgery

Heberer (2009)
[149]

Oral Implants



6 Randomized Controlled Trials in Oral and Maxillofacial Surgery

125

Table 6.8 (continued)

Pain control following anterior ¢
iliac crest harvest

A single dose of bupivacaine does
not reliably reduce postoperative
pain and gait disturbance [142]

* Use of an indwelling catheter-
based infiltration of bupivacaine
or levobupivacaine is effective for
pain relief in the pediatric and
adult populations [143, 144]

* Femoral nerve block causes
motor nerve blockade and delays
ambulation

e In pediatric populations, IV

ketorolac provides comparable

analgesia to the bupivacaine

infusion [145]

Neomandibular (fibula)

prostheses placed on two

implants have higher marginal
bone loss than those placed on
four implants [146], but the
quality of life outcomes is

comparable [147]

Implants placed into .
microvascular free flap

Barkhuysen (2010)
[150], Kumar Raja
(2014) [151],

OMS, General
Surgery, Cleft
Palate-Craniofacial

Coulthard (2008)

[152], Hayes (2011)

[153]

Kumar (2016) Craniomaxillofacial
[154], Kumar Surgery

(2016) [155]

*Reconstruction is a broad topic in itself in oral and maxillofacial surgery. It includes use of bone grafts, rotational or
free vascularized flaps containing bone, muscle, and/or skin, dental implants, and prostheses for teeth, ears, and noses.
Computer-aided surgical planning has revolutionized how all of these are performed In the 21st century.

Table 6.9 Select content from RCTs covering temporomandibular disorders

Topic Key findings
TMJ Osteoarthritis e In patients with TMJOA,
(TMJOA) two injections of sodium

hyaluronate was superior
to corticosteroid in pain
relief and range of motion
[149]. Platelet-rich
plasma (PRP) performs
better than hyaluronic
acid (HA) [150]

* Joint injection with
morphine provides
superior pain relief to
injection with
bupivacaine or saline
[151]

Supporting studies
Bjornland (2007)
[157], Hegab (2015)
[158], Ziegler (2010)
[159]

Journal types
Oral rehabilitation, OMS

(continued)
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Table 6.9 (continued)

Topic Key findings Supporting studies Journal types
Myofascial pain * Counseling for TMD Costa (2015) [160], Facial Pain and Headache, Pain
(habits/behavior Ozkan (2011) [161]

modification) was
effective in improving
headache. The addition of
an occlusal appliance did
not offer additional
therapeutic effect [152]

» Trigger point injections
with local anesthetic
(three times in 2 days) in
combination with splint
therapy is more effective
than splint therapy alone
in Visual Analogue Scale
(VAS) pain scores [153]

Botulinum toxin e There is likely a modest ~ Von Lindern (2003) OMS, Craniomacxillofacial,
effect of botulinum toxin [162], Guarda-Nardini Pain,
on pain and range of (2014) [163], Kurtoglu
motion for patients with ~ (2008) [164], Venancio
myofascial pain (2009) [165],

[154-158], although Guarda-Nardini (2014)

some studies did not find  [166], Ernberg (2011)

an effect [159, 160] [167], Nixdorf (2002)
* Dry needling and [168], Kutuk (2019)

botulinum toxin both [169], Zhang (2016)

have an effect on VAS [170]

pain [161]

e Botulinum toxin also

decreases bite force [162]
Arthrocentesis e Arthrocentesis + PRP Comert Kilic (2016), OMS

performs comparably to ~ Comert Kilic (2015)
arthrocentesis + HA for [171]
TMIOA in terms of pain
and range of motion
(ROM) [163]

* VAS pain and maximum
interincisal opening
(MIO) ROM are
comparable for use of
arthrocentesis + PRP and
arthrocentesis alone for
TMJ OA

e There is some
radiographic evidence
that the PRP group shows
more reparative
remodeling and less
progression of
degeneration [163]

trigger point injections on myofascial pain, arthrocentesis. The literature to date has no RCTs
whether dry needling, local anesthetic, or botuli- on open temporomandibular joint surgery.

num toxin is used. PRP is a promising adjunct for Quality assessment: The eligible trials of
joint injection alone or in combination with TMD were generally small, with 87% of the tri-
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als enrolling fewer than 50 patients. The overall
risk of bias was higher than average in our sam-
ple; 73% of studies received a rating of some
concerns of bias and the remaining 27% were
rated as having a High risk of bias. Randomization
and outcome assessment were the most common
sources of potential bias.

6.5.8.1 Opportunities for Future Study
Non-invasive and minimally invasive treatment
of TMD is performed by enough providers that
it is quite reasonable to design a medium- to
large-scale, multi-center study with strict crite-
ria on pre-intervention pain scores and/or maxi-
mal incisal opening (MIO). Prior studies have
been quite heterogeneous in these inclusion cri-
teria, thus making the impact of the tested inter-
vention difficult to appreciate. Certainly, all
studies on the topic should be in conjunction
with the behavioral therapy that is well sup-
ported. There are relatively few surgeons who
perform full-scope open TMJ surgery, and many
of them have camps to which they belong (in
terms of preferred treatment). In addition, it is
very difficult to decide on the appropriate con-
trol groups, as there is not really a standard of
care for TMD as a whole. It may be reasonable
to randomize one accepted treatment versus
another, although there is heterogeneity in how
these procedures are performed from surgeon to
surgeon. TMJ open surgery is likely the most
difficult area of oral and maxillofacial surgery
to study well, but careful attention to inclusion
and exclusion criteria and outcomes assess-
ments are the keys to steady improvement of the
literature on the topic.

Recommendations Based
on Common Weaknesses
from the Existing Literature

6.6

Our examination of RCTs in oral and maxillofa-
cial surgery identified several concerns regarding
overall study quality. We have four recommenda-
tions for future dental and surgical investigators
to improve the quality of literature in this field:

1. Improve enrollment techniques:

Investigators conducting an RCT should
be purposeful about prespecifying and reach-
ing RCT enrollment goals, and they should
make robust efforts to enroll patients at more
than one institution. More than one-fifth of
studies in this review (51/232, 22%) enrolled
fewer than 25 patients, and the vast majority
of trials (217/232, 94%) were single-center
studies. While RCT sample size require-
ments may vary based on anticipated effect
size, treatment response variability, and
other factors, Teare [2] has suggested that
studies with fewer than 70 subjects are espe-
cially challenging to interpret regarding the
reliability and generalizability of results. In
some studies, it is difficult to randomize indi-
vidual patients to an intervention, such as the
adoption of clinical guidelines or standard of
care across a practice, hospital, or health sys-
tem. Investigations of new interventions that
affect an entire practice or hospital—such as
a new practice guideline or staffing model—
may suffer from "contamination" in which
clinicians are knowingly or unknowingly
influenced by the aspects of the new inter-
vention, even when treating patients assigned
to the control group. In this context, a study
design that randomizes entire clinics or hos-
pital floors to an intervention (e.g., such as
cluster randomized trials or stepped-wedge
randomized trials) may be more effective at
measuring the effect of these interventions.

2. Clearly demonstrate whether patients receive

their assigned interventions and complete
follow-up:

RCTs must clearly state whether patients
received the assigned interventions and
whether they completed follow-up. Even if
randomization is successful, RCTs can be
biased if patients deviate from the intended
assignment (e.g., a patient randomized to the
intervention arm may decline the intervention
and opt for conventional treatment) or if
patients are lost to follow-up. These elements
are two of the key elements in the CONSORT
diagram.
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3. Researcheres who assess patients’ outcomes
must be blinded to study assignments:

Dental and maxillofacial surgery RCTs
should use blinded observers to assess patient
outcomes. This requirement is especially crit-
ical for subjective outcomes such as nerve
function, pain control, or quality of an anes-
thetic that could be influenced by an individu-
al’s knowledge of each patient’s study
assignment. Only 15% of RCTs reviewed in
this chapter (excluding split-mouth studies)
clearly stated that outcome assessors were
unaware of patients’ student assignment.

4. Improve reporting of key RCT elements:

For instance, authors must report the meth-
ods used to randomize study participants and
describe whether randomization was success-
ful. Excluding the split-mouth designs (n = 31),
only 23% of studies in the review clearly stated
the randomization methods used, and only 29%
reported whether there were baseline differ-
ences between control and intervention groups
(e.g., failure of randomization). Similarly, a few
studies explicitly described whether patients
received their assigned interventions or whether
all patients completed follow-up. Many studies
did not describe whether the individuals who
assessed study outcomes were blinded to the
study hypothesis or patient assignment. These
and other fundamental methodological aspects
of randomized trials are addressed by the
CONSORT standards, which were first pub-
lished in 1996 and were most recently updated
in 2010 [164], yet only 20% of RCTs in our
review reported a CONSORT or similar dia-
gram. Improving the reporting of these ele-
ments in dental and maxillofacial surgery RCTs
is a simple recommendation for authors to do
when writing the manuscript.

6.6.1 Communicating Research
Findings to Relevant

Audiences

As the scope of oral and maxillofacial surgery has
overlap with many other fields (in both dentistry
and medicine), target journals for publication vary

among the different content areas. It is worth
reminding the reader that the topic of dental
implants was omitted from this chapter but remains
one of great importance to the oral and maxillofa-
cial surgeon, the periodontist, and the restorative
dentist alike. Plastic surgeons will be particularly
interested in literature on facial trauma, recon-
struction, and orthognathic surgery (especially
involving patients with cleft lip and palate).
Otolaryngologists may benefit from studies on
pathologic entities of the jaws. General dentists
and primary-care physicians will base many man-
agement decisions on literature regarding general
medicine and oral surgery as well as dentoalveolar
surgery. Anesthesiologists will gain important
peri-operative management lessons from the liter-
ature on orthognathic surgery, facial trauma, and
dentoalveolar surgery. Emergency physicians will
gain acute management insight from the literature
particularly on facial trauma and infections, and
lastly pain specialists and orthopedists may have
an interest in our literature on temporomandibular
disorders. When considering publishing in a jour-
nal aimed at a different specialty, authors should
write the manuscript in such a way as to familiar-
ize the target audience with the appropriate amount
of background information as well as the direct
relevance to the reader’s field.

Journals on oral and maxillofacial surgery may
be found at the state, national, and international
levels, with an ever-increasing presence of online
publication platforms. Authors should consider
reviewing journals’ editorial policies and target
those that meet international standards for adher-
ence to CONSORT and also require researchers to
register clinical trials before they are started. Data
transparency and sharing are growing increas-
ingly important as well, and authors should make
their data easy to follow, with the long-term goal
of their trials being accurately included in meta-
analytic work in the future.

6.7  Conclusions

Investigators can take several steps to improve
the quality of future RCTs in dentistry and oral
surgery. The most straightforward way to improve
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generalizability would be to increase sample size
and utilize multicenter designs to build a broader
study population. Researchers and journal editors
could improve also the quality of future RCTs by
requiring manuscripts to include more details
regarding fundamental aspects of the methodol-
ogy. Less than half of RCTs in this review
included sufficient detail regarding the nature of
patient randomization, such as how the assign-
ment was performed (e.g., what was the basis of
randomization) and whether there were baseline
differences in the study arms after randomiza-
tion. Including these data in future studies will
substantially enhance the quality of RCTs in den-
tistry and oral surgery, and it will allow clinicians
to make more informed decisions about incorpo-
rating study results into their practices.

Lastly, the hierarchy of evidence lists random-
ized controlled trials as the gold standard for
individual studies, but not every topic is realisti-
cally studied in this way. Other study designs
may still be indicated when studying outcomes
that are rare or take a very long time to assess, in
diseases with a known best simple treatment, or
for studying exposures that would be unethical to
assign a subject (including harmful effects of
proposed interventions). The aspiring clinician—
scientist who is designing an RCT in oral and
maxillofacial surgery must consider the physiol-
ogy and the logistics of a given disease or inter-
vention in combination with the points discussed
throughout this chapter to recruit a broad and rep-
resentative study population and standardize the
fundamentals of methodology that allow the
researchers to truly compare the intervention to
the control in the purest way.

6.8 Case Scenario Exercise
6.8.1 Case Scenario 1
Questions

1. Discuss the methodological strengths and lim-
itations of the following study. Does it meet
the criteria to be considered a randomized
controlled trial?

Adapted from deCarvalho RW, do Egito
Vasconcelos BC. High weight standard
and removal of third molars: a prospective
randomized study. Oral Surgery, Oral
Medicine, Oral Pathology and Oral
Radiology. 2015;120(5):554-61.18,

Group 1: Consists of subjects who are over-
weight (BMI 25.0-29.9 kg/m?). Age
25.1 £ 2.2 years. F:M = 3:1. 280 surgeries.

Group 2: Consists of subjects who are normal
weight (BMI 18.5-24.9 kg/m?). Age
21.6 £ 1.6 years. F:M = 3:1. 280 surgeries.

Intervention: Surgical removal of impacted
mandibular third molars

Predictor variables being tested: gender, age,
BMI, pathology associated with the
impacted molar, radiographic classifica-
tions of the impacted molar.

Outcome being assessed: adverse intraopera-
tive events.

Results: Adverse events were found in 29.3%
of surgeries in overweight patients and
only 10.7% of normal-weight patients.

Authors’ conclusions: Overweight patients
have three times greater risk of morbidity
during the removal of impacted mandibu-
lar third molars than patients with normal
weight.

Answers
1. The key observation the reader should make is
that a randomized controlled trial should ran-
domize participants in otherwise similar groups
to receive one intervention or another. In this
study, the same intervention was applied to two
fundamentally different groups. Given that the
two groups were chosen based on a predictor
variable being tested, this is actually not a ran-
domized controlled trial, and it may have been
better not to use the word in the title of the study.
The authors were thoughtful to consider the
fact that intraoperative morbidity in third molar
surgery has many contributing variables. This
meant their sample size had to be large enough
to be able to meaningfully run analyses that
accounted for the multiple predictors. They
were appropriate in having the same number of
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surgeries in the two groups as well as a similar
gender makeup. Age >25 is a known risk factor
for both difficulty in third molar surgery and for
periodontal pathology. In these two study
groups, the age distribution was significantly
different, increasing the risk of confounding the
results. Stratification by age group is one way to
further explore these relationships.

The authors’ conclusion that the overweight
group was more likely to have intraoperative
morbidity is correct; however, the differences
in baseline characteristics (age) of the groups
do not allow for isolation of the effect of BMI,
and the level of evidence from this study would
be that of an observational study rather than
that of a randomized controlled trial.

may include pre-operative, intra-operative, or
post-operative measures.

(b) We are trying to isolate the role of the treat-

ment planning method (model surgery vs. vir-
tual planning), so we want our study
population to be free from other systemic dis-
eases that could influence outcomes. We want
to have roughly equal distributions in the two
groups of patients with indications for orthog-
nathic surgery (e.g. one-jaw vs. two-jaw sur-
gery, angle classification of malocclusion).
The more restrictive we are with the inclusion
criteria, the more internal validity the study
has, but the smaller the population to whom
the study applies (external validity). For
instance, we may want to perform different
studies on patients with and without a history
of cleft lip and palate, as this is known to make

6.8.2 Case Scenario 2 orthognathic surgery much more difficult.
(c) Determining the acceptable sample size
Questions depends on four things:

1. You have been asked to design a randomized 1. Incidence of the outcome(s) being mea-

controlled trial on orthognathic surgery out-

comes comparing two treatment planning

methods: traditional model surgery and
computer-aided virtual surgical planning.

In the following categories, describe the
considerations the you must take in designing
the study:

(a) How would you describe the general study
design?

(b) What are appropriate Inclusion/exclusion
criteria? What baseline characteristics of
the study groups are acceptable?

(c) How do you determine an acceptable sam-
ple size?

(d) What outcome measures should be used,
and how should they be determined?

Answers

(a) The general study design would take two
groups of patients undergoing orthognathic
surgery. One group would be treatment
planned using traditional stone model surgery,
and the other group would be treatment
planned virtually using a computer software
system. The outcome of interest should be
measured reliably in both groups, and these

sured: If an outcome occurs rarely, a
larger sample size is necessary in order to
capture cases

2. Variance in outcomes: If there is a large
variance in outcomes, larger sample size
is necessary in order to gain statistical sig-
nificance in the differences between
groups

3. Treatment effect size: If the treatment
effect is small, larger sample sizes will be
necessary to detect a difference between
groups

4. Acceptable error in detecting a difference
between groups: Alpha and Beta type
errors of 5% and 20%, respectively, are the
standard in medical literature

Sample size should be maximized to

detect meaningful differences between
groups; however, creating a larger study
inherently increases the cost and time nec-
essary to complete the study. Data from
observational studies should be utilized to
anticipate the variables mentioned above
while designing the trial.

(d) Previous literature on the topic should be

reviewed also to help determine what out-
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comes to measure. In addition to providing
results of our own trials, we should aim to pro-
duce raw data that can then be analyzed fur-
ther in meta-analyses. Outcomes of interest in
this study may be pre-operative (time and cost
of the treatment planning method), intraopera-
tive (operating time, surgical difficulty), or
post-operative (patient satisfaction/quality of
life measures, analysis of post-operative skel-
etal and soft tissue results using standardized
photographs and calibrated reviewers).

Acknowledgment Andrew Hamilton—Librarian.

Appendix: Literature Search Terms
General Medicine and Oral Surgery

— Diabetes and recovery from oral surgery
(tooth extractions, bone grafts, and implants)

— Cardiovascular disease and oral surgery

— Kidney and liver disease and oral surgery

— Bleeding disorders/anticoagulant medications

— Steroid use and oral surgery

— Medication-related osteonecrosis of the jaw

Outpatient Anesthesia

— Outcomes in single-operator  surgeon-
anesthetist model vs. two operator model (sur-
geon and anesthetist)

— Medication usage (which meds) in outpatient
oral surgery

— Illicit drug use and in-office anesthetic

— Airway interventions

— ASA (American Society of Anesthesiologists)
status

— Oral surgery compared to the rest of dentistry

Dentoalveolar Surgery (Third Molars,
Impacted Teeth)

Management of impacted non-third molars
— Management of impacted third molars
Coronectomy

Nerve injuries (lingual and inferior alveolar)

Orthognathic Surgery

— Le Fort osteotomy (maxilla)

— Sagittal split osteotomy (mandible)

— Virtual surgical planning versus traditional
model surgery (done with CT scan)

— Traditional dental impressions (stone) versus
scanning

— Splint making—3D printing

— Timing of surgery (related to growth of child/
teen)

— Cleft (presence or absence) and how this influ-
ences management

Common Diagnoses

— Maxillary hypoplasia

— Mandibular hypoplasia or hyperplasia
— Apertognathia

— Open bite

— Deep bite

— Retrognathia

Facial Trauma

— Mandible fracture

— Le Fort fractures

— Orbital fractures

— Zygomaticomaxillary complex fractures

— Frontal sinus fractures

— Traumatic malocclusion

— Dental trauma—tooth avulsion, luxation, etc.
— Lip injuries—dog bites

— Facial lacerations

Pathology

— Osteoradionecrosis

— Actinomycosis

— Osteomyelitis mandible
Ameloblastoma

— Odontogenic keratocyst (aka keratocystic
odontogenic tumor)
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— Mandible cyst

— Maxilla cyst

— Enucleation versus marsupialization versus
excision

Reconstruction—Minor and Major

Vascularized (fibula, scapula, deep circumflex
iliac artery (DCIA), radial forearm, pectoralis
major, latissimus dorsi, submental island), ver-
sus non-vascularized (costochondral, tibia, ante-
rior iliac crest, posterior iliac crest, mandibular
ramus)

Temporomandibular Joint Disorders

Osteoarthritis = Degenerative Joint Disease

Crepitus (sign)

Disc abnormalities—anterior disc displacement
with or without reduction—plication, discec-
tomy (c and k), temporalis flap, auricular con-
chal cartilage, cadaver cartilage

Open lock

Closed lock

Anterior dislocation of the mandibular condyle

LeClerq, Dautrey, eminectomy, eminoplasty

Arthroscopy, arthrocentesis

Steroid injection, trigger point injection

Occlusal guards (stents)

Occlusal adjustment

Medications (muscle relaxants, NSAIDs, tricy-
clic antidepressants (TCA), opioids, PRP =
platelet-rich plasma)

Myofascial pain

Botulinum toxin and myofascial pain
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7.1  Introduction

Randomized controlled trials (RCTs) are directed
at improving clinical practice and informing
decision making founded upon reliable and
trusted evidence. Properly designed RCTs are
paramount to achieve internal validity. Data from
robust trials with low risk of bias may in turn
contribute to synthesis of evidence within meta-
analyses leading to increased precision of esti-
mates of effect of interventions. However, flaws
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in trial methodology may contribute to research
waste, inflated effect sizes, and possibly errone-
ous inferences [1, 2]. An appreciation of appro-
priate study design and the use of relevant
outcomes are paramount within all areas of den-
tistry including orthodontics in order to ensure
optimal research outputs and evidence-informed
decisions.

There has been a marked increase in the num-
ber of RCTs in orthodontics over the past three
decades (Fig. 7.1). In particular, a 17-fold
increase in orthodontic randomized trials was
observed from 1992 to 2018 [3]. The majority
(71%) of orthodontic RCTs published between
2003 and 2007 were published in four leading
journals: The American Journal of Orthodontics
and Dentofacial Orthopedics, Angle Orthodontist,
European Journal of Orthodontics and Journal
of Orthodontics [4]. As such, the quantity of
high-level studies is undeniably increasing; it is
therefore perhaps more important now than ever
that awareness of optimal trial methodology, exe-
cution, and reporting exists.

We discuss 10 key design and implementation
considerations relevant to the contemporary orth-
odontic literature. We also highlight areas of
future research in orthodontics that appear to be
particularly pressing.
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Fig. 7.1 Number of randomized controlled trials (RCTs) in orthodontics published in recent decades (up to July 2020)

7.2  Critical Analysis
of Orthodontic Trials: 10

Considerations

In this section, we discuss aspects related to the
research questions, as well as highlighting design,
methodological, and reporting issues (Fig. 7.2).
An appreciation of these issues may contribute to
better use of resources and, therefore, limit
research waste.

7.2.1 Research Questions
Evidence-based clinical practice relies on
research, which is driven by clinically relevant
questions aiming to ascertain meaningful and
appropriate outcome variables and measures
reflecting relevant benefits and potential harms of
an intervention. Useful orthodontic research and
optimal use of resources is, therefore, predicated
on assessment of relevant research questions,
particularly set against a backdrop of limited
research funding within the specialty.

7.2.1.1 Focus of Research

A number of key orthodontic RCTs have been
published to address important clinical ques-
tions providing robust evidence to underpin key
treatment decisions (Table 7.1; Box 7.1). The
focus of the majority of published RCTs in
orthodontics has been on evaluation of the
effectiveness of interventions and comparative
assessment of different appliances, with a lim-
ited number of RCTs focusing on improving
patient experiences during treatment and care
provision (Table 7.1). Certain orthodontic top-
ics have been researched more than others, with
the majority of clinical trials published between
1989 and 1998 in three orthodontic journals
involving an assessment on bonding materials
(21.9%), growth modification (21.3%), and oral
hygiene practices (9.0%) [5]. Furthermore,
45% of RCTs published over a 5-year period
(2012-2016) involved an evaluation of mar-
keted orthodontic products, indicating undue
emphasis on clinical assessment of advertised
products, and the effects of intrusion of market
forces on clinical practice and research [6]. On
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Critical analysis of orthodontic RCTs

\-[ Research questions ]

Focus of research

Outcomes

\[ Design and methodology ]

\ Study setting

N Duration of research studies and follow-up periods

N Statistical issues

\ Clustering effects

N Within group comparisons

\___Dealing with drop-outs

N Qualitative research

\_ Patient and public involvement

\-[ Quality of reporting ]

N Adherence to CONSORT

N_ The effects of patient adherence

\ Sharing data sets

Fig.7.2 Key aspects concerning randomized controlled trial (RCT) design and execution in orthodontics
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Table 7.1 Key randomized controlled trials in the orthodontic literature

Topic
Growth modification Class I1
Class III

Fixed appliance Space closure

Study

Tulloch et al. (1998) [10], O’Brien et al.
(2009) [11], Parekh et al. (2019) [12]
Mandall et al. (2010) [13], Mandall et al.
(2012) [14], Mandall et al. (2016) [15]
Dixon et al. (2002) [16]

mechanics Archwire sequence Mandall et al. (2006) [17]
The use of lacebacks Usmani et al. (2002) [18], Irvine et al. (2004)
[19]
Bracket type Mode of ligation Fleming et al. (2010) [20]
Slot size Yassir (2019) [18]
Bracket customization ~ Penning et al. (2017) [21]
Adhesives Manning et al. (2006) [22], Banks and
Thiruvenkatachari (2007) [23]
Anchorage Sandler et al. (2008) [24], Stivaros et al.
(2010) [25], Sandler et al. (2014) [26]
Retention Fixed vs removable Al-Moghrabi et al. (2016) [27], Forde et al.

Vacuum-formed retainer vs Hawley

Wear regime

Vibrational forces
Prevention and treatment of white spot lesions

Oral hygiene reinforcement during orthodontic treatment

Patient knowledge and retention of orthodontic-related information

Sleep apnea oral appliance
Interceptive treatment of palatally displaced canine
Surgical exposure of palatally displaced canine

the corollary, it is evident that further high-
quality research is particularly pressing in other
areas such as the relative merits of extraction
vs. non-extraction treatment and various
appointment intervals.

Prioritization of orthodontic research would
help to provide a framework for researchers and
funding agencies for allocation of relatively
scarce research funds. This could be done by
engaging both the public and professional groups
using Priority Setting Partnerships (PSPs) in

(2018) [28]

Rowland et al. (2007) [29]

Gill et al. (2007) [30], Shawesh et al. (2010)
[31]

Woodhouse et al. (2015) [32]

Robertson et al. (2011) [33], Huang et al.
(2013) [34]

Li et al. (2016) [35], Alkadhi et al. (2017) [36]
Al-Silwadi et al. (2015) [37]

Engleman et al. (2002) [38]

Naoumova et al. (2015) [39]

Parkin et al. (2013) [40]

keeping with previous approaches [7, 8]. PSPs
have been used to help in identification of the
leading priorities in oral health and dental
research including themes such as prevention of
oral disease, access to dental care, and patient—
clinician communication [8]. Furthermore, The
Cochrane Oral Health Group developed a core
portfolio to prioritize Cochrane Reviews in oral
health and orthodontics [9]. However, research
priorities for primary orthodontic research have
not yet been established.
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Box 7.1 Summary of the Main Findings from
Key Randomized Controlled Trials in
Orthodontics

Functional appliance therapy for Class

IT malocclusion produced a temporary

acceleration of mandibular growth rate

with little if any sustained skeletal effect

[10, 11] but was associated with signifi-

cant dentoalveolar improvement [12].

This information has been instrumental

in informing treatment decisions and

rationalizing the use of growth modifi-
cation, particularly in juvenile patients.

Early treatment of increased overjet is

rarely suggested and is reserved for

cases with increased risk of dental
trauma [41]. Again, this information has
been derived from multicenter studies
indicating comparable outcomes with
early versus later treatment in the man-

agement of Class II malocclusion [11].

Protraction facemask therapy for Class

IIT has limited sustained skeletal effect,

can be used to achieve occlusal correc-

tion, and is successful in the reduction
of subjective need for surgery [15]. The
latter was based on a clinical trial with
6-year follow-up involving objective
analysis of cephalometric data coupled
with subjective impressions relating to
the need for orthognathic surgery

involving a panel of experts [15].

Fixed appliance mechanics, prescrip-

tion, and design:

— NiTi springs shown to be more effec-
tive in terms of rate of space closure
when compared with active ligature
and powerchain [16]. However, the
latter is the most cost-effective [16].

— There is no ideal archwire sequence
[17], with equivocal evidence per-
taining to the effect of lacebacks on
anchorage balance [18, 19].

— In terms of orthodontic brackets, lit-
tle to no difference was found in the
effectiveness of different types in

* Anchorage support:

terms of mode of ligation [20], slot

size [42], and customization [21].
No difference in bond failure rate
between self-etching primer and con-
ventional acid etch and primer [22, 23].

No significant difference exists
between mid-palatal implants and
headgear in terms of orthodontic
treatment outcomes as judged by
peer assessment rating scores [24].

— Temporary anchorage devices, Nance
palatal arch, and headgear offer simi-
lar levels of anchorage support [26].

— There appears to be no significant
difference in terms of effectiveness
between Nance palatal arch and
Transpalatal arch (TPA) during ini-
tial alignment phase [25].

With regard to orthodontic retainers,

fixed retention offers a greater stability

of alignment of mandibular incisors
when compared to Essix-type retainers,

especially in the long term [28, 43].

Application of vibrational stimuli does

not accelerate rate of tooth movement

during the alignment phase in

4-premolar extraction cases [32].

The use of a form of Casein

Phosphopeptide Amorphous Calcium

Phosphate (CPP-ACP; MI Paste Plus) or

fluoride varnish was similar to control in

terms of regression of white spot lesions
following debond of active appliances

[34]. However, the former was more

effective in preventing new white spot

lesions during treatment when com-

pared to a placebo paste [33].

There is equivocal evidence on the

effect of receipt of mobile application

on oral hygiene in orthodontic patients

[35, 36]. However, provision of orth-

odontic information using YouTube vid-

eos has proven effective in improving

knowledge retention [37].

In terms of management of obstructive

sleep apnea, mandibular repositioning
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splints have proven inferior to continu-
ous positive airway pressure (CPAP) for
treatment of sleep apnea/hypopnea syn-
drome [38].

» Extraction of primary canines is consid-
ered an effective interceptive approach
in the treatment of palatally displaced
canines [39] resulting in improvement
in the position of canines up to
15 months following the procedure.

* When open and closed surgical expo-
sures of palatally displaced canines are
compared, there are no significant dif-
ferences in terms of the periodontal
health in the short-term [40], as well as
surgical morbidity [44]. As such, there
appears to be equipoise between these
with the specific choice of technique
governed by local factors including the
depth of impaction and location relative
to adjacent teeth.

7.2.1.2 Outcomes

Patient values are integral to evidence-based
practice [45]; moreover, it is important that holis-
tic and relevant assessments of the relative merits
and demerits of orthodontic interventions are
considered in clinical research. Research outputs
focusing on patient perspectives have been over-
looked in one-third of orthodontic RCTs pub-
lished over a 3-year period (up to 2015), with
similar findings observed in dental research more
broadly [46]. The majority of outcomes assessed
in orthodontic RCTs appear to relate to morpho-
logic features of malocclusion with excessive
focus on cephalometric outcomes and relatively
little reference to patient-centered outcomes
including effects on quality of life and social
interactions [47]. The latter is particularly impor-
tant in orthodontics, in which typical mean dura-
tion of treatment is 20 months [48], with reported
negative experiences and impact on daily and
social activities, impairment of quality of life and
pain with different orthodontic appliances being
recognized issues which may impact both on the

overall experience and the treated result [49-51].
Therefore, it is imperative that diverse outcomes
reflecting aspects and attributes important to
patients are selected in order to ensure that
research outputs are relevant to practicing clini-
cians and prospective patients [47].

The lack of an agreed set of outcome variables
and measures in orthodontics has also resulted in
the inability to assimilate primary data from clini-
cal trials due to insufficient homogeneity in meta-
analysis with 73% of 157 systematic reviews
published over a 14-year period (2000-2014)
lacking meta-analysis [52]. Furthermore, a
median of just four studies were included within
these meta-analyses, while systematic reviews
within medicine have a median of 15 trials [52].
Recently, there has been an appreciation of the
need to standardize outcomes in healthcare
research to facilitate data synthesis and, therefore,
increase precision and robustness of systematic
review findings, prompting a drive to produce
core outcome sets spanning a range of medical
and dental interventions and conditions [53].

7.2.2 Design and Methodology

A number of issues related to study design are
discussed in this section. Addressing these issues
may ultimately increase the applicability, robust-
ness, and relevance of findings of orthodontic
RCTs.

7.2.2.1 Study Setting

The generalizability of trial findings hinges on
the diversity of the sample and clinical settings.
Larger and therefore more diverse sample could
be attained in multicentered trials [54]. However,
based on a meta-epidemiologic overview, 72% of
orthodontic clinical trials were single-centered
[54], risking possible overestimation of effect
sizes and limited external validity [55]. Based on
this analysis of 217 orthodontic randomized stud-
ies published between 2013 and 2017, clinical
trials conducted in a university hospital exceeded
those based in specialist practice by a factor of
seven [54]. The nature of participants and their
characteristics tend to be similar within the same
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setting. This may have implications for compli-
ance, in particular. For example, significantly
longer median wear time of removable appli-
ances was found in private practice compared to
the university hospital setting [56]. This is poten-
tially important as research conducted in univer-
sity and hospital settings, which forms the
mainstay of orthodontic research, may involve
participants who are being treated in a publicly
funded or heavily subsidized system.
Furthermore, funded orthodontic treatment car-
ried out in university hospitals in the UK is
restricted to children and young people with
severe malocclusion [57].

Practice-based research involves testing of the
effectiveness of treatment or interventions in
real-word clinical practice, therefore, helping to
bridge the translational gap between research and
clinical practice [55]. Undertaking practice-based
research in orthodontics has been encouraged
[58] with establishment of the National Dental
Practice-Based Research Network in the USA
supported by the National Institute of Dental and
Craniofacial Research. This funding led to the
publication of practice-based trials in orthodon-
tics concerning the management of white spot
lesions [34] and open bite correction [59]. This
involvement of practice-based specialist ortho-
dontists and general dentists may ultimately
assist in providing more relevant and generaliz-
able research outputs [54].

7.2.2.2 Duration of Research Studies
and Follow-Up Periods

Our understanding of orthodontic treatment
effects is mainly reliant on short-term studies
often confined to the initial stages of treatment
[60]. Many of these have used surrogate outcome
measures, such as the rate of initial alignment or
orthodontic space closure, as an indication of the
likely effect of an intervention on overall treat-
ment duration. Only 9% of orthodontic trials
published over a 4-year period (up to 2016)
involved an assessment of outcomes following
the whole treatment [60]. Moreover, very few
orthodontic RCTs have spanned periods of
5 years or more [11, 61]. Short-term follow-up is
particularly limited in the evaluation of orthodon-

tic retention. This is exemplified by findings
related to stability related to two types of retain-
ers changing over time with longer follow-up
periods revealing a benefit of fixed rather than
removable designs [43, 62]. Additionally, longer
follow-up of participants wearing protraction
facemask facilitated a clearer understanding of
sustainability of treatment success at 15-month
[13], 3-year [14], and 6-year follow-up [15].
While undertaking long-term RCTs is an arduous
task and is associated with increased cost, as well
as the inevitable high drop-out rate [43], this
more holistic approach may allow sufficient time
for the manifestation of disease or impact of
interventions, and identification of harms.

7.2.2.3 Statistical Issues

Meta-epidemiologic analyses of orthodontic trials
have highlighted a number of statistical issues in
published trials. A common issue in orthodontics is
the failure to account for clustering effects with
more than 75% of orthodontic studies being defi-
cient in this respect [63]. Clustering effects arise
when data are gathered from one sample at different
time points, or due to multiple observations obtained
within individuals. As a result, the clustered data are
likely to be correlated resulting in lack of indepen-
dency in observations, as is the case with orthodon-
tic attachment failure. Therefore, clustering effects
should be accounted for statistically in both sample
size estimation and data analysis [64, 65].
Neglecting to account for clustering effects can
result in false positive results and, therefore, incor-
rect interpretation and conclusion [65].

Another statistical issue highlighted in the
orthodontic literature pertains to the conduct of
inferential comparisons within rather than
between groups. Such comparisons are likely to
result in false positive result as a result of “natu-
ral or temporal” changes of the outcome, and due
to the increased number of tests undertaken [66].
Common examples of this include the assess-
ment of treatment related changes (e.g., overjet
reduction) with two appliances leading to a con-
clusion that both are equally effective, while fail-
ing to account for key differential changes
between the treatment interventions. Within
orthodontics, only one quarter of studies based
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their interpretation solely on between-group
comparisons, with the majority of studies includ-
ing both between-group and within-group com-
parisons [67].

Drop-out is common in orthodontic clinical
trials and is typically of the order of 13% of those
recruited, as a result of premature discontinuation
of treatment or withdrawal from the study [68].
However, higher drop-out rates were noted in
studies with prolonged follow-ups particularly
with no active treatment being provided [43, 61].
Drop-out is less likely, however, in short-term
analyses, particularly involving those with fixed
rather than removable appliances in place. Those
who drop-out might exhibit different characteris-
tics or experience different outcomes leading to
their discontinuation. For example, patients with
high motivation towards orthodontic treatment
are likely to be more adherent to appliance wear
[69, 70]. Therefore, ignoring the drop-outs in the
analysis may risk analyzing the outcome based
on only the more successful participants.

Exclusion of drop-outs from the analysis
might influence the results and hampers the sta-
tistical power of the study risking erroneous
inferences [71]. Therefore, analysis of the results
on an intention-to-treat basis is considered more
appropriate than per protocol analysis; however,
the former was conducted only in 13% of orth-
odontic RCTs published over a 20-year period
[68]. Proper handling of missing data entails
accounting for and compensating of missing val-
ues to obtain a complete data set [72].
Additionally, researchers tend to inflate sample
sizes to make adequate allowance for drop-outs
especially in studies with longer follow-up.
Involvement of a statistician can help to mitigate
these statistical issues. However, only 14% of
orthodontic RCTs published between 2013 and
2017 involved a statistician [54].

7.2.2.4 Qualitative Research

The use of qualitative research in evidence-based
medicine has become more established. The
exploratory and explanatory nature of this type of
research has prompted its use to complement
quantitative studies, although qualitative research
can also be conducted as a standalone approach.

Qualitative research may also help to address
concepts that cannot be measured, as well as to
explore patient experiences and ideas from their
perspective. This differs from quantitative meth-
ods which are based on clinicians’ and research-
ers’ preconceptions.

In the medical literature, qualitative research
has been used in 22 ways to inform different
aspects of RCTs, but mainly during the develop-
ment of an intervention, and during study design
conduct (e.g., exploring ways to improve partici-
pation) [73]. However, qualitative research
involving orthodontic patients is relatively lim-
ited with, for example, only four qualitative stud-
ies published over a recent 18-month period (up
to mid-2018) [74]. Therefore, researchers should
be encouraged to undertake this type of research
to enhance our understanding of unexplored top-
ics, assist in refining interventions, and explain
the findings from orthodontic trials.

7.2.2.5 Patient and Public Involvement
Patient and public involvement helps to make
research more relevant and ensure it addresses
unmet needs, therefore potentially reduces
research waste [75, 76] [63]. Furthermore, such
an involvement can also help researchers in under-
standing the area of research as well as patient
needs, while also giving participants a sense of
empowerment [77]. Patient and public involve-
ment can also aid in directing and prioritizing
research focus, refining research questions and
selecting relevant outcomes, as well as during
study design, conduct, and analysis of findings
[75, 78]. Furthermore, feedback from participants
on research information sheets and questionnaires
can help improve their readability, layout, and
content [75]. Additionally, patient and public
involvement can be beneficial in dissemination of
research findings [75]. The latter is particularly
problematic in biomedical research, in which less
than one-third of authors communicated their
research findings with participants [79].

Patients perceive their condition differently
compared to researchers, and therefore, they are
likely to provide insightful feedback when
involved in research [80]. The underrepresenta-
tion of patient-centered outcomes in orthodontic



7 Randomized Controlled Trials in Orthodontics

153

RCTs has been highlighted in a previous system-
atic review [47]. Therefore, involvement of
patients in orthodontic research might help
address issues that might have been overlooked.

7.2.3 Quality of Reporting

7.2.3.1 Adherence to CONSORT

The quality of research can only readily be evalu-
ated on the basis of explicit and transparent
reporting of methods and findings. Inadequate
reporting of trials limits their applicability, ham-
pers their inclusion in synthesis of evidence, and
therefore contributes to research waste [81].
Adherence to the Consolidated Standards of
Reporting Trials (CONSORT) is incumbent on
orthodontic researchers and has been endorsed
by a number of journals [82]. However, the qual-
ity of reporting of 128 orthodontic RCTs pub-
lished in four leading orthodontic journals was
found to be suboptimal (using modified
CONSORT checklist) with a mean percentage of
reporting of 69%, with no description in relation
to confidence intervals and allocation conceal-
ment in 71% and 64%, respectively [83]. As such,
a bespoke CONSORT for orthodontics was
developed to increase its accessibility to orth-
odontic researchers [82]. An orthodontic initia-
tive geared at improving reporting of our RCTs
by encouraging the use of subheadings to prompt
adherence to the CONSORT checklist was subse-
quently developed [84]. This mandated use of
subheadings in an orthodontic journal has shown
promise and resulted in a 15% higher adherence
to the CONSORT checklist [84].

7.2.3.2 The Effects of Patient
Adherence

High levels of patient adherence tend to be asso-
ciated with better treatment outcomes and experi-
ences [50, 85]. In particular, interventions reliant
on optimal compliance to achieve the best results
include removable appliances and adjuncts.
There is an acceptance, however, that patients
within research studies tend to wear headgear
and functional appliances by approximately a
mean of 5 h daily less than that required, and also

claim to wear these adjuncts more diligently than
they actually do [86]. As such, the use of supple-
mentary objective measures of adherence to
advised protocols, harnessing newer technolo-
gies, is particularly important in trials involving
removable components [12]. Other measures of
overall adherence in orthodontic literature have
encompassed oral hygiene levels, appliance wear
and breakage, and appointment attendance [87].

7.2.3.3 Sharing Data Sets

The adoption of data set sharing allows the reuse
of data and, therefore, optimizes the impact of the
primary research [88]. Deposition of raw and dei-
dentified orthodontic clinical trial data on online
portals, such as institutional repositories, facili-
tates accessibility to the data. The individual-level
data from different studies can be aggregated and
transformed to homogenous data, which in turn
facilitates data synthesis in systematic reviews [88,
89]. Additionally, raw data can be reused for sec-
ondary analysis and to answer different research
questions, thus reducing duplication in studies
and, therefore, mitigating against research waste
[88-90]. However, data sharing is not mainstream
in orthodontics and a clear protocol for data shar-
ing practice is likely to facilitate this [73], before
being uniformly encouraged by orthodontic jour-
nals, funders, and research ethics committees.

7.3  Conclusion

While significant progress has been made in rela-
tion to the publication, uptake, and application of
evidence-based knowledge within orthodontics,
concerns persist in relation to the focus of our
research, with a failure to prioritize important
areas, and continued use of inconsistent and less
pertinent outcomes within randomized trials.
This, in turn, has led to a limited yield from orth-
odontic systematic reviews relative to other bio-
medical areas. We highlighted numerous issues
related to study design, bespoke methodology,
and aspects concerning quality of reporting in
orthodontic studies. Accounting for these issues
can help to improve the relevance and utility of
future orthodontic research.
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7.4  Summary

Summary of key improvements required in rela-
tion to orthodontic research focus, design, con-
duct, and reporting.

e Prioritization of underexplored and clinically
relevant topics.

e Selection of relevant outcomes by developing
and adopting a core outcome set (COS).

¢ Undertaking more practice-based research.

e Follow-up of participants for longer periods.

* Involvement of statisticians in research design
and analysis.

e Complementing RCTs with qualitative stud-
ies, where appropriate.

e Involvement of patients at different stages of
research.

e Adherence to CONSORT statement in rela-
tion to trial reporting.

e Complete reporting of issues concerning
patient compliance.

e Availability of trial data sets.

7.5 Case Scenario Exercise

7.5.1 Case Scenario

Box 7.2 Proposed Study Protocol

A comparative assessment of two meth-
ods of space closure: a randomized con-
trolled trial.

Aim: To compare the efficacy of elasto-
meric chain and NiTi coil spring in terms of
space closure.

Study setting: One University Hospital.

Methods: Eighty participants planned
for space closure in the maxillary dental
arch will be randomly assigned either to
have spaces closed using elastic chain or
NiTi coil spring. Randomization will be
based on computer-generated random
numbers and allocation concealment will

involve the use of opaque, sealed enve-
lopes. Maxillary study models will be taken
at the start of space closure (T0) and
6 weeks later (T1).

Outcomes: The magnitude of spaces
will be measured by one calibrated
researcher using digital calipers. T-tests
will be undertaken to compare the means
between the groups at T1, as well as within
the same group (TO-T1). The outcome data
will be analyzed only for those who
attended their follow-up appointment.

Questions

If you received the proposal for a trial comparing
two methods of space closure (Box 7.2), based on
the points discussed in this chapter:

1.

How can you improve the following aspects:
(a) Focus of the trial and outcomes.

(b) Study setting.

(c) Duration of the study.

(d) Statistical analysis

How will the results be disseminated?

Answers:

1.

(a) Consult a panel of prospective and former
patients exploring their views on the rele-
vance of the topic and, therefore, whether
it should be prioritized. It would also be
worth considering inclusion of aspects of
space closure relevant to patients in the
trial. Patients may point out that hindrance
to oral hygiene, soft tissue trauma, esthet-
ics, cost-effectiveness, and emergency
appointments are more relevant to them
than the rate of space closure.

(b) Consider undertaking the study in more
than one University Hospital as well as in
a private practice setting. This approach
will help to improve the generalizability
of the findings, although it is important
that calibration of researchers is under-
taken with a clear research protocol in
place.
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2.

(c) Follow-up of patients for the whole dura-
tion of treatment rather than the first 6
weeks of the space closure phase would
assist in providing a more holistic assess-
ment of the benefits and harms of the
interventions.

It is important to account for clustering
effects related to measuring space closure in
two sites per participant. Furthermore, it is
important that the differential rate of space
closure is assessed between groups only and
avoiding within-group comparisons against
the baseline. Consideration should be given
to the use of intention-to-treat analysis by
imputation of missing data and analysis of
outcomes related to the entire sample.

In addition to publication of study findings,
dissemination of the results to patients using
lay language summaries through leaflets or
online platforms such as websites is to be
encouraged. Moreover, upload of the trial data
set on an institutional repository is important
to allow online access for secondary use and
possible inclusion in meta-analyses.

(d)
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As approved and adopted by the National
Commission on Recognition of Dental Specialties
and Certifying Boards (NCRDSCB) of the
American Dental Association, pediatric dentistry
is one of dental specialties. It is recognized as “an
age-defined specialty that provides both primary
and comprehensive preventive and therapeutic
oral health care for infants and children through
adolescence, including those with special health
care needs” [1].

Based on the findings of a bibliometric analy-
sis of top-cited RCTs in pediatric dentistry, the
majority of RCTs conducted in children and ado-
lescents were in the discipline of cariology, fol-
lowed by orthodontics, endodontics, behavior
science and quality of life, oral and maxillofacial
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surgery, and oral hygiene [2]. In the discipline of
cariology, fluoride agents used to prevent and/or
arrest dental caries were the most frequently
studied intervention in RCTs [3-5]. Dental resto-
rations placed with different dental materials or
techniques were compared in several RCTs [6—
8]. There were several RCTs reporting on probi-
otic bacterium as food supplements [9, 10], and
chewing gums with different ingredients to pre-
vent dental caries [11, 12]. Besides, fissure seal-
ant [13], toothpaste [14], motivational
interviewing [15], and oral health education [16]
were also investigated in RCTs in pediatric den-
tistry. In terms of orthodontics, most of the RCTs
reported on the effect of using different appli-
ances, for example, Bionator, Herbst, and Twin-
block appliances, in orthodontic treatments [17,
18]. The effectiveness of adopting different pulp-
otomy techniques, such as using Er:YAG laser,
calcium hydroxide, formocresol or mineral triox-
ide aggregate (MTA), to treat primary teeth was
the most frequently studied research question in
the discipline of endodontics [19]. In terms of
behavior science and quality of life, RCTs were
conducted to evaluate medicines (e.g., acetamin-
ophen and ibuprofen) for pain control associated
with dental procedures [20] and to compare the
efficacy and safety of different drugs, like dex-
medetomidine, midazolam, and ketamine in pro-
ducing moderate sedation for uncooperative
pediatric dental patients [21]. In addition, chil-
dren’s oral health-related quality of life
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Table 8.1 Summary of the more commonly researched topics in the RCTs in pediatric dentistry and examples of the

knowledge gaps

Thematic field Intervention
Cariology e Fluoride
¢ Restoration

¢ Probiotic bacterium

e Chewing gum
* Fissure sealant
e Toothpaste

* Motivational interviewing
¢ Oral health education

Examples of knowledge gaps

e Clinical outcomes of treating
primary molar teeth using preformed
metal crowns (PMCs) vs.
restorations with filling materials

» Effectiveness of preventive and
treatment methods in primary teeth
of young children

e Hall technique, nonrestorative
* Casein phosphopeptide amorphous
calcium phosphate (CPP-ACP)

Orthodontics e Appliances

* Force

Pulpotomy

Use of medicine/drugs

Endodontics

Behavior science and quality of
life

Oral and maxillofacial surgery
Oral hygiene

Surgery methods
Oral health education

(OHRQoL) and dental fear were also investigated
in RCTs [22]. In the discipline of oral and
maxillofacial surgery, most of the RCTs in pedi-
atric patients focused on the orthopedics for chil-
dren with cleft lip and palate [23, 24]. Apart from
traditional oral health education methods which
are mainly to provide lessons and to distribute
brochures for participants to promote good oral
hygiene practice, an innovative app-based
approach which made participants actively
involved in oral hygiene maintenance has also
been evaluated in a recent RCT [25].

The interventions involved in RCTs in pediat-
ric dentistry are frequently related to the preven-
tion and control of dental diseases, such as dental
caries prevention and oral health promotion. In
addition to recruiting pediatric patients directly
from dental clinic/hospitals, the pediatric popula-
tion in the RCTs are commonly accessed from
kindergartens, schools, and communities.
Sometimes, various interventions, for example,
fluoride application, fissure sealant, and milk
containing probiotic bacterium, are delivered on
a community basis. Dental public health is a spe-
cialty recognized by the NCRDSCB and is
defined as “the science and art of preventing and
controlling dental diseases and promoting dental
health through organized community efforts on a

e Efficacy of using clear aligners vs.
fixed appliances

* Effectiveness of sedation vs. general
anesthesia for the provision of dental
treatment for children

community basis” [1]. It is difficult to completely
separate RCTs in pediatric dentistry per se from
dental public health. In fact, the RCTs investigat-
ing oral health-related issues of children and ado-
lescents are frequently involved in both specialties
where the crossover is inevitable.

It may be fair to say that a wide range of topics
has been covered in RCTs in pediatric dentistry
(Table 8.1). Nevertheless, a considerable number
of knowledge gaps exist in various areas that are
not well investigated, and well-conducted high-
quality RCTs are insufficient in pediatric den-
tistry [26]. For example, the number of RCTs on
the prevention and treatment of dental caries in
the primary teeth is small and it is important to
find out if the agents and methods that have been
shown to be effective in the permanent teeth of
school children are also effective in preschool
children. It should be noted that the enamel of
primary teeth is much thinner than that of perma-
nent teeth, and it is much faster for the carious
lesions in primary teeth to develop into cavities.
On the one hand, due to the lack of RCTs in the
literature, answers to many clinical questions
remain unclear. For example, clinical outcomes
of treating primary molar teeth using preformed
metal crowns (PMCs) vs. restorations with filling
materials, and effectiveness of sedation vs. gen-
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Table 8.2 Important considerations in conducting and
reporting RCTs

Brief explanation

Sufficient details of the study
interventions as well as the control
intervention should be described
thoroughly

Specified sample size calculation
should be stated with sufficient
details on all the essential elements
Generation of randomization
allocation sequence should be
provided together with how the
randomization sequence is
implemented with allocation
concealment

Adequate information on how the
blinding is achieved in the trial
should be stated comprehensively,
even though no blinding or
incomplete blinding is inevitable in
some cases

The amount and nature of the
incomplete outcome data and how
they are handled in the trial should
be reported thoroughly

Proper statistical approach should
be adopted. A general description
of the data and the specified
statistical method used should be
clearly reported

Intervention

Sample size

Randomization
and allocation
concealment

Blinding

Incomplete data

Statistical analysis

eral anesthesia for the provision of dental treat-
ment for pediatric patients, are some of the
knowledge gaps that need to be filled based on
reliable clinical evidence. On the other hand,
sometimes the quality of existing RCTs in the lit-
erature is suboptimal, which weakens the reli-
ability of the evidence provided by the trials.
There are important considerations in con-
ducting and reporting RCTs (Table 8.2). A stan-
dardized reporting method, the Consolidated
Standards for Reporting Trials (CONSORT),
facilitates authors to completely and transpar-
ently report their RCTs and aids their critical
appraisal and interpretation of the findings [26].
The CONSORT is widely endorsed by reputable
medical/dental journals when evaluating submit-
ted manuscripts on RCTs. Following the
CONSORT, the published article provides com-
prehensive and detailed information of the RCT,
so that readers can make their judgements about
the reliability of the evidence provided by the

trial. Even though authors claimed that they fol-
lowed the CONSORT strictly, some major devia-
tions from the CONSORT still exist in the
published RCTs in pediatric dentistry.

8.1 Intervention

Sufficient details of interventions should be
described thoroughly in the study so that other
researchers who want to replicate the study can
know exactly the way to deliver the intervention.
For materials used in the trial, information includ-
ing the name, brand (if commercial products),
and usage should be provided. Similarly, for drug
intervention, the name of the drug, dose, method
of administration (such as oral and intravenous),
timing, and duration of administration should be
clearly described [26]. In terms of clinical proce-
dures, implementation details such as specific
step-by-step procedures and instruments used
should be given. Besides, control interventions
should be described thoroughly instead of using
vague words like “usual care.”

Two examples are illustrated below with the
first example describing the step-by-step proce-
dures of the interventions and the products used
in each study group with sufficient information,
for example, full name, brand, and instruction,
for replication. The second example shows a lack
of information on the products used (gray/white
MTA and formocresol), makes it difficult for
other researchers to replicate the study.

Example 1
Dilute formocresol (1:5 Buckley's solution),
Erbium:Yttrium-Aluminum  Garnet (Er:YAG)

laser, calcium hydroxide, and ferric sulfate (15.5%)
were used as parallel intervention methods. In all
groups, after rubber dam isolation and caries
removal, the pulp chamber was opened with a ster-
ile high-speed diamond bur, and the coronal pulp
was removed by a sterile slow-speed round bur
(#830RLO16, #HI1SE.204021, Brasseler, Lemgo,
Germany) under continuous water irrigation.
Control of complete removal of the coronal pulp
tissue down to the canal orifices was done by
visual control and a sterile hand excavator in
undercut areas. We controlled hemorrhage by plac-
ing sterile, saline wetted cotton wool pellets on the
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radicular pulp stumps under slight pressure
(Thompson et al. 2001), waiting 5 min for primary
hemostasis (Mielke et al. 1969), followed by
removal of blood clot remnants and drying the cav-
ity...Within the control group, formocresol-
moistened pellets were placed on the pulp stumps
for 5 min. Er:YAG laser radiation (wavelength,
2.94 um) was delivered to the canal orifices with a
special handpiece (KEY Laser 1242; handpiece
2051, KaVo, Biberach, Germany), with parameters
set at 2 Hz and 180 mJ/pulse without water cooling
(Keller and Hibst 1991). The mean number of laser
pulses per tooth was 31.5 + 5.9, equally distributed
to each pulp stump. In the calcium hydroxide
group, the canal orifices were dressed with aque-
ous calcium hydroxide (Calxyl®, OCO Priparate
GmbH, Dirmstein, Germany), slightly dampened
and covered with a calcium hydroxide cement
(Kerr® Life, Kerr GmbH, Karlsruhe, Germany).
Ferric-sulfate-wetted  pellets  (Astringedent®,
Ultradent Products Inc., Salt Lake City, UT, USA)
were placed on the pulp stumps for 15 s [19].

Example 2

...In test groups I and II, the pulp stumps were cov-
ered with gray or white MTA paste formed by mix-
ing the MTA powder with sterile saline in a 3:1
powder/saline ratio, according to the manufacturer
recommendations. In test group 111, a cotton pellet
moistened with formocresol was placed for 5 min
on the pulp stumps and then the pulps were cov-
ered with zinc oxide and eugenol cement [27].

8.2 Sample Size Determination

The sample size of an RCT should be clearly
stated and carefully estimated before the imple-
mentation of the trial for scientific and ethical
reasons. On the one hand, an underpowered trial
with insufficient sample size may fail to detect a
clinical difference statistically. Thus, indetermi-
nate results are generated and no reliable conclu-
sion can be drawn. On the other hand, even
though a trial with excess sample size has the
power of detecting small difference statistically,
itis perhaps unnecessary and a waste of resources.
The essential elements to be considered when
estimating sample size of an RCT are: (1) the
effect size, which is determined by the “clinically
important difference” to be tested in a study; (2)

the o (type 1) error level, usually set at 0.05 in a
two-sided test; (3) the statistical power, namely
the 1-f (type II) error level, usually set at 0.80 or
0.90 and (4) for continuous outcomes, an estima-
tion of the standard deviation of the measure-
ments [28]. Equal numbers in the two study
groups (allocation ratio of 1:1) usually result in a
given total sample size with maximum power;
however, this is not always possible and practical.
In some clinical trials, unequal group sizes may
be adopted. If the number of study participants
receiving one intervention is limited, then more
participants will be needed in the other study
group so as to achieve the statistical power to
detect the anticipated difference [28].

In reporting sample size calculation, the pri-
mary outcome on which the calculation was based,
and the values of the essential elements set in the
calculation should be explicitly stated, and the
resulting required sample size per study group
should be reported [26]. Besides, possible attrition
or non-compliance during the study should be con-
sidered in the sample size calculation as well [29].

Four examples are given below. The first
example states clearly the primary outcome (car-
ies arrested rate of 70%), and the determination
of sample size is presented thoroughly with the
essential elements: effect size (absolute differ-
ence of 10%), significance level (a = 5%), statis-
tical power (f = 80%), and an anticipated attrition
rate of 10% annually. The second example illus-
trates apart from the essential elements in sample
size calculation, namely effect size (0.7), signifi-
cance level (a =0.05), statistical power (= 80%),
an estimation of the standard deviation of the
measurement (2), and an anticipated attrition rate
(30-35%), the clustering effect of communities
and an allocation ratio of 2:1 to include more
communities in the experimental group than the
control group had been taken into account to
adjust the calculation. The third example states
only the essential elements with ambiguous
reporting for the adjustment of the clustering
effect. In the last example, the effect size and
other related details are not explicitly stated.
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Example 1

The sample size was estimated based on a caries
arrest rate of 70% (Chu et al., 2002), a 10% abso-
lute difference in caries arrest rate being clinically
significant, a statistical power of 80% (f = 0.2) and
a statistical significance level of 5% (a = 0.05).
Calculation results showed that 360 carious tooth
surfaces per group were required. Since the mean
number of carious tooth surfaces in Hong Kong
preschool children was four (Chu et al., 2012),
approximately 90 children would be required in
each group. With an anticipated 10% annual drop-
out rate, over 300 children were recruited at base-
line [5].

Example 2

The calculation of the sample size was based on a
mean dmft increment in the children in the SLZ
receiving standard care plus caregiver counseling
of 3.5 (Lawerence et al., 2004), a common SD of 2
and a hypothesized minimum 20% treatment effect
(0.7 difference). Assuming approximately (mean
cluster size) 40 eligible children per community,
the sample size was increased by a factor of 2 to
adjust for the clustering effect (1 + #children in
community or average size of each cluster of
40-1 x small intra cluster correlation coefficient
(ICC) of 0.025) (Donner and Klar, 2000). Thus, the
number of communities required for randomiza-
tion to obtain 80% power at o = 0.05 (two-sample
t-test, two-sided) for detecting a mean difference in
dmft of 0.7 was 6.4 (or 256 subjects per group). In
practice, at least eight communities were randomly
assigned per intervention group to adjust for the
anticipated 30-35% attrition in 2 years (Lawerence
et al., 2004). As a result of an increase in funding,
we were able to further increase the number of
communities to be enrolled in the FV group using
the formula k? = 1/2k(1 + Q), where k = 8 clusters
per group under equal allocation (Q = 1) and we
selected an allocation ratio of 2 (Q = 2) which
yielded 12 communities in the experimental group
and eight communities in the control group
(Donner and Klar, 2000) [4].

Example 3

Sample size calculation was based on the findings
of Farooq et al. (2000) and accounted for a 19%
difference in success rates between the test and
control groups using a significance level of 5% and
power of 80%. The dependence of observations
within each child was also taken into consider-
ation. A sample size of 46 teeth per group was cal-
culated. Given an expected attrition rate of 20%,
we estimated that 55 teeth had to be included in
each group [8].

Example 4

...The sample size was estimated from a power
calculation (a0 = 0.05 and f = 0.20) based on our
previous findings using categorized bacterial
scores. ... [30].

Randomization
and Allocation Concealment

8.3

Sufficient information on the generation of the
randomization allocation sequence should be
provided so that readers can make their own
judgements about the possible bias in the group
allocation (selection bias). Using a computer-
generated random number table, tossing a coin,
throwing dice, and drawing lots are common
methods to generate randomization sequence in
RCTs. However, the term “random” is sometimes
misused to report trials in the literature. It is
improper to describe random sequence generated
by using odd or even number alternatively to
assign the study participants to the test and con-
trol groups. Similarly, the use of hospital or clinic
record number and date of birth as “randomiza-
tion sequence” is inappropriate. Instead of using
a vague expression such as “random allocation,”
“randomization,” or “randomly allocated,” the
method used for the randomization sequence
generation needs to be explicitly described.

Furthermore, the randomization allocation
sequence should be implemented with allocation
concealment. This technique is used to prevent
selection bias by shielding investigators who
assign participants to intervention groups from
being influenced by the allocation sequence
before the assignment [31]. Central allocation
(such as telephone and web-based randomization
systems), sequentially numbered opaque-sealed
envelopes or containers are desirable methods to
achievement allocation concealment. However,
in many cases, the description of the concealment
method is neglected or inadequate.

Three examples are given. The first example
clearly reports the generation of randomization
sequence and allocation concealment of the study
in details. The second example shows that the
randomization has been achieved by tossing a
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coin, whereas whether the allocation conceal-
ment has been achieved remains unclear. The
term “distributed randomly” is ambiguously used
in the last example without information on the
allocation concealment.

Example 1

The study team’s biostatisticians conducted the
computer-generated random assignment of partici-
pants, stratified by center, using permuted blocks
of various sizes unknown to the clinicians.
Assignment was concealed in sealed, opaque,
labeled envelopes, unopened until time for treat-
ment by the clinician [3].

Example 2

... The split-mouth approach was employed for the
allocation of the two restorative materials. Intra-
oral assignment of the material to the teeth was
done by toss of coin... [7].

Example 3

... The selected teeth were randomly assigned and
divided into 3 test groups according to the pulp
dressings used. Group I included 24 teeth treated
with gray MTA. Group II included 24 teeth treated
with white MTA. Group III included 24 teeth
treated with formocresol (control group). The
treatments were distributed randomly to each of 3
teeth so that each child would receive 3 different
treatments [27].

8.4  Blinding of Participants

and Personnel

Blinding or masking is important in RCTs to
avoid performance bias due to the disclosure of
information on allocated interventions to people,
such as participants and investigators, who are
involved in the trial and may potentially be influ-
enced by such information. In fact, different from
allocation concealment, complete blinding may
not be achieved in all cases. An RCT was con-
ducted to compare failure rates of Hall technique
crowns and control restorations, in which blind-
ing is impossible due to the apparent differences
between the two interventions [32]. Adequate
information on how the blinding is achieved in

the trial should be stated comprehensively, even
though no blinding or incomplete blinding is
inevitable in some cases. Thus, readers can judge
whether or not and to what extent, the study out-
comes are possibly influenced by the blinding.

With the use of identical milk containers,
blinding for participants and investigators have
been achieved successfully in the first example
shown below. In the second example, even though
the examiners were not informed about the group
allocation, blinding for the examiners could not
be achieved as they could distinguish the study
groups according to the different appearances of
the materials. The use of the term “double-blind”
in the last example is confusing. It seems like
only the examiner who evaluated the outcomes of
restorations was blinded.

Example 1

The children drank either LGG milk (Gefilus®,
Valio Ltd., Riihimédki Dairy, Finland; pasteurized
cow’s milk containing 1% fat and live Lactobacillus
rhamnosus GG, ATCC 53103, bacteria
5-10E105 CFU/ml) or control milk in the day-care
centres 5 days a week for 7 months, from non-
transparent colour-coded milk containers. The
control milk came from the same dairy but con-
tained no added lactobacilli. ... The day-care per-
sonnel, parents, children and investigators were
unaware of which milk contained the LGG strain
throughout the study... [9].

Example 2

Children were followed up for oral health status at
School Dental Service clinics of the WA Dental
Health Services (6—12 months after group alloca-
tion) by the same examiners who conducted the
baseline examination, and who were blinded to
group allocation status. Although the examiners
were blind to group allocation status, because of
the distinct characteristics of the restorative mate-
rials used, such as stainless-steel crowns, compos-
ite resin or GIC, blind assessment of the material
was not possible in all [33].

Example 3

The double-blind evaluations were undertaken in a
dental unit using the standard operating light, a
mirror, an explorer and a WHO periodontal probe
by an independent examiner experienced in the
ART approach. Parameters for evaluating the qual-
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ity of the restorations were retention, marginal
integrity and wear according to the recommended
codes used for evaluating ART restorations [34].

8.5 Incomplete Outcome Data
Attrition bias may arise due to incomplete (miss-
ing) data of RCTs. Authors should clarify the
amount and nature of the incomplete outcome
data and how they were handled in the trial so that
the possible attrition bias can be assessed. Reasons
for missing data in the study groups should be
explained. As recommended by CONSORT, a
diagram to describe the flow of participants
through a trial is preferable [26]. With sufficient
information, readers can evaluate whether the
missing data are likely due to the intervention or
dropouts due to other reasons, and also whether
the missing data are balanced in numbers between
the study groups in the trial. In fact, missing data
may be imputed with various methods [35], and
the details in data imputation should be reported.

In the first example shown below, the dropout
rate of the trial is acceptable with less than 20%
at the 30-month follow-up. The dropout rate of
each study group is clearly reported and the miss-
ing data are balanced between the study groups.
The amount of missing data is explicitly reported
in the second example, together with the data
imputation method adopted in the study described
in detail. The last example shows a very high
attrition rate (>50%) but the details of the miss-
ing data are not reported. Readers are not able to
evaluate the attrition bias of this study based on
the limited information provided.

Example 1

At the 30-month examination, 309 children
remained in the study, giving an overall dropout
rate of 17%. The subject dropout rates in Groups 1,
2 and 3 were 19%, 16% and 15%, respectively (>
test, p > 0.05). There were no significant differ-
ences between the three groups of children regard-
ing their demographic background, behaviors,
clinical parameters and caries experience at the
baseline and at the 30-month examinations... [5].

Example 2

Since 96 children had no follow-up examination,
multiple imputation (Schafer, 1997) with the
Markov Chain Monte Carlo estimation (20 imputa-
tions) used center, assigned group, number of
actual fluoride varnish applications, factors related
to loss-to-follow-up (mother’s age, dental pain bar-
rier, dental fear barrier, and fluoride toothpaste use),
and salivary measures (loglOMS and log10LB) to
impute log (d2 + fs + 1) scores [3].

Example 3

...Using a parallel group design, 370 and 311
grade 2 children were randomly assigned to the
ART and the TA group respectively.... A total of
108 children of the ART group and 84 children of
the TA group were examined at evaluation year
6.3... [36].

8.6  Statistical Analysis

Data can be analyzed in various ways; thus,
authors should specify the statistical approaches
adopted in the study. Generally, a description of
the data should be provided in detail. Accordingly,
readers can have sufficient information on the
characteristics of the data and make judgements
about the validity of the further statistical
approaches. To arrive at a conclusion supported
by valid results, a proper statistical approach
should be chosen according to the characteristics
of the data. A common mistake in the data analy-
sis of RCTs in pediatric dentistry is the neglect of
the clustering effect, which indicates a potential
correlation between observations. For many sta-
tistical analyses, the observations (unit of analy-
sis) are required to be independent of each other.
However, in many cases, observations are not
independent, for example, multiple restorations
placed in the same child. Appropriate statistical
procedures should be employed to analyze the
clustered observations. Ignoring the clustering
effect and analyzing multiple correlated observa-
tions as an independent sample would lead to
serious errors and invalid conclusions.

The intention-to-treat (ITT) approach is adopted
in the first example shown below. Besides, the pri-
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mary and further statistical analyses used in the
study are reported with sufficient details. In the sec-
ond example, fundamental statistical analyses
methods are described, the clustering effect was
taken into account by employing a multilevel logis-
tic regression analysis and the formula to calculate
the intracluster correlation coefficient (ICC) is
clearly presented. In the last example, the statistical
analysis unit (tooth) is not completely independent.
As a child could have more than one tooth included
in the trial, the clustering effect of the child should
not be neglected. Fisher’s exact test was inappro-
priately used without any further statistical analysis
adjusting for the possible clustering effect.

Example 1

For primary analysis, we used the intention-to-treat
(ITT) approach (Fisher et al., 1990). ... Primary
analysis tested two-year caries incidence among
treatment groups, with a two-degree-of-freedom
(d.f.) non-parametric extended Mantel-Haenszel
(EMH) test stratifying on center (Koch and Edwards,
1988). A priori step-down comparisons (Koch and
Gansky, 1996) of each varnish group vs. control
were performed, each at p < 0.05: (1) 4FV vs. OFV
and (2) 2FV vs. OFV; step (2) was performed only if
step (1) was significant. A 1 d.f. EMH test, stratify-
ing on center, tested trends across intended and
actual number of applications. Logistic regression
tested treatment group differences in incidence, with
adjustment for covariates and treatment X center
homogeneity. Supplemental analyses used linear
regression to compare log (d2 + fs + 1) and log
(d1 + fs + 1) among groups, adjusted for covariates
(since dn+fs is skewed)... [3].

Example 2

Continuous data were analyzed by analysis of vari-
ance (ANOVA) and categorical data with 2 test,
using the SPSS (version 16.0, SPSS, Inc., Chicago,
I1l., USA). Bacterial counts were log-transformed
before processing. Because of the clustered design,
the outcomes in caries and general health were
analyzed with age as covariate in a multilevel
logistic regression using the software STATA (ver-
sion 10.0, StataCorp, College Station, Tex., USA).
The intra cluster correlation coefficient (ICC)
(Killip et al., 2004), which reflects the homogene-
ity of the sample, was calculated using long one-
way ANOVA with the software STATA. ICC is
expressed as [(MSB — MSW)/(MSB + (m — 1)
MSW)], MSB being the mean square between
clusters, MSW the mean square within clusters and
m the (average) size of the clusters. The level of
significance was set at 5% (p < 0.05) [10].

Example 3

Sixteen children received only one restoration,
while 17 children had two or more teeth restored.
... The overall success rates (95% confidence inter-
val [95% CI]) at the six-month follow- up for the
GCP Glass Fill and Equia Fil were 69 percent
(95% CI equals 51-83) and 83% (95% equals
66-93), respectively. No significant difference was
detected between the study groups (Fisher’s exact
test, P = 0.20). However, at 12 months, the overall
success rates of both materials were 56% (95% CI
equals 37-73) for GCP Glass Fill and 86% (95%
CI equals 69-94) for Equia Fil. This difference was

statistically ~ significant (Fisher’s exact test,
P =0.03)... [37].
8.7  Other Considerations

8.7.1 Single-Center vs. Multiple-

Center Trials

Many RCTs in the literature are single-center tri-
als with small sample sizes, which may have
insufficient statistical power in detecting the
anticipated difference and lead to inconclusive
results. Compared with single-center trials,
multiple-center trials have several advantages
[38, 39]. First, multiple-center trials have more
heterogenous study participants which are
recruited from more than one center/clinics
located in different geographic regions. This
strengthens the generalizability (external valid-
ity) of the research findings and augments the
potential for subgroup analyses. Second, it is
easier to achieve a sufficient sample size from
multiple centers instead of a single one, espe-
cially for a RCT on a rare disease/condition.
Third, multiple centers increase the rate of par-
ticipant enrollment of the trial so that the attain-
ment of the required sample size can be achieved
in a relatively short period of time. However, it
should be noted that multiple-center trials may be
more complex and challenging to be conducted.
Several considerations should be taken into
account carefully, for example, to maintain the
internal validity of the trial and to sustain com-
mitment and collaboration with multiple centers.
Besides, for research data obtained from multiple
centers, proper statistical analysis approaches
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should be adopted to deal with the possible center
effect within multiple-center trials [40].

8.7.2 Access to Pediatric Population

Participants for pediatric dental research are usu-
ally recruited from university-affiliated dental
teaching hospitals, government dental clinics or
hospitals, private dental clinics, schools or child
daycare centers in the community. Schools and
child daycare centers are the most common study
sites for pediatric dental RCTs as many of them
are public health related. Children go to school
daily, and younger children may attend child day-
care centers. Researchers can recruit children of
the target age group for their study from the
schools and daycare centers easily. Moreover,
schools and daycare centers cover a population
from a broad range of sociodemographic back-
ground. When participants are recruited from
several schools with wide sociodemographic
background, the recruited sample will provide
good generalizability for RCTs that study the
effects of public health interventions such as den-
tal caries prevention measures [2, 4, 8] and oral
health promotion [15].

RCTs that study the outcomes of dental treat-
ments or materials usually recruit their partici-
pants from dental teaching hospitals or dental
clinics [18, 31, 36]. Patients who attend the clin-
ics usually present with a problem in oral health.
The clinical settings provide good access to the
population for the studies. Interventions can be
provided in a proper clinical setting as well. It
should be noted that the dental health care system
of different geographic regions may influence
how the recruitment centers are selected for
research studies. For example, in Hong Kong,
there is no dental insurance and government sup-
port for young children to visit dentists regularly.
It is uncommon for children to attend a private
dental clinic. Recruitment of children from pri-
vate or government dental clinics are, therefore,
impossible. However, RCTs conducted in
Australia, UK, USA, or Europe often recruit
child participants from different dental clinics
[16, 17].

8.7.3 Equipoise

The key features of RCTs are the study partici-
pants randomly assigned either to the new inter-
vention (test group, a novel but unproven
treatment) or the control group. The controls can
be concurrent controls in parallel studies or self-
controls in crossover studies and the treatment
received in the control group can be placebo or
standard-of-care treatment [40]. The principle of
equipoise comes into consideration to determine
whether the control group should be placebo or
standard-of-care. Even though the use of placebo
control with no active treatment may be appeal-
ing, the rationale in adopting such control needs
to be strongly justified. The (clinical) equipoise
principle is an ethical requirement in conducting
RCTs. There should be an equal uncertainty of
the relative effectiveness of the study groups
(either test or control treatment) before the start
of the trial, and no study participants should
receive a known inferior treatment [41, 42]. “The
trial must be designed in a way that aims to
resolve this uncertainty and bring consensus”
[42]. In circumstances where a standard-of-care
treatment exists, the control group should receive
the standard-of-care instead of placebo.

8.7.4 Informed Consent and Assent
Obtaining informed consent is an important pro-
cess in conducting a clinical trial. Participants
should receive relevant and adequate information
on the clinical trial in the form of an information
sheet to allow them to make an informed decision
about participation in the trial. In most cases,
written consent should be obtained by asking the
participants to sign on a consent form. According
to the International Council for Harmonization of
Technical Requirements for Pharmaceuticals for
Human Use (ICH), child participants in a pediat-
ric clinical trial are legally not able to provide
informed consent. Therefore, informed consent
from their parent(s) or guardian needs to be
obtained to grant permission for their child to
participate in the trial to protect the rights of the
pediatric study participants (E11 ICH) [43].
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In order to compensate the time and inconve-
nience that may have been occurred by the par-
ticipation in research or simply to offer an
incentive to encourage participation, monetary
compensation may be given to parents for their
children’s participation in clinical trials [44].
Careful considerations about the amount and tim-
ing for providing such compensation are needed
to avoid some parents being enticed to give con-
sent for their children’s participation against the
children’s best interest and the children are being
coerced to participate [45]. Therefore, children
should be approached whenever appropriate and
have an opportunity to assess their willingness
and give assent to participate in a trial to mini-
mize the possible coercion in participation.
However, such practice is not commonly reported
in the literature on pediatric dentistry RCTs.

Assent has been defined as “a relational process
whereby children’s actions and adult responses
taken together, reflect children’s participation
decisions” [44]. In order to seek the informed
assent, age-appropriate and easy to understand
information about the clinical trial should be given
to the child participants to help them to decide if
they want to take part in the trial [45]. It is not an
easy process and researchers are encouraged to
work together with the children to develop effec-
tive means of obtaining children’s assent [44, 46—
48]. Ford and coworkers involved children aged 6
and 12 years and collated the words that children
can understand for the construction of information
sheet and assent form [46]. Kumpunen and
coworkers developed a storyboard and a word
search approach for children aged 4—12 years [47].

8.7.5 Minimizing Distress
and Non-cooperation

For daily oral health care, if children are uncoop-
erative and refuse a necessary treatment, the den-
tists and their parents will try to find alternative
treatment approaches, for example, a different
form of drugs, non-surgical approaches, or non-
invasive approaches. However, in RCTs, children
who are randomly allocated to a particular study
group cannot choose alternatives based on their

own preferences. Despite this, it is not ethical to
force the children to receive the intervention that
they refuse. Thus, in most cases, non-cooperation
is a criterion to exclude participant children from
the trial. When children are unable to cooperate
and complete the planned examination or inter-
vention, they would be excluded from the trial.
Investigators are encouraged to obtain good
cooperation from participating children. Practical
considerations should be exercised to ensure that
the participants’ experiences in the trial are posi-
tive, and efforts should be made to minimize dis-
comfort and distress [43]. For example, in order
to give a pleasant impression to the school chil-
dren and encourage their participation in a clini-
cal trial, Ly and coworkers have made use of a
skit with an oral health message to be presented
to the children during a school assembly to intro-
duce the research team [49].

On the other hand, in gaining the children’s
cooperation during the clinical examination or
sample collection for the research study, some
common behavior management techniques such
as tell-show-do, reinforcement, assimilation, and
modelling can be practiced. Tell-show-do can help
children understand what they will experience;
reinforcement can encourage the children, build
up trust, and rapport from them. For clinical trial
under the school setting, modelling with school-
mates can set a good way for anxious children.
Assimilation can help children adapt to the dental
environment step-by-step. For example, instead of
restoring caries cavities at the first dental visit,
investigators of a trial used a two-stage approach
to conducted interventions for the study children
who were at a very young age [50]. In this RCT,
only dental examinations and applications of fluo-
ride agent were conducted at the first dental visit.
These quick and painless procedures made the
children feel less frightened about seeing a dentist
and receiving dental treatments. This helped to
gain trust from these young children, which made
them less resistant to the restorative procedures at
the second dental visit. This two-stage approach
helped the children become more cooperative dur-
ing the whole study. Therefore, when designing
and conducting a trial, investigators should con-
sider the most appropriate strategy and provide
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training to the research-related personnel to effec-
tively implement such strategy to gain better coop-
eration from the participating children.

8.7.6 Arrangement for School-
Based RCTs

As for RCTs conducted in kindergartens and
schools, it is crucial to sustain a good collabora-
tion with the involved kindergartens and schools.
Implementing RCTs in kindergarten/schools may
affect regular teaching schedules such as time
conflicts between research activities and study
courses, and involve entrance of unfamiliar peo-
ple (research-related personnel who are not
familiar to the kindergarten/school) into campus
and occupation of classrooms or other school
venues. Thus, efforts should be made to closely
cooperate with the kindergarten/schools to bal-
ance research activities and regular teaching
schedules. For example, in a RCT conducted in
kindergartens which aimed to study the influence
of prior application of silver diamine fluoride
(SDF) solution on atraumatic restorative treat-
ment, the investigators restored caries cavities
10 weeks after the application of SDF. Besides
the scientific reason that a 10-week time period
allows the active caries to become arrested after
the application, another reason to adopt the
10-week interval is that the kindergartens could
arrange the activities without interrupting their
regular teaching schedules [50].

8.7.7 RCTs Testing Clinical Products

Newly invented treatments have to be substan-
tially tested in human RCTs before they could be
approved for wider use in the general population.
In dentistry, the treatment could be dental materi-
als, dental devices, or instruments. New treat-
ments have to be studied in the laboratory first to
determine the potential effect on people. Only
treatments that are proved to have a promising
effect and are at an acceptable safety level can be
clinically investigated. Carefully designed RCTs,
considered to be the gold standard, are usually

conducted to test the new treatments. The rights
and welfares of participants in the clinical trials
of new treatments are always monitored by the
institution sponsoring the trial. The study proce-
dures have to be thoroughly reviewed by institu-
tional review boards that are composed of experts
and professionals from various healthcare disci-
plines, and lay people. Clinical trials testing new
treatments are usually tested on adults first. The
treatments may then be approved for the use in
children even though the evidence of the safety
and effectiveness in young age groups is limited.
Inadequate trials for new treatments are problems
in both medicine and dentistry. As the child pop-
ulation is relatively smaller, and not many new
treatments are specifically developed for chil-
dren, the incentive to conduct RCTs among chil-
dren is usually low.

New products and treatments usually have to
be approved by governmental authority before
further clinical research can be conducted. A
recent example would be the use of SDF in dental
caries prevention. SDF has been approved and
used in Japan for more than 80 years. It was
cleared by the US Food and Drug Administration
(FDA) in 2014 as an antihypersensitivity agent
for dental use. Researchers can conduct study on
SDF after it was approved by the authority.

8.8  Adverse Effects

When conducting an RCT to evaluate the bene-
fits and efficacy of an intervention, information
on harms, side, and unintended effects of the
intervention should be provided for readers as
well (consort). When deciding whether to accept
or adopt the tested intervention in clinical prac-
tice, not only the benefits and efficacy, but also
the adverse effects should be taken into account.
In fact, not all trials have adverse events
observed, and not all adverse events in a trial are
the consequences of the intervention. So it is the
authors’” responsibility to provide sufficient
information on whether there are harms or side
effects, and if any, whether they are related to the
intervention given. For example, in an RCT
reporting on the atraumatic restorative treatment
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for primary teeth in preschool children, authors
stated that “No obvious harms and adverse health
outcomes due to the study interventions were
observed” [50]. As for trials that may have vari-
ous adverse events, details of the safety data
should be collected and reported thoroughly. For
instance, in an RCT applying SDF solution to
treat dental caries among preschool children, a
full report with details of the possible adverse
effects of the intervention has been published
[51]. However, it is found that the adverse effects
are inadequately reported in the existing RCTs
papers in pediatric dentistry. Majority of the
papers did not define and list the adverse events
during the trial, so readers did not have any clues
to judge the possible adverse impacts of the
intervention.

Regarding non-malfeasance, especially for a
trial with a long follow-up time, an interim anal-
ysis can be performed with the intention “to
compare treatment arms with respect to efficacy
or safety at any time prior to formal completion
of a trial” (E9 ICH) [52]. The interim analysis
would help decide whether to stop early or to
continue with the planned trial [26]. A trial can
be stopped earlier than planned when the
researchers find evidence showing more substan-
tial benefits or harms than expected in the exper-
imental intervention group. A trial can also be
stopped earlier when no important difference
between the test and control intervention groups
are found as well. Interim analysis should be
planned carefully and reported in detail because
the number, methods, and consequences of these
comparisons affect the interpretation of the trial
[26, 52].

8.9 Dissemination

Conducting well-designed high-quality RCTs are
crucial in evidence-based dentistry, as they pro-
vide reliable scientific evidence for practitioners to
provide the best care for their patients. However,
effective dissemination of research results is of
paramount importance so that the new treatment
will be adopted and implemented in clinical prac-

tice [53-55]. Without doubt, researchers present-
ing research findings at international conferences
and writing up papers to be published in scientific
journals are necessary for research results dis-
semination. Other stakeholders like the research
and professional associations, research funders,
and dental educators should also be proactive in
disseminating the findings through clinical guide-
lines and dental education [53-55]. Besides, with
the increasing emphasis of knowledge translation
of research, researchers are also responsible for
disseminating research findings to target audi-
ences in the study communities especially when
conducting  community-based  participatory
research or research involving vulnerable popula-
tions [56, 57].

In summary, more well-designed high-qual-
ity randomized controlled trials (RCTs) are
required to generate scientific evidence for use
by clinical practitioners to provide the most
appropriate care for their patients. In this chap-
ter, published RCTs in pediatric dentistry are
reviewed and knowledge gaps are identified.
Important considerations and specific issues
regarding the design, implementation, and dis-
semination of RCTs in pediatric dentistry are
discussed.

8.10 Case Scenario Exercise

8.10.1 Case Scenario

As a dental practitioner treating child
patients, you would like to know the effec-
tive way to place preformed metal crowns
(PMCs) in primary molars. Thus, a well-
designed RCT is demanded to provide evi-
dence on how to place PMCs in primary
molars, and whether tooth preparation is
necessary prior to the placement of PMCs.
If you are the primary investigator, what
would you do in designing and implement-
ing this trial?
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Questions

1.

Who are the potential participants of the study
and how to access the study population?

. What is the primary outcome of the study? Is

there any outcome to be

evaluated?

secondary

. What are the potential interventions in the

study?

. How to determine the sample size of the

study?

. How to randomly allocate participants into

different study groups? How to achieve allo-
cation concealment?

. How to achieve blinding in the study? Who

should be blinded and by what methods?

. What are the proposed statistical analyses of

the study?

. How to prevent attrition from the study? How

to deal with missing outcome data?

Answers

1.

Potential participants can be children with at
least one primary molar tooth affected by
decay recruited from different sources, for
example, dental clinics, dental hospitals, kin-
dergartens, primary schools, and
communities.

. The primary outcome can be the success of the

PMC:s (e.g., a composite outcome with no pain
symptoms, no signs of infection, the restoration
being intact, etc.) measured in the short term
(Iess than 12 months) or long term (12 months
or more). Apart from the primary outcome,
various secondary outcomes can be evaluated,
for example, the time used to place the PMCs,
gingival conditions, and patient-reported out-
come measures such as parental and child
satisfaction.

. Having tooth preparation prior to the place-

ment of PMCs compared to no tooth prepara-
tion prior to the placement of PMCs.

. Sample size calculation should be determined

based on the study design (parallel or split-
mouth design) and the primary outcome of the
RCT (success or failure). As the primary out-
come is dichotomous, risk ratio would be used
to evaluate the difference in the success rates
between PMCs with and without tooth prepa-

. Computer-generated

ration. The sample size can be determined
based on the effect size, significance level, sta-
tistical power, allocation ratio, and the antici-
pated attrition rate. Intracluster correlation
needs to be considered when multiple PMCs
are placed in the same mouth so as to adjust
for the clustering effect of the observations
measured from the same child.

random number
sequence and sequentially numbered opaque-
sealed envelopes is a desirable method to
achieve allocation concealment in this study.

. In this study, the operator responsible for plac-

ing the PMCs cannot be blinded because the
procedures in the study groups are different.
However, the children, their parents, and the
examiners responsible for assessing the study
outcomes can be blinded by not informing
them of the children’s group allocation.

. As the primary outcome is the success of the

PMCs, survival analysis is a good option for
analyzing the time-to-event variable. The
clustering effect should not be neglected if
multiple PMCs are placed in a child. As for
the secondary outcomes, different statistical
analysis methods may be chosen based on the
measurement scales, such as comparing the
means for continuous data and proportions for
categorical data. Furthermore, appropriate sta-
tistical analysis should be used to compare the
baseline characteristics between study groups
in a parallel group design.

. Several approaches can be adopted: (1) good

communication with the participating parents
and children during the recruitment process
in explaining the project information and
obtaining informed consent; (2) practical
considerations to ensure positive experiences
in the trial and make efforts to minimize dis-
comfort and distress during the treatment; (3)
providing incentives and (4) utilizing multi-
ple strategies to follow up with the parents
and maintaining their interests in the trial,
such as making phone calls, sending remind-
ers and emails. Depending on the amount and
nature of the missing data, the missing data
may be imputed and various methods can be
adopted.



172

C. M. Jiang et al.

References

11.

13.

14.

. ADA. Specialty definitions. 2018. Available from:

https://www.ada.org/en/ncrdscb/dental-specialties/
specialty-definitions#.

. Jiang CM, et al. Randomized controlled trials in dental

journals on children and adolescents: a bibliometric
analysis. J Evid Based Dent Pract. 2021;21(4):101621.
https://doi.org/10.1016/j.jebdp.2021.101621.

. Weintraub JA, et al. Fluoride varnish efficacy in

preventing early childhood caries. J Dent Res.
2006;85(2):172-6.

. Lawrence HP, et al. A 2-year community-randomized

controlled trial of fluoride varnish to prevent early
childhood caries in Aboriginal children. Community
Dent Oral Epidemiol. 2008;36(6):503-16.

. Duangthip D, et al. Caries arrest by topical fluorides

in preschool children: 30-month results. J Dent.
2018;70:74-9.

. Soncini JA, et al. The. longevity of amalgam versus

compomer/composite restorations in posterior pri-
mary and permanent teeth—findings from the new
England children's amalgam trial. ] Am Dent Assoc.
2007;138(6):763-72.

. Mandari GJ, Frencken JE, van't Hof MA. Six-year

success rates of occlusal amalgam and glass-ionomer
restorations placed using three minimal intervention
approaches. Caries Res. 2003;37(4):246-53.

. Franzon R, et al. Outcomes of one-step incom-

plete and complete excavation in primary teeth: a
24-month randomized controlled trial. Caries Res.
2014;48(5):376-83.

. Nase L, et al. Effect of long-term consumption of a

probiotic bacterium, Lactobacillus rhamnosus GG,
in milk on dental caries and caries risk in children.
Caries Res. 2001;35(6):412-20.

. Stecksen-Blicks C, Sjostrom I, Twetman S. Effect of

long-term consumption of milk supplemented with
probiotic lactobacilli and fluoride on dental caries
and general health in preschool children: a cluster-
randomized study. Caries Res. 2009;43(5):374-81.

Thorild I, Lindau B, Twetman S. Caries in 4-year-old
children after maternal chewing of gums containing
combinations of xylitol, sorbitol, chlorhexidine and
fluoride. Eur Arch Paediatr Dent. 2006;7(4):241-5.

. Morgan MYV, et al. The anticariogenic effect of sugar-

free gum containing CPP-ACP nanocomplexes on
approximal caries determined using digital bitewing
radiography. Caries Res. 2008;42(3):171-84.
Poulsen S, Beiruti N, Sadat N. A comparison of reten-
tion and the effect on caries of fissure sealing with a
glass-ionomer and a resin-based sealant. Community
Dent Oral Epidemiol. 2001;29(4):298-301.
Nordstrom A, Birkhed D. Preventive effect of high-
fluoride dentifrice (5000 ppm) in caries-active
adolescents: a 2-year clinical trial. Caries Res.
2010;44(3):323-31.

. Harrison R, et al. Effect of motivational interviewing

on rates of early childhood caries: a randomized trial.
Pediatr Dent. 2007;29(1):16-22.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Rong WS, et al. Effectiveness of an oral health edu-
cation and caries prevention program in kindergar-
tens in China. Community Dent Oral Epidemiol.
2003;31(6):412-6.

O'Brien K, et al. Effectiveness of early orthodontic
treatment with the Twin-block appliance: a multi-
center, randomized, controlled trial. Part 1: Dental
and skeletal effects. Am J Orthod Dentofac Orthop.
2003;124(3):234-43.

O'Brien K, et al. Effectiveness of treatment for Class
II malocclusion with the Herbst or Twin-block appli-
ances: a randomized, controlled trial. Am J Orthod
Dentofac Orthop. 2003;124(2):128-37.

Huth KC, et al. Effectiveness of 4 pulpotomy tech-
niques—randomized controlled trial. J Dent Res.
2005:84(12):1144-8.

Bird SE, Williams K, Kula K. Preoperative acet-
aminophen vs ibuprofen for control of pain after orth-
odontic separator placement. Am J Orthod Dentofac
Orthop. 2007;132(4):504-10.

Surendar MN, et al. A comparative evaluation of
intrnasal dexmedetomidine, midazolam and ket-
amine for their sedative and analgesic properties: a
triple blind randomized study. J Clin Pediatr Dent.
2014:38(3):255-61.

Klaassen MA, Veerkamp JSJ, Hoogstraten J. Young
children's Oral Health-Related Quality of Life and
dental fear after treatment under general anaesthe-
sia: a randomized controlled trial. Eur J Oral Sci.
2009;117(3):273-8.

Prahl C, et al. A randomised prospective clinical
trial into the effect of infant orthopaedics on maxil-
lary arch dimensions in unilateral cleft lip and palate
(Dutchcleft). Eur J Oral Sci. 2001;109(5):297-305.
Bongaarts CAM, et al. Infant orthopedics has no
effect on maxillary arch dimensions in the deciduous
dentition of children with complete unilateral cleft
lip and palate (Dutchcleft). Cleft Palate Craniofac J.
2006;43(6):665-72.

Zotti F, et al. Usefulness of an app in improving
oral hygiene compliance in adolescent orthodontic
patients. Angle Orthod. 2016;86(1):101-7.

Mejare IA, et al. A systematic map of systematic
reviews in pediatric dentistry—what do we really
know? PLoS One. 2015;10(2):e0117537.

Agamy HA, et al. Comparison of mineral triox-
ide aggregate and formocresol as pulp-capping
agents in pulpotomized primary teeth. Pediatr Dent.
2004:26(4):302-9.

Campbell MJ, Julious SA, Altman DG. Estimating
sample sizes for binary, ordered categorical, and con-
tinuous outcomes in two group comparisons. BMJ.
1995;311(7013):1145-8.

CONSORT. Explanation and Elaboration: updated
guidelines for reporting parallel group randomised
trials. BMJ. 2010;2011(343):d6131.

Caglar E, et al. Short-term effect of ice-cream con-
taining Bifidobacterium lactis Bb-12 on the number
of salivary mutans streptococci and lactobacilli. Acta
Odontol Scand. 2008;66(3):154-8.


https://www.ada.org/en/ncrdscb/dental-specialties/specialty-definitions
https://www.ada.org/en/ncrdscb/dental-specialties/specialty-definitions
https://doi.org/10.1016/j.jebdp.2021.101621

Randomized Controlled Trials in Pediatric Dentistry

173

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

Kim J, Shin W. How to do random allocation (ran-
domization). Clin Orthop Surg. 2014;6(1):103-9.
Innes NPT, Evans DJP, Stirrups DR. Sealing caries
in primary molars: randomized control trial, 5-year
results. J Dent Res. 2011;90(12):1405-10.

Arrow P. Restorative outcomes of a minimally invasive
restorative approach based on atraumatic restorative
treatment to manage early childhood caries: a ran-
domised controlled trial. Caries Res. 2016;50(1):1-8.
Ziraps A, Honkala E. Clinical trial of a new glass
ionomer for an atraumatic restorative treatment
technique in class I restorations placed in Latvian
school children. Med Princ Pract. 2002;11(Suppl. 1):
44-7.

Carpenter JR, Kenward MG. Missing data in
randomised controlled trials: a practical guide.
Birmingham: Health Technology Assessment
Methodology Programme; 2007. p. 199. https://
researchonline.lshtm.ac.uk/id/eprint/4018500
Frencken JE, et al. Effectiveness of ART and tradi-
tional amalgam approach in restoring single-surface
cavities in posterior teeth of permanent dentitions in
school children after 6.3 years. Community Dent Oral
Epidemiol. 2007;35(3):207-14.

de Franca Lopes CMC, et al. Randomized clini-
cal trial of ART class II restorations using two glass
ionomer cements: one-year follow-up. Pediatr Dent.
2018:;40(2):98-104.

Chung KC, Song JW, WRIST Study Group. A guide to
organizing a multicenter clinical trial. Plast Reconstr
Surg. 2010;126(2):515-23.

Youssef N, Reinhart K, Sakr Y. The pros and cons
of multicentre studies. Netherlands J Crit Care.
2008;12:120-2.

Zheng L, Zelen M. Multi-center clinical trials: ran-
domization and ancillary statistics. Ann Appl Stat.
2008;2(2):582-600.

Garrocho-Rangel A, Cerda-Cristerna B, Pozos-
Guillen A. Bioethical issues in conducting pediat-
ric dentistry clinical research. J Clin Pediatr Dent.
2018;42(2):85-90.

Hoffer LJ. Understanding Equipoise. Nutr Clin Pract.
2020;35(3):495-8.

ICH Harmonised Guideline Addendum To ICH
Ell: Clinical Investigation of Medicinal Products
in the Pediatric Population 2017. Available from:

44.

45.

46.

47.

48.

49.

50.

51.

52.

53

54.

55.

56.

57.

https://database.ich.org/sites/default/files/E11_R1_
Addendum.pdf.

Dockett S, Perry B. Researching with young children:
seeking assent. Child Indic Res. 2011;4:231-47.
Institute, N.C. Available from: https://www.cancer.
gov/Common/PopUps/popDefinition.aspx?id=CDRO
000688774&version=Patient&language=en.

Ford K, Sankey J, Crisp J. Development of children's
assent documents using a child-centred approach. J
Child Health Care. 2007;11(1):19-28.

Kumpunen S, et al. Practical approaches to seeking
assent from children. Nurse Res. 2012;19(2):23-7.
Petten Consulting. 2020. Available from: http://
www.pettenconsulting.com/obtaining-assent
-from-children/.

Ly KA, et al. Xylitol gummy bear snacks: a school-
based randomized clinical trial. BMC Oral Health.
2008;8:20.

Jiang M, et al. A 24-month randomized controlled
trial on the success rates of restoring untreated and
SDF-treated dentine caries lesions in primary teeth
with the ART approach. J Dent. 2020;100:103435.
Duangthip D, et al. Adverse effects of silver diamine
fluoride treatment among preschool children. J Dent
Res. 2018;97(4):395-401.

ICH Harmonised Tripartite Guideline. Statistical
Principles for Clinical Trial (E9). Available from:
https://database.ich.org/sites/default/files/E9_
Guideline.pdf.

. Pitts N. Understanding the jigsaw of evidence-based

dentistry: 1. Introduction, research and synthesis.
Evid Based Dent. 2004;5(1):2—4.

Pitts N. Understanding the jigsaw of evidence-based
dentistry. 2. Dissemination of research results. Evid
Based Dent. 2004;5(2):33-5.

Pitts N. Understanding the jigsaw of evidence-based
dentistry. 3. Implementation of research findings
in clinical practice. Evid Based Dent. 2004;5(3):
60-4.

Bodison SC, et al. Engaging the community in the
dissemination, implementation, and improvement of
health-related research. Clin Transl Sci. 2015;8(6):
814-9.

McDavitt B, et al. Dissemination as dialogue: build-
ing trust and sharing research findings through com-
munity engagement. Prev Chronic Dis. 2016;13:E38.


https://researchonline.lshtm.ac.uk/id/eprint/4018500
https://researchonline.lshtm.ac.uk/id/eprint/4018500
https://database.ich.org/sites/default/files/E11_R1_Addendum.pdf
https://database.ich.org/sites/default/files/E11_R1_Addendum.pdf
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000688774&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000688774&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000688774&version=Patient&language=en
http://www.pettenconsulting.com/obtaining-assent-from-children/
http://www.pettenconsulting.com/obtaining-assent-from-children/
http://www.pettenconsulting.com/obtaining-assent-from-children/
https://database.ich.org/sites/default/files/E9_Guideline.pdf
https://database.ich.org/sites/default/files/E9_Guideline.pdf

®

Check for
updates

Randomized Controlled Trials
in Periodontology
and Implantology
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and Joseph V. Califano

9.1 Introduction
Many research questions have been addressed in
periodontal research, and more than 100 peri-
odontology randomized controlled trials (RCTs)
are published every year [1]. The RCTs address
clinical issues in everyday decision-making.
Often, however, poor study designs (inadequate
sample size, inappropriate or absent controls, and
poorly conceived statistical analysis) limit the
quality of the data and thus the conclusions that
can be derived. Moreover, there are other ques-
tions that have not been addressed by RCTs,
leaving therapy based on clinical judgment alone.
The CONSORT (Consolidated Standards of
Reporting Trials) statement, discussed through-
out this textbook, was created to establish stan-
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dards for the publication of drug studies with a
‘standard’ two-group parallel design [2]. In addi-
tion, a nonpharmacologic extension (CONSORT-
NPE) was published [3] to aid and encourage full
reporting of details of operative procedures [4].
This is particularly relevant to periodontal RCTs,
many of which investigate operative or surgical
interventions. Leow et al. (2016) assessed the
quality of reporting in periodontology, changes
from years 2013 to 2015, and adherence to
CONSORT-NPE [3, 4]. In their review, the
authors found that 84% of 173 studies included
described randomization methods, 74% high-
lighted examiner blinding, 87% accounted for
patients at the study conclusion, 50% addressed
patient or clinician blinding, and 64% described
allocation concealment. In addition, 62% con-
tained detailed explanations of experimental
treatments, but most (88%) lacked training and
certification protocols to assure clinician fidelity
to the intervention, and few (17%) described the
clinician’s expertise and experience. The review
concluded that substantial improvements in
reporting have occurred over time, but attention
is required to all aspects of the CONSORT-NPE
[4]. In particular, lack of blinding and statistical
analysis that did not address participant attrition
were some of the problems.

More recently, Meyer et al. (2023) assessed
the inclusion of flow diagrams in RCTs published
in periodontology and implantology from 2018
to 2022 [5]. The CONSORT checklist
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recommends the use of flow diagrams to help
document and visualize the trial flow [2, 6].
Templates are available and help provide stan-
dardization. The authors included 544 eligible
articles and reported that only 58% of the papers
included a flow diagram, with reporting being
more common in periodontology (73.1%) in con-
trast to implantology (51.5%). Only 56% of
reports included a complete CONSORT flow dia-
gram, with others having at least one point miss-
ing in their flow diagram from the CONSORT
reporting template. The reasons for loss to fol-
low-up were missing in a third of the flow dia-
grams (30.3%), and the RCT analysis type
(intent-to-treat, per-protocol, or both) was not
reported in the majority (84.6%) of the studies.
Thus, the authors concluded that there is a need
for greater author attention to the importance of
complete flow diagrams.

CONSORT guidelines have also been devel-
oped for RCT abstracts to provide detail and
clarity for readers to promptly assess a trial’s
validity and the applicability of its results [7].
Xie et al. (2020), assessed the quality of RCT
abstracts on drug therapy for periodontal dis-
ease in the last 10 years [1]. Based on the
assessment of 249 included studies, the authors
found that reporting for CONSORT items on
trial design, numbers analyzed, confidence
intervals, intention-to-treat analysis or per-pro-
tocol analysis, harms, and registration was less
than 30%. Blinding was reported by less than
half of the abstracts, and very few of them accu-
rately said who was blinded. Studies have
shown that nonblinded assessors might overes-
timate the effect in the treatment groups and
underestimate the effect in the control groups
[8, 9]. Further, none of the abstracts reported
funding. The literature points out that studies
funded by pharmaceutical companies may
selectively report funder favorable outcomes,
leading to publication bias [10, 11]. So, one
should be careful while interpreting drug RCTs
to inform a particular drug use in clinical treat-
ment. Future studies are needed to the
CONSORT statement in this area of study.

9.2  Periodontology

Relative Effectiveness

of Nonsurgical, Gingival Flap
Procedures, and Resective
Surgery Procedures

9.2.1

There are several RCTs that examine the relative
effectiveness of nonsurgical, gingival flap proce-
dures and resective surgery procedures [12-16].
In the review by Mailoa et al. [14], the authors
searched peer-reviewed journals and selected
RCTs that compared surgical to nonsurgical ther-
apy in equal to or greater than ten patients diag-
nosed with periodontitis and studies were
included if they measured clinical attachment
level (CAL) and probing depth (PD) and had a
follow-up equal to or greater than 2 years from
the experimental clinical intervention.

The authors performed a meta-analysis to
assess the outcome of therapy for shallow, mod-
erate, and deep PDs at enrollment [14]. Eight tri-
als met their criteria. The meta-analysis found
that for shallow probing depths (1-3 mm), scal-
ing and root planing (SRP), modified Widman
flap (MWF), and osseous surgery (OS) resulted
in a mean of 23.2%, 39.4%, and 61.39% CAL
loss, respectively. For 4-6 mm probing depths, a
mean of 8.4%, 6.5%, and 5.22% CAL gain,
respectively, was found. In >7 mm probing
depths, a 9.8%, 14.2%, and 9.38% CAL gain,
respectively, were found. For probing depth, they
found that for shallow probing depths (1-3 mm),
scaling and root planing (SRP) and modified
Widman flap (MWF) resulted in a mean increase
in probing depth of 2.5% and 3.3%, respectively,
while for osseous surgery (OS) probing depths
were decreased by 6.3%. For 4-6 mm probing
depths, a mean of 18.7%, 24.4%, and 30.8%
probing depth reduction, respectively, was found.
In >7 mm probing depths, there was a 21.6%,
33.1%, and 42.8% probing depth reduction,
respectively. The relative changes in CAL and
PD from baseline indicated that OS resulted in a
greater PD reduction than either SRP or MWF in
initially shallow probing sites. However, SRP
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resulted in less CAL loss than either surgical
approach. For initial probing depths of 4-6 mm,
MWEF resulted in more PD reduction than either
SRP or OS, which were not statistically different
from each other. However, SRP resulted in more
CAL gain than either MWF or OS. For an initial
probing of >7 mm, OS resulted in a significantly
greater PD reduction than either SRP or MWE,
which were not different from each other.
Regarding CAL for an initial probing of >7 mm,
SRP had a more favorable effect for CAL than
either MWF or OS. Four other systematic
reviews/meta-analyses found similar results [12,
13, 15, 16].

Mailoa et al. [14] noted that all of the studies
included in the meta-analysis had a high risk of
bias. For example, only one study provided
details on the randomization method, and none
provided methods used to conceal the allocation
sequence and blind the participants and outcome
assessment. Three studies reported incomplete
outcome data. Similarly, in their meta-analysis
on flap procedures compared to subgingival treat-
ment of periodontitis, Sanz-Sanchez, 2020 [16]
also found serious methodological inadequacies
associated with bias. The most common risk of
bias was incomplete reporting of the randomiza-
tion process (sequence and allocation conceal-
ment) and examiner blinding. Thus, future studies
need to address these deficiencies.

9.2.2 Scaling and Root Planing
Alone and with Adjunctive
Agents

Three recent systematic reviews/meta-analyses
compared manual and ultrasonic instrumentation
in nonsurgical periodontal therapy. Two of the
analyses found no difference in PD reduction or
CAL gain from baseline for either therapy [17,
18]. One of the reviews [19] found that manual
instrumentation was significantly better for initial
probing depths of 4-6 mm than ultrasonic scaling
for PD reduction at 6 months post-treatment,
with no difference for CAL gain. When the prob-

ing depth was >6 mm, both PD reduction and
CAL gain were significantly better for manual
SRP [19]. However, the authors pointed out that
the data on the outcome of treatment on initially
shallow pockets was generally of low quality as
sample sizes were small. The review also pointed
to publication bias, with some studies with no
significant findings not being published. The
published work came primarily from highly
developed countries: there was only a single
study from a developing country; hence, more
research is needed in developing countries.

The studies discussed above did not include
smoking as a variable. Since smoking has a
highly significant effect on periodontal health
and the response to periodontal therapy, failure to
consider this variable may have resulted in
reported differences in outcomes that were due to
a failure to balance the test and control groups for
this variable. Future studies of therapies need to
include and document the smoking history of the
study participants as well.

New RCTs may yield greater findings if, in
addition to CAL and PD, the studies include
other measures such as bleeding on probing,
Periodontal Index, Gingival Index, and micro-
flora changes. Results of experimental therapies
for single and multi-rooted teeth should be
reported separately, as they may respond differ-
ently to treatment [20].

Two recent systematic reviews/meta-analyses
compared full-mouth disinfection FMD (SRP
full mouth within 24 h, with 2 weeks of chlorhex-
idine rinses after SRP), FMSRP (SRP full mouth
within 24 h only), and conventional SRP (CSD).
One found a small but significant difference in
PD reduction (0.2 mm) and CAL gain (0.2—
0.4 mm) for FMD and FMSRP as compared to
CSD, but the differences were not deemed clini-
cally significant [21]. The other review did not
find a significant difference between the three
approaches [22]. Two reviews compared FMD
with FMSRP. They both found a significant dif-
ference between the approaches for PD at
40-60 days and 180 days of 0.24 mm and
0.33 mm, respectively, with no difference in
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CAL. The differences were not considered clini-
cally significant [23, 24].

Eberhard et al. (2015) discuss the design limi-
tations and considerations for future studies
assessing the clinical outcomes of full-mouth dis-
infection and full-mouth scaling [22]. They found
that there is low-quality existing evidence and
that special attention should be paid to allocation
concealment, complete outcome data reporting,
and blinding of outcome assessors. The blinding
of outcome assessment can be compromised by
participant awareness of differences between
interventions and visible signs of differences in
intervention groups, for example, debridement
completion differences between the groups or
stains on the teeth from pharmaceuticals [22].
Objective outcomes like tooth loss may be less
amenable to bias, but the duration of follow-up
needed would increase to 3-5 years [22]. Future
studies should address economic costs and
patient burden, and the authors should follow the
CONSORT guidelines [22].

The addition of local delivery antibiotics to
scaling and root planing was also assessed in two
systematic reviews/meta-analyses. The meta-
analyses indicated a significant improvement in
PD reduction (0.36-0.65) but not for CAL [25,
26]. A third review examined the use of locally
applied antibiotics during surgery and found a
significant improvement in PD reduction
(0.41 mm) and CAL (0.61 mm) [27]. Future
RCTs should also include other periodontal end-
points such as tooth survival and oral health out-
comes in addition to PD and CAL, identify the
ideal antibiotic agent, its dosage, delivery meth-
ods (e.g., into membranes or bone grafts), release
kinetics, antimicrobial spectrum, and effects on
periodontal healing [27].

Adjunctive systemic antibiotics were exam-
ined in a systematic review by Khattri et al. [28].
SRP plus amoxicillin and metronidazole, metro-
nidazole alone, azithromycin, doxycycline, tetra-
cycline, and clindamycin were compared to SRP
alone. Each of the antibiotic regimens was also
compared to each other. This was done in both
chronic periodontitis and aggressive periodontitis
patients. The outcome measures included PD,

CAL, pocket closure, and bleeding on probing
(BOP). Among all the comparisons made for dif-
ferent adjunctive antibiotics, the differences in
the outcome measures were either not significant
or the differences were small. Even when a sig-
nificant difference was found, the analysis indi-
cated that differences were small and of very low
certainty. Most trials testing amoxicillin, metro-
nidazole, and azithromycin reported adverse
events such as nausea, vomiting, diarrhea, mild
gastrointestinal disturbances, and metallic taste.
No serious adverse events were reported.

The authors concluded that there was very
low-certainty evidence to inform clinicians and
patients as to whether adjunctive systemic anti-
microbials are of any benefit in the nonsurgical
treatment of periodontitis. There is insufficient
evidence to decide whether some antibiotics are
better than others when used with SRP. The
authors also suggested some important consider-
ations for future studies. These include standard-
izing dosage and duration of antibiotic
administration and control treatment, assessment
of antibiotic resistance, consistent reporting of
adverse events, results stratified by periodontitis
severity and age, and a priori defining the ‘mini-
mally important clinical difference for the out-
comes percentage of closed pockets, CAL, pocket
depth, and percentage of BOP’.

There are five other systematic reviews/meta-
analyses of adjunctive treatment with systemic
antibiotics. These reviews found a limited PD
reduction (0.44 mm) and CAL gain (0.21 mm);
however, significant improvements were noted in
PD reduction for moderate (0.88 mm) and deep
(1.26 mm) pockets and CAL gain for moderate
(0.83 mm) and deep (1 mm) pockets at 12 months
in patients with untreated aggressive periodonti-
tis [29-33]. One review examined whether
assessing the presence/absence of a periodontal
pathogen before treatment resulted in a better
outcome, but no evidence was found to suggest
that baseline detection of periodontopathogenic
bacteria should be used as a criterion for pre-
scribing adjunctive antibiotics [31].

The adjunctive use of subantimicrobial-dose
doxycycline (SDD) was also examined. The
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meta-analysis, conducted by Reddy et al. indi-
cated a significant effect of SDD for PD decrease
(0.442 mm for initial probing depth of 4-6 mm,
and 0.452 mm for initial probing depth of
>7 mm) and CAL gain (0.448 mm for initial
probing depth of 4—6 mm, and 0.481 mm for ini-
tial probing depth of >7 mm) when added to SRP
[34]. A second review also found similar differ-
ences for CAL and PD [32].

Five systematic reviews/meta-analyses com-
pared SRP with adjunctive probiotics (orally
administered Lactobacillus reuteri) compared to
SRP alone. One review found a significant effect
on PD reduction and CAL gain at 3 and 12 months
but not at 6 and 9 months [35]. A similar early
small but significant effect for PD reduction and
CAL gain that could not be confirmed at 6 months
was found by Hu et al. [36]. Three other reviews
found a significant decrease in PD and
CAL. However, all of these short-term studies
found inconsistent effects, therefore, they do not
support the use of probiotics as an adjunct to
periodontal therapy [37-39].

Four systematic reviews/meta-analyses com-
pared SRP with locally delivered statins to SRP
alone. The authors hypothesize that statins may
support the production of growth factors that
enhance bone deposition. All of these reviews
found a significant effect on PD reduction
(1-1.76 mm) and CAL gain (1-1.84 mm). But,
three of the reviews found a high level of hetero-
geneity among the studies and stated that the
results should be viewed with caution [40-43].

One systematic review, including four studies,
examined SRP with adjunctive locally delivered
metformin gel. The authors indicate that there is
evidence that metformin increases the osteogenic
activity of osteoblasts and decreases the number
of osteoclasts. All the studies were conducted in
the same research center. They found a signifi-
cant difference in a decrease in PD (2.12 mm)
and CAL gain (2.29 mm). While this result is of
interest, especially because of the magnitude of
the difference, the findings should be confirmed
by other investigators/centers [44] to increase
generalizability as well as confidence in the
results.

9.2.3 Regenerative Surgical
Procedures

A recent comprehensive review of regenerative
surgical procedures by Tsai et al. [45] included
60 RCTs. The meta-analysis allowed compari-
sons of several regenerative procedures including
all combinations of regenerative approaches and
gingival flap procedure alone. The regenerative
procedures included guided tissue regeneration
(GTR), enamel matrix derivative (EMD), bone
graft, and platelet-rich plasma (PRP). Differences
between the regenerative therapies were small,
with GTR resulting in the greatest PD reduction
(1.33 mm greater than a gingival flap alone) and
EMD + BG and EMD + GTR gaining the most
attachment (1.5 mm greater than a gingival flap
alone). For PD reduction and CAL gain, the gin-
gival flap procedure was the least effective [45].
The results of two other systematic reviews/
meta-analyses that focused on EMD were differ-
ent: they did not find a significant effect of EMD
when combined with a bone graft, compared to a
bone graft alone [46, 47].

Several systematic reviews/meta-analyses
examined regenerative techniques and found the
same results as Tsai et al. [31, 48-51]. The pau-
city of data, the risk of methodological and the
potential publication bias suggested caution in
interpreting these results and indicated the need
for multicenter studies for this specific applica-
tion. The authors highlighted that although publi-
cation biases could not be detected with funnel
plots analysis in their study, the small size of the
included trials may underpower such analyses.
Publication bias is also possible, particularly in
emerging fields of research.

One systematic review/meta-analysis exam-
ined RCTs that studied the use of EMD as an
adjunct to scaling and root planing. They found
that EMD did not have a significant effect [52].
Another meta-analysis examined the use of EMD
as part of a gingival flap procedure where there
were supra bony pockets. This analysis indicated
there was no significant effect of EMD in sites
without vertical defects [53]. The authors reported
that although no differences were found in tooth
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survival, EMD application resulted in clinical and
radiographic additional benefits compared to
Open Flap Debridement (OFD) alone.

Three  systematic  reviews/meta-analyses
examined the effect of the growth factors rhP-
DGF-BB (recombinant human platelet-derived
growth factor) and rhFGF-2 (recombinant human
fibroblast growth factor) in the surgical treatment
of intrabony defects. The results were in agree-
ment: the analyses found a significant increase of
20—40% more bone gain and 1 mm more linear
bone fill for rhPDGF-BB. One study found an
additional 1 mm of CAL gain. Two of the reviews
also looked at rhFGF-2 and reported similar
enhancement of bone fill and linear bone gain
[54-56].

A systematic review/meta-analysis of the
adjunctive effect of autologous platelet concen-
trates (APCs) — [platelet-rich plasma (PRP),
plasma rich in growth factors (PRGF), and
platelet-rich fibrin (PRF)] to a gingival flap pro-
cedure with or without a bone graft, gingival flap
procedure with GTR, or gingival flap procedure
with EMG [57]. They found there was very low-
quality evidence that the adjunct of APC to OFD
or OFD + bone graft when treating infrabony
defects improves PD, CAL, and radiographic
bone defect fill. For GTR or EMD, there was
insufficient evidence of a significant enhance-
ment of PD decrease or CAL gain for the addi-
tion of autologous platelet concentrates. Two
other reviews yielded similar results and conclu-
sions [58, 59]. One review found that platelet-
rich plasma had a significant effect on PD
decrease (0.55 mm), CAL gain (0.58 mm), and
linear bone gain (0.76 mm increase) [60]. A
review by Miron, et al. found a significant effect
of PRF when used in conjunction with a gingival
flap procedure. However, when combined with a
variety of regenerative procedures, there was no
additional benefit of adding PRF [61].

Several systematic reviews/meta-analyses
examined regenerative procedures in furcation
defects. The consensus among these studies was
that a significant increase in attachment gain was
found for GTR in class II furcation defects. The
amount of improvement was consistent with the
reviews of regeneration in intrabony defects. The

authors also indicated that GTR does not have a
significant positive effect on class III furcation
defects. Finally, while these procedures may be
helpful for class I defects, the authors noted that
nonregenerative therapy may also be similarly
effective [62-64].

Several reviews examined cell-based regener-
ative therapies (periodontal ligament stem cells,
pulp stem cells, periosteum derived stem cells,
gingival fibroblasts, and their associated stem
cells) and concluded that while there are promis-
ing results, the number and quality of the studies
do not allow conclusions as to efficacy [65-67].

9.2.4 Use of Lasers in Periodontal
Therapy

Lasers of varying wavelengths in devices manu-
factured by several companies have been used as
an adjunct to scaling and root planing. The laser
has been used in two ways in studies. First, the
laser can be used to debride the root surfaces and
tissues and aid in the degranulation of periodon-
titis lesions. Or, the laser can be used to serve in
an antimicrobial fashion with photosensitizers in
the presence of oxygen. When the photosensitiz-
ers are exposed to the laser energy, reactive oxy-
gen species are produced that can be bactericidal
and are described as antimicrobial photodynamic
therapy (aPDT).

A recent multicenter RCT examined the
Erbium, chromium-doped yttrium, scandium,
gallium, and garnet, the Er,Cr:YSGG laser
(Biolase™), as an adjunct to scaling and root
planing where the comparator was a minimally
invasive surgical procedure. The investigators
reported decreases in PD and CAL gain in both
study arms, but they were not different [68].
Several systematic reviews/meta-analyses exam-
ined the use of lasers in nonsurgical and surgical
protocols. They concluded that the data available
did not indicate a significant effect on the out-
come of periodontal therapy over conventional
periodontal therapy alone [69-72].

Several RCTs examined the adjunctive effect
of lasers in a photodynamic effect protocol as
compared to SRP alone or SRP with systemic
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antibiotics. Most of the meta-analyses indicated
that there was no significant benefit of this laser
therapy and did not support its use in this fashion
for periodontal therapy [73—77]. One study found
a statistically significant benefit for PD decrease
and CAL gain but indicated that the differences
were modest and may not be clinically significant
[78]. A meta-analysis by Souza et al found a sig-
nificant adjunctive effect of the laser-induced
photodynamic effect in conjunction with SRP
that resulted in clinical improvements similar to
that obtained when amoxicillin and metronida-
zole were used as an adjunct for SRP [79].

There are some important methodological
considerations while designing RCTs examining
the adjunctive effect of lasers. Significant hetero-
geneity has been noted in terms of laser type, tip
diameter, wavelength, photosensitizer, model of
periodontal treatment, number of treated sites,
etc. [75]. There is no consensus on the parame-
ters of the laser and the photosensitizers used,
and these were often inadequately reported.
There is a need for the scientific community to
establish and require minimum parameters of
information in order to replicate or compare stud-
ies with different models of lasers and different
protocols [79].

9.2.5 Root Coverage Procedures

RCTs concerned with surgical procedures for
root coverage have examined and compared a
number of different surgical procedures and
diverse materials. Surgical procedures include
the coronally advanced flap (CAF) and tunneling.
Materials utilized with these surgeries include
subepithelial connective tissue grafts (SCTG),
GTR with resorbable membranes (GTRrm), acel-
lular dermal matrix grafts (ADMG), enamel
matrix derivative (EMD), xenogenic collagen,
and root conditioning with ethylenediaminetet-
raacetic acid (EDTA).

A 2018 Cochrane systematic review paper by
Chambone et al. [80] examined 48 RCTs. Most
were found to have an uncertain risk of bias: one
had a low risk of bias, 12 had a high risk of bias,
and 35 had an unclear risk of bias. These trials

compared a CAF alone, CAF with EMD, GTRrm
and CAF, and SCTG and CAF. The results of
their meta-analysis indicated that a greater reduc-
tion in gingival recession for SCTG) + CAF com-
pared to GTRrm + CAF  (mean
difference = —0.37 mm, p = 0.002; 3 studies; 98
participants; low-quality evidence). There was
insufficient evidence of a difference in gingival
recession reduction between ADMG + CAF and
SCTG + CAF, or EMD + CAF and SCTG +
CAF. Regarding CAL changes, GTRrm + CAF
promoted additional gains compared to SCTG +
CAF (mean difference = 0.35, p = 0.02; 3 studies;
98 participants; low-quality evidence), but there
was insufficient evidence of a difference between
ADMG + CAF and SCTG + CAF or between
EMD + CAF and SCTG + CAF. Greater gains in
the keratinized tissue were found for SCTG +
CAF when compared to EMD + CAF (mean dif-
ference — 1.06 mm p < 0.00001; 2 studies; 62
participants; low-quality evidence), and SCTG +
CAF when compared to GTR rm. + CAF (mean
difference = —1.77 mm, p < 0.0001; 3 studies; 98
participants; very low-quality evidence). There
was insufficient evidence of a difference in kera-
tinized tissue gain between ADMG + CAF and
SCTG + CAF. Few data exist on aesthetic condi-
tion change related to patients’ opinions and
patients’ preferences for a specific procedure.
The authors concluded that subepithelial connec-
tive tissue grafts with CAF, CAF alone or associ-
ated with other biomaterial, and guided tissue
regeneration may be used as root coverage proce-
dures for treating localized or multiple recession-
type defects. The available evidence base
indicates that in cases where both root coverage
and gain in the width of keratinized tissue are
desired, the use of subepithelial connective tissue
grafts shows a slight improvement in outcome.
There is also some weak evidence suggesting that
acellular dermal matrix grafts appear as the soft
tissue substitute that may provide the most simi-
lar outcomes to those achieved by subepithelial
connective tissue grafts [80].

For future studies, split-mouth trials should
include patient preferences for a specific peri-
odontal plastic surgery procedure, precise and
objective aesthetic evaluations, use of the visual
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analog scale (VAS) for more precise evaluations
of patient-based outcomes, the inclusion of base-
line and final individual defect measurements
with subgroup evaluations in patients presenting
similar defects [80]. The outcome measures
should include gingival recession depth and
width, clinical attachment level, width and thick-
ness of keratinized tissue, and root surface condi-
tions (i.e., presence of caries, abrasions, or
restorations) [80]. Other considerations are to
provide relevant training and certification of the
operators in following the protocol, multicenter
studies for the inclusion and evaluation of appro-
priate sample sizes of patients, and more long-
term RCTs. Further, considering limited data
availability for lateral positioned flaps and for
free gingival grafts and platelet-rich fibrin, these
procedures should be evaluated by future
research. The authors should also make their data
available for other researchers to reuse and ana-
lyze to overcome this issue and advance medical
knowledge and developing improved treatments
as has been proposed as a policy for medical jour-
nals [81].

An earlier meta-analysis of 22 RCTs by the
same first author compared SCTG plus CAF,
Xenogenic collagen graft plus CAF, EMD plus
CAF to CAF alone and found the CAF alone was
less effective in achieving complete root cover-
age than the other procedures [82].

A systematic review by Hwang et al compared
several soft tissue coverage procedures and also
assessed the effect of CAF thickness on the out-
come. The analysis showed there was a critical
threshold of >1.1 mm for flap thickness for com-
plete root coverage (p < 0.02) [83].

Three meta-analyses compared SCTG plus
CAF to xenogenic collagen graft plus CAF. Two
found that the two procedures were not signifi-
cantly different in their ability to achieve com-
plete root coverage [84, 85] while the third found
that SCTG exhibited significantly higher mean
root coverage as compared to the xenogenic graft
(91.79% vs 80.10%) that was not significantly
different at 12 months (p = 0.06). The SCTG also
achieved significantly greater gingival thickness
when compared to the xenogenic collagen graft
(p <0.05) [86].

An RCT compared Xenogenic collagen matrix
(CM) plus CAF plus EMD, CM plus CAF, CAF
plus EMD, and CAF alone and found the obtained
root coverage was 68.04% — 24.11% for CAF,
87.20% — 15.01% for CAF plus CM; 88.77% —
20.66% for CAF plus EMD; and 91.59% -
11.08% for CAF + CM + EMD after 6 months.
Groups that received biomaterials showed greater
complete root coverage (p < 0.05). Complete root
coverage was 70.59% for CAF + EMD, which
was significantly superior to CAF alone (23.53%),
CAF + CM (52.94%), and CAF + CM + EMD
(51.47%) (p < 0.05). Keratinized tissue thickness
gain was significant only in CM-treated groups
(p <0.05) [87].

A meta-analysis by Cortellini ef al compared
an SCTG plus CAF with CAF alone and found
that both procedures were effective with similar
outcomes; however, the SCTG plus CAF combi-
nation treatment had a significantly better out-
come with respect to complete root coverage
(» =0.0016), reduction in recession (p < 0.0001),
and increase in keratinized tissue (p < 0.0001),
especially if the gingival flap was thin (<0.8 mm).
This finding was in agreement with that of an ear-
lier review by the same author [88, 89].

A meta-analysis by Carvelli et al compared
the SCTG plus CAF with EMD with the SCTG
plus CAF alone. The results indicated that the
amount of root coverage was significantly better
with the addition of EMD (mean differ-
ence = 0.3 mm, p = 0.04), although the difference
is probably not clinically meaningful [90]. This is
in agreement with the results of a meta-analysis
by Mauricio et al. [91] and an RCT by Mercado
et al [92]. Mercado et al also found a significant
increase in keratinized tissue width with the addi-
tion of EMD (p < 0.01) [92]. One multicenter
RCT found equivalence in the result with and
without EMD [93].

A systematic review and meta-analysis com-
paring a CAF with tunneling using either SCTG
or ADMG considered 20 articles and utilized six
in the meta-analysis. They found that the CAF
and tunneling were both effective when used with
either an SCTG or ADMG with comparable
mean root coverage. When comparing the CAF
plus SCTG and Tunneling plus SCTG or CAF



9 Randomized Controlled Trials in Periodontology and Implantology

183

plus ADMG and Tunneling plus ADMG, the
CAF achieved significantly better complete root
coverage (p < 0.003 for SCTG and p < 0.0007 for
ADMG). There was no difference in keratinized
tissue gain for any of the procedures [94].

Gingival margin stability after periodontal
plastic surgery for root coverage was examined in
an RCT where a manual versus an oscillating-
rotating powered toothbrush was compared.
There were no significant differences in PD or
CAL for the two groups. Complete root coverage
was significantly higher in subjects that used the
oscillating-rotating powered toothbrush at
6 months (manual, 66.67%; powered, 96.67%;
p =0.002) [95].

Finally, two other RCTs examined the use of
EDTA root conditioning and autologous platelet
concentrate as adjuncts to root coverage proce-
dures. Both were found to have no effect on the
outcome of root coverage procedures [59, 96].

9.2.6 Smoking and Periodontitis

Three systematic reviews and meta-analyses
examined smoking and periodontitis and the
effect of smoking on the success of periodontal
therapy. All agreed that the findings of studies
reviewed confirmed that smoking decreased the
PD reduction (mean of 0.2-0.39 mm less reduc-
tion) and attachment gain (0.32—0.35 mm less) as
compared to nonsmokers and former smokers,
with both nonsurgical and surgical periodontal
therapy. Smokers were also found to have an 80%
higher risk of periodontitis as compared to non-
smokers and former smokers [97-99]. Future
RCTs should include smokers and analyze them
as a distinct subgroup population.

9.2.7 Periodontitis and Preterm/
Low Birth Weight

In the systematic review and meta-analysis by
Theozor-Ejiofor et al examined RCTs assessing
the effect of periodontal therapy on preterm birth/
low birth weight (PTB/LBW). Fifteen RCTs met
the inclusion criteria and were studied. Eleven

compared periodontal treatment with no treat-
ment during pregnancy. The meta-analysis
showed no clear difference in preterm birth
<37 weeks between periodontal treatment and no
treatment (11 studies; low-quality evidence).
There is low-quality evidence that periodontal
treatment may reduce low birth weight < 2500 g
(9.70% with periodontal treatment versus 12.60%
without treatment; seven studies) [100].

A meta-analysis by Fogacci et al. similarly
found that in all meta-analyses, the effect of peri-
odontal treatment on preterm birth and LBW was
not statistically significant [101].

9.2.8 Periodontitis, Diabetes,
and Obesity

Several RCTs have examined the effect of peri-
odontal therapy on glycemic control in type 2
diabetics. The periodontal therapy was either
scaling and root planing (SRP) or SRP and sys-
temic antibiotics. The results of the systematic
reviews and meta-analyses are similar, although
the conclusions the authors have drawn are some-
what different. The meta-analysis by Baeza et al.
found that the mean decrease in HbAlc was 0.56
(p < 0.01) and for the serum level of C-reactive
protein 1.89 (p < 0.01) [102]. Simpson et al. also
found a similar result with a mean percentage
reduction in HbAlc of 0.29% at 4 months [103].
In contrast, a meta-analysis by Wang et al. found
no significant difference in the HbA 1¢ for patients
receiving no periodontal treatment, SRP, SRP
plus doxycycline, or SRP plus placebo [104]. The
meta-analysis was hampered by the small num-
ber of studies available to be analyzed and the
small number of participants. Engebretson et al.
found in a multicenter RCT that the HbAlc was
not significantly different in patients receiving
periodontal therapy versus those without peri-
odontal therapy [105]. These studies are too short
and too small to reach definitive conclusions
about the impact of various periodontal treat-
ments on diabetic health. Often, the results of the
studies are confounded because other risk factors
for diabetes are either not assessed at all or inad-
equately [90]. In a systematic review and meta-
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analysis examining the effect of obesity on the
response to periodontal therapy, 15 studies were
assessed. The results of the analysis found no dif-
ference in clinical periodontal parameters when
comparing otherwise healthy overweight/obese
patients to normal-weight patients [106]. Box 9.1
provides summary of the main findings from the
key RCTs, systematic reviews, Cochrane reviews
and meta-analyses in Periodontology.

Box 9.1 Summary of the Main Findings from
the Key RCTs, Systematic Reviews, Cochrane
Reviews, and Meta-Analyses in
Periodontology

* Scaling and Root Planing (SRP), Modified
Widman Flap (MWF) and Osseous
Surgery (OS) result in loss of attachment
in shallow pockets (1-3 mm) and all of
these result in attachment gain for deeper
pockets. While MWF results in better
pocket depth (PD) reduction than SRP and
OS in 46 mm deep pockets and OS
results in better PD reduction in >7 mm
deep pockets, SRP results in better attach-
ment gain in both these scenarios.

* Adjunctive use of local delivery antibi-
otic to scaling and root planing provide
improvement in periodontal parameters
however their clinical significance
appears to be limited.

* Adjunctive use of systemic antimicrobi-
als found small but significant differ-
ences in PD reduction and CAL (Clinical
Attachment Level) gain. There is insuf-
ficient evidence to decide whether some
antibiotics are better than others when
used with SRP. There is no evidence to
suggest that baseline detection of peri-
odontopathogenic bacteria should be
used as a criterion for prescribing
adjunctive antibiotics.

* Adjunctive use of Subantimicrobial-
Dose Doxycycline (SDD) with SRP
results in additional PD decrease
(0.442 mm for initial probing depth of
4-6 mm, and 0.452 mm for initial prob-
ing depth of >7 mm) and CAL gain.

Adjunctive use of probiotics (orally admin-
istered Lactobacillus reuteri) with SRP
provides a significant effect on PD reduc-
tion and CAL gain at 3 and 12 months but
not at 6 and 9 months.

Adjunctive use of lasers in the treatment of
periodontitis does not provide any addi-
tional benefit over conventional periodon-
tal therapy alone.

Differences between the regenerative ther-
apies for intrabony defects were small with
GTR (Guided Tissue Regeneration) result-
ing in the greatest PD reduction (1.33 mm
greater than a gingival flap alone) and
EMD (Enamel Matrix Derivative) + BG
(Bone Graft) and EMD + GTR gaining the
most attachment.

GTR also results in a significant increase in
attachment gain in class II furcation
defects. The amount of improvement was
consistent with that reported above for
intrabony defects.

Growth factors rhPDGF-BB (recombinant
human platelet derived growth factor) and
rhFGF-2 (recombinant human fibroblast
growth factor) when used in the surgical
treatment of intrabony defects result in a
significant increase of 20—40% more bone
gain and 1 mm more linear bone fill for
rhPDGF-BB while no difference in CAL.
Adjunctive use of Autologous platelet con-
centrates (APCs) - [platelet rich plasma
(PRP), plasma rich in growth factors
(PRGF), platelet rich fibrin (PRF)] to Open
Flap Debridement (OFD) or OFD + bone
graft does not provide any additional signifi-
cant benefit when treating infrabony defects.
Subepithelial connective tissue grafts
SCTG plus Coronally Advanced Flap
(CAF) had a significantly better outcome
as far as complete root coverage
(» = 0.0016), reduction in recession
(» < 0.0001), and increase in keratinized
tissue (p < 0.0001), especially if the gingi-
val flap was thin (<0.8 mm).

Adjunctive use of EMD with SCTG and
CAF resulted in significantly better root
coverage (mean difference = 0.3 mm,
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p = 0.04) and increase in keratinized tissue
width (p < 0.01).

e Adjunctive use of EDTA root conditioning
and autologous platelet concentrate with
root coverage procedure have no signifi-
cant effect on the outcome of root coverage
procedures.

e Smokers have an 80% higher risk of peri-
odontitis as compared to non-smokers and
former smokers. Smoking decreases the PD
reduction (mean of 0.2-0.39 mm less reduc-
tion) and attachment gain (0.32-0.35 mm
less) with periodontal therapy as compared
to non-smokers and former smokers.

» Periodontal therapy does not have an effect
on adverse pregnancy outcomes of preterm
birth and low birth weight however may
result in a mean decrease in HbAlc of 0.56
and in serum level of C-reactive protein of
1.89 in diabetics.

9.3 Implantology

Tooth loss from dental caries, periodontal dis-
ease, or trauma sadly occurs, and among tooth
replacement options, dental implants are key
options. In this section, we review the current
evidence from RCTs, systematic reviews, and
meta-analysis of RCTs and their quality and
identify gaps in current research as well as future
directions on Implant-site development, short vs
long dental implants, timing of implant place-
ment, guided vs nonguided implant placement,
management of peri-implant diseases and implant
maintenance. Because modern implantology is a
relatively new area of dentistry, there is much
opportunity for research.

9.3.1 Implant-site Development

Several RCTs have examined the effects of differ-
ent materials and techniques for Implant-site
development. In a systematic review of RCTs
[107], alveolar ridge preservation was shown to
prevent horizontal, vertical mid-buccal, and verti-

cal mid-lingual bone resorption compared to tooth
extraction alone. Various ridge preservation
modalities including using bovine bone particles,
bovine bone with porcine collagen, cortico-
cancellous porcine bone particles, allograft parti-
cles, alloplastic particles, autologous
blood-derived products, cell therapy, recombinant
bone morphogenic protein or socket sealing alone
have compared. While no one technique was
deemed superior, particulate xenogenic or allo-
genic materials covered with an absorbable colla-
gen membrane or rapidly absorbable collagen
sponge provided the most favorable outcome for
horizontal ridge preservation. Only 2 of 22 RCTs
included patient-related outcome measures
(PROM) and found no difference in reported dis-
comfort, perceived benefit, and quality of life
scores between the test and control groups. Future
studies should be designed to include PROM and
local, systemic, and surgical procedure-related
variables as well [107]. In addition, the US Food
and Drug Administration (FDA), which regulates
regenerative medicine products, also has a high
priority that patient-related measures are included
in studies submitted for review.

Dam et al. (2022) [108] reviewed the recent
advances in bone augmentation for dental
implants and concluded that no single biomate-
rial or clinical technique is ideal and that each
graft procedure has advantages and disadvan-
tages in each clinical application. The clinician
needs to choose the graft material with a high
success rate and less morbidity. Autogenous bone
is considered as the gold standard because of its
biocompatibility, osteoconductive, osteoinduc-
tive, and osteogenic properties. The use of differ-
ent scaffold material types, growth factors, and
stem cells shows promise in regenerative treat-
ment interventions for maxillofacial defects.
There is, however, limited evidence to support
the use of biological mediators such as growth
factors as an adjunct to regeneration of alveolar
ridge preservation and ridge augmentation proce-
dures; hence, clinicians should determine if the
additional effort and expense will significantly
enhance clinical outcomes [109]. The authors
suggest that growth factors may provide the
greatest benefit for enhanced wound healing in a
compromised patient or in sites with severe hard
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and soft tissue defects, or during retreatment.
Another narrative review [110] acknowledges the
great heterogeneity of the available studies for
the use of bioactive factors and the limited num-
ber of RCTs; hence, no robust conclusions can be
drawn. Future studies should investigate the opti-
mal carriers for bioactive agents, dosage, and
timing of administration as well as the possibility
of combining different agents to promote
synergistic.

Atieh et al. [111] in 2021 also assessed the
clinical effects of various materials and tech-
niques for alveolar ridge preservation (ARP)
after tooth extraction compared with extraction
alone or other methods of ARP, or both, in
patients requiring dental implant placement fol-
lowing healing of extraction sockets. The com-
parisons were assessed for xenograft or alloplast
vs. extraction alone; allograft or alloplast vs.
xenograft, alloplast with and without membrane,
synthetic cell-binding peptide P-15 as an adjunct
to allograft, and alloplasts with different particle
sizes. The authors found that there was very low-
certainty evidence for the reduction in loss of
alveolar ridge width and height in favor of ARP
techniques. In addition, there was a lack of evi-
dence if ARP techniques lead to any differences
in the need for additional augmentation at the
time of implant placement, implant failure, aes-
thetic outcomes, or prosthodontic outcomes due
to a lack of information or long-term data.
Evidence is also lacking for any clinically signifi-
cant difference between different grafting materi-
als and barriers used for ARP.

In their Cochrane Review, Esposito ef al con-
cluded that although various techniques can aug-
ment bone horizontally and vertically, it is unclear
which are the most efficient [112]. They reported
that short implants appear to be a better alterna-
tive to vertical bone grafting of resorbed mandi-
bles and complications, especially for vertical
augmentation. Bone substitutes (Bio-Oss or
Cerasorb) may replace autogenous bone for sinus
lift procedures of atrophic maxillary sinuses, but
more studies are needed to confirm that. They
also reported that distraction osteogenesis allows
for more vertical bone augmentation than other
techniques, which, on the other hand, can allow

for horizontal augmentation at the same time.
Titanium screws may be preferred as compared
to resorbable screws to fixate onlay bone grafts.
The authors pointed out that these conclusions
are based on a few trials including few patients,
who sometimes had short follow-ups, often with
a high risk of bias. Answers to many of these
questions require proper RCTs. The authors sug-
gested that it is difficult to provide clear indica-
tions with respect to which augmentation
procedures should be tested first. Clinical situa-
tions that would benefit from augmentation pro-
cedures need to be determined as well. Priority
should be given to those interventions that look
simpler, less invasive, involve less risk of compli-
cations, and reach their goals within the shortest
timeframe. It is also important to further evaluate
the potential ability of bone morphogenetic pro-
teins (thBMP-2) to favor bone growth in con-
junction with bone substitutes, autogenous bone,
and a combination of the two. Future research is
needed to confirm which autogenous graft donor
sites provide a sufficient amount of bone with
less risk of complications and patient discomfort.
It is also imperative to evaluate the objective aes-
thetic outcomes assessed by blind outcome asses-
sors and the patient’s own perception of
aesthetics.

In a more recent systematic review and meta-
analysis [113], horizontal bone augmentation
was seen to successfully increase bone width
prior to implant placement. Sites with initially
smaller bone dimensions presented with larger
bone width gains, demonstrating effective hori-
zontal bone augmentation [113]. In another sys-
tematic review and meta-analysis [114],
horizontal bone augmentation was also seen to be
a successful treatment modality when performed
simultaneously with dental implant placement.
The most common type of intervention was using
a xenogenic particulate graft with a resorbable
collagen membrane [114]. Vertical ridge aug-
mentation is also a feasible and effective treat-
ment modality for the reconstruction of vertical
ridge defects; however, complications with these
procedures are more common. In a systematic
review and meta-analysis [115], distraction
osteogenesis was shown to provide the most ver-
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tical bone gain; however, it also had the most
complication rate. Guided bone regeneration
(GBR) procedures and the use of bone blocks
were the other successful treatment options, with
bone blocks also presenting with significant com-
plication rates [115]; hence, no clear evidence is
present for the superiority of a particular aug-
mentation technique. The authors advise caution
while interpreting these results due to high het-
erogeneity between studies, conflicting inter-
study outcomes, uncontrolled confounders
inherent in each study design, and the multiple
sub-types of interventions. In addition, the long-
term outcome of the augmented bone and implant
outcomes in the augmented bone are unclear.

Pneumatized maxillary sinuses and resorbed
alveolar ridges present novel challenges for
implant therapy in the posterior maxilla and
require specialized maxillary sinus floor augmen-
tation (MSFA) techniques. In a systematic review
and meta-analysis [116], MSFA was shown to be
a reliable treatment modality in the long-term for
patients with partially and fully edentulous max-
illae. There were no significant differences in
implant loss between edentulous or dentate
patients, between implants placed simultane-
ously with or delayed after MSFA, and between
MSFA performed using solely autogenous bone
or with bone substitutes.

9.3.2 Shortvs. Long Dental
Implants

While there are many predictable bone augmen-
tation techniques and graft materials with high
success rates, severe ridge deficiencies require
extensive ridge augmentation, which requires
additional time and expense and results in greater
morbidity. Systematic reviews and meta-analyses
have examined the clinical outcomes of short
dental implants (<8 mm) and extra-short dental
implants (<6 mm) as an alternative to standard-
length implants (>8 mm) as a less invasive
approach.

Iezzi et al. conducted a systematic review and
meta-analysis of RCTs and found that short den-
tal implants (<7 mm) placed in native bone can

be equally effective as standard-length implants
placed in augmented bone for rehabilitation of
partially edentulous and posterior atrophic jaws
in the medium term up to 5 years [117]. There
was a trend for significantly lower marginal bone
loss and lower incidence of complications with
short implants and no difference in implant sur-
vival rates. Most of the studies were randomized.
However, the majority were judged to have a
moderate to high risk of bias, primarily due to
unclear blinding of outcome assessment (detec-
tion bias) and incomplete outcome data (attrition
bias). Another recent meta-analysis compared
clinical outcomes of extra-short (86 mm) implants
to long (¢ 8 mm) implants with or without bone
augmentation [118] and found comparable 1- and
3-year implant survival rates with a significantly
higher survival rate in the longer implant group at
5-years  post-treatment. The  significantly
improved survival rate seen in the longer implant
group was found only in implants placed in the
native bone; the rates were not different in the
reconstructed bone group. Similarly, mandibular
longer implants with vertical augmentation dis-
played slightly poorer survival than extra-short
implants at 1 year. Also, the marginal bone loss
and biological complications rate, e.g., paresthe-
sia, graft infection, graft resorption, and perfora-
tion of the sinus membrane, favored extra-short
implants while the prosthetic complications rate
was not different among the groups. Oral health
study designs frequently collect information
from multiple sites within the same subject,
hence introducing a generally positive correla-
tion among responses within subjects. This may
lead to an overestimation of the performance of
implants. Future RCTs should adjust for within-
patient correlations to help draw appropriate con-
clusions. In addition, only 20 out of 31 studies
conformed to the CONSORT statement, and only
8 out of 30 RCTs were registered in a public data-
base. Dental researchers should adhere to the
CONSORT statement and register their trials in
public databases, as has been required by many
medical journals as well, to improve the quality
of the RCTs and, consequently, improve patient
care [118].
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9.3.3 Timing of Implant Placement

Speakers at the sixth European Association for
Osseointegration (EAO) Consensus Conference
2021 [119] assessed four systematic reviews
evaluating the impact of dental implant place-
ment timing and loading, and the EAO released
consensus statements for implant timing:

e The heterogeneity and quality of the data did
not allow for drawing any conclusions on
immediate placement in conjunction with dif-
ferent timings of loading and marginal bone
changes following different timings of implant
placement/loading for implant-supported
multiple-unit fixed dental prosthesis;

e The limited amount of data on the effect of
implant surface and design on implant sur-
vival following different timings of implant
placement/loading did not allow us to draw
any robust conclusion;

e Based on the studies assessed in relation to
aesthetic outcomes (mid-facial mucosa
changes, papilla height, and aesthetic indexes),
no recommendation could be made in favor of
a specific timing for implant placement;

e There are no differences in aesthetic out-
comes between IP + IL (Immediate implant
placement with immediate provisionaliza-
tion/ loading), EP + IL (Early implant place-
ment with immediate provisionalization/
loading), and DP + DL (Late implant place-
ment with immediate provisionalization/load-
ing). There is a trend that the mid-facial
mucosa and PES (Pink Esthetic Score)
changes observed in the first 12 months of
healing are not maintained/observed in the
long term for up to 5 years;

e There is no strong evidence that the timing for
implant placement or loading of implant-
supported single crowns influences patients”
comfort or satisfaction. There is some evi-
dence that patients rehabilitated with full-arch
fixed dental prosthesis demonstrate higher
patient satisfaction with immediate than with
early or delayed loaded implant reconstruc-
tions for a period of up to 3 months, but the

difference is not frequently found 1 year after
baseline registration.

Troiano et al. (2018) [46], analyzed the cur-
rent evidence regarding differences in early and
late implant failure as well as in marginal bone
level (MBL) changes between submerged and
nonsubmerged healed dental implants. They
reported a small higher rate (2%) of early implant
failure when a nonsubmerged healing approach is
performed. The authors found that late implant
failure does not appear to be different in sub-
merged or nonsubmerged healing, but the power
of evidence, as determined by trial sequential
analysis, was not high. With regards to marginal
bone level changes at 1 year from implant load,
they found that nonsubmerged healing may better
preserve marginal bone, although with a small
effect size (0.13 mm). Thus, more studies are
needed in this area.

9.3.4 Guided vs Nonguided Implant
Placement

Implants may be placed with a flap or a flapless
approach, free-handed without the use of a surgi-
cal guide, partially-guided with the use of a non-
restrictive or restrictive surgical guide or fully
guided with the use of a static computer-aided
surgical guide or with a dynamic computer-aided
guided approach. Interactive CT studies contain-
ing anatomic and prosthetic information can be
used to plan partially- (i.e., no depth or vertical
control) and fully guided (i.e., mesio-distal and
buccolingual positions, vertical depth, and hex
timing are controlled) implant surgery [120].

A multicenter clinical trial evaluated the accu-
racy and precision of CAD/CAM (computer-
aided design/computer-assisted manufacture)
surgical guides [121]. Implants placed using
bone- and mucosa- supported guides were more
precise than guides supported by teeth or a com-
bination of teeth and mucosa; however, the dif-
ferences were not statistically significant. The
authors advised maintaining a safe distance of
2 mm between implants and anatomical struc-



9 Randomized Controlled Trials in Periodontology and Implantology

189

tures, considering the mean positional discrepan-
cies between the planned and actual implant
outcomes [121].

A recent systematic review of the RCTs [122]
found that a flapless static computer-guided
implant placement showed improved outcomes
than a flapped freehanded implant placement and a
cast-based partially guided implant placement in
terms of less depth deviation, less angular devia-
tion, less 3D bodily deviation (moderate/high cer-
tainty evidence) besides significantly reducing the
surgery time and less intra- and post-operative
morbidity (very low/low-certainty evidence). The
authors point out that the long-term efficacy out-
comes of these approaches, especially on implant
survival, success, and incidence of peri-implant
diseases, are yet to be determined [122]. A com-
bined static and dynamic computer-guided implant
surgery was shown to have better accuracy of 3D
positioning at the platform and the apex and less
angular deviation than either approach alone and
also freehand surgery for single implant placement
[123]. It must be emphasized that the flapless and
guided surgical approaches have a learning curve
and require additional preoperative and intraoper-
ative planning; hence, the clinician should become
familiar with these techniques.

9.3.5 Peri-implant Diseases
and Treatment

Despite high implant survival rates of 92.8%—
97.1% over a follow-up period of 10 years for
partially and fully edentulous patients [124, 125],
dental implants are prone to complications like
peri-implantitis [126]. Peri-implantitis can be
asymptomatic, with only signs of bleeding on
probing, attachment loss, and bone loss. It can
also have clinical signs of increasing probing
depths, suppuration, draining sinus, and peri-
implant mucosal swelling or recession. If not
detected and treated earlier, the bony destruction
could extend the whole length of the implant,
resulting in loss of implant stability [127].

Ting et al. (2018) performed a comprehensive
overview of systematic reviews and meta-analyses

pertaining to peri-implantitis in humans, including
the prevalence and incidence, the diagnostic find-
ings, microbial findings, effects of systemic dis-
eases, and treatment of peri-implantitis [ 128]. They
concluded that the occurrence of peri-implanti-
tis was higher in patients with periodontitis, in
patients who smoke, and after 5 years of implant
function. The microbial profile of peri-implantitis
was different from periodontitis. In addition to the
prevalent periodontal pathogens, peri-implantitis
sites can also have opportunistic bacteria like
Staphylococcus aureus, Staphylococcus interme-
dius, Streptococcus mitis, and Hemophilus influ-
enzae. The risk for peri-implantitis was higher in
patients with uncontrolled diabetes and cardiovas-
cular disease. Surgical treatment of peri-implantitis
can reduce probing depths, and guided bone regen-
eration can be unpredictable in peri-implantitis
treatment. Different combinations of adjunctive
treatments for surgical and nonsurgical interven-
tions can produce successful peri-implantitis treat-
ment outcomes. There was no strong evidence to
suggest the most effective treatment intervention
for peri-implantitis; however, any other single
or combined interventions were better in peri-
implantitis treatment than debridement alone.
Finally, postimplant maintenance may be crucial
in patients with a high risk of peri-implantitis. The
authors cautioned that the included studies have
various degrees of heterogeneity in study design,
case selection, and treatment. And since there is
no accepted standard protocol for treating peri-
implantitis, the majority of studies were designed
as a comparison between two completely different
types of intervention rather than between a recog-
nized control. Future RCTs are also needed using
standardized definitions for peri-implantitis for all
forms of peri-implantitis treatment interventions.

9.3.6 Implant Maintenance

Peri-implantitis occurs with a frequency from
1% to 47% at implant level [129]. To date, there
is no evidence-based guideline or protocol for
the prevention of peri-implant diseases. Monje
et al. [130] assessed the impact of peri-implant
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maintenance therapy (PIMT) on the prevention
of peri-implant diseases. The authors found that
there is a positive impact of PIMT on peri-
implant tissue health as well as implant survival
rate (ISR) and that a reasonable interval of
PIMT might be 5-6 months because of the posi-
tive significant impact on the incidence of peri-
implantitis. The authors concluded that PIMT as
supportive periodontal therapy must be custom-
ized according to patients’ risk profiling. It is
also important to assess patient-, clinical-, and
implant-related factors. As pointed out by these
authors, there are many design considerations
and limitations for studies on implant mainte-
nance. Because of ethical principles, peri-
implantitis cannot be studied by restricting the
patient from conducting oral hygiene to observe
the appearance and development of the disease.
Therefore, the existing studies may not reflect
the state of the art on PIMT. Box 9.2 provides
summary of the main findings from the key
RCTs, systematic reviews, Cochrane reviews
and meta-analyses in Implantology.

Box 9.2 Summary of the Main Findings from
the Key RCTs, Systematic Reviews, Cochrane
Reviews, and Meta-Analyses in
Implantology

* Alveolar ridge preservation may prevent
horizontal, vertical mid-buccal and ver-
tical mid-lingual bone resorption as
compared to tooth extraction alone.
Particulate xenogenic or allogenic mate-
rials covered with an absorbable colla-
gen membrane or rapidly absorbable
collagen sponge provided the most
favorable outcome for horizontal ridge
preservation.

* Horizontal bone augmentation success-
fully increases bone width when per-
formed simultaneously or prior to dental
implant placement.

e Vertical ridge augmentation is a feasible
and effective treatment modality for
reconstruction of vertical ridge defects

however complications with these pro-
cedures are more common.

Maxillary sinus floor augmentation is a
reliable treatment modality in the long-
term for patients with partially and fully
edentulous maxillae.

There is limited evidence to support the
use of biologic mediators such as growth
factors as adjunct to regeneration of
alveolar ridge preservation and ridge
augmentation procedures.

Short dental implants (<7 mm) placed in
native bone can be equally effective as
standard-length implants placed in aug-
mented bone for rehabilitation of par-
tially edentulous and posterior atrophic
jaws in the medium term up to 5 years.
Extra-short implants (6 mm) can also be
an acceptable alternative to longer
implants in the atrophic posterior arches.
There are no differences in marginal
bone level changes, implant survival,
aesthetic outcomes or patient comfort or
satisfaction with different timing of
implant placement (immediate or
delayed) or loading (immediate provi-
sionalization or loading or delayed
loading).

Flapless static computer-guided implant
placement showed improved outcomes
than a flapped free-handed implant
placement and a cast-based partially-
guided implant placement in terms of
less depth deviation, less angular devia-
tion, less 3D bodily deviation (moder-
ate/high certainty evidence) besides
significantly reducing the surgery time
and less intra- and post-operative mor-
bidity  (very low/low  certainty
evidence).

Prevalence of peri-implantitis is higher
in patients with periodontitis, in patients
who smoke, and after 5 years of implant
function. The microbial profile of peri-
implantitis is different from periodonti-
tis. The risk for peri-implantitis is higher
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in patients with uncontrolled diabetes
and cardiovascular disease.

e Surgical treatment of peri-implantitis
can reduce probing depths and guided
bone regeneration can be unpredictable
in peri-implantitis treatment. Different
combination of adjunctive treatments
for surgical and non-surgical interven-
tions can produce successful peri-
implantitis treatment outcomes.

e (OPeri-implant maintenance therapy
(PIMT) has a positive impact on peri-
implant tissue health as well as implant
survival rate.

9.4  Conclusions

A significant increase in the number of random-
ized clinical trials over the last 20 years in
Periodontology and Implantology attests to the
interest in high-level evidence for existing and
constantly evolving materials and treatment
modalities. There are numerous methodological
and quality control issues in the existing body of
work that prevent definitive conclusions. These
limitations cause many trials to be excluded from
systematic reviews and meta-analyses or convey
low certainty to the generated evidence, both of
which further reduce the value of the research to
the practice community. We have underscored
many such issues noted in various studies and
have identified areas for future research. There
are many knowledge gaps and important topics
for further investigation. Examples are:

e There is a need for greater author and journal
editor awareness of the importance of com-
plete CONSORT flow diagrams in periodon-
tology and implantology RCTs.

e Risk of bias must be minimized. The random-
ization process (sequence and allocation con-
cealment) and examiner blinding should be
described. Outcome data should be reported
completely.

e Future studies should utilize the new 2018
classification for periodontitis and peri-
implant diseases. In addition to PD and CAL
changes, studies should also consider other
indicators such as bleeding on probing, peri-
odontal Index, and gingival Index, bacterial
changes, when comparing different periodon-
tal pocket depths.

e Single and multi-rooted teeth should be mea-
sured separately because they may respond
differently to treatment due to local anatomi-
cal conditions and complex morphology in the
furcation area.

* Objective outcomes like tooth loss should be
studied as these may be less amenable to
bias.

* Economic costs and patient burden should
also be addressed for different treatment
modalities.

e Standardized dosage and duration for antibi-
otic administration, assessment of antibiotic
resistance, and consistent reporting of adverse
events should be done.

e The authors should also plan to make their
data available for other researchers to reuse
and analyze to overcome the issue of limited
data availability and to advance medical
knowledge and develop improved
treatments.

e Optimal carriers for bioactive agents, dose,
and timing of administration as well as the
possibility of combining different agents to
promote synergistic effects should be
investigated.

e Long-term outcomes of the augmented bone
and implant outcomes in the augmented bone
need to be studied.

e Future studies should be designed to include
patient-related outcome measures (PROM)
and local, systemic, and surgical procedure-
related variables as well.

The information in this chapter should aid
clinical researchers in their development of sound
clinical trials to generate more meaningful and
robust scientific data of value to clinical
practice.
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9.5 Case Scenario Exercise

9.5.1

Case Scenario (Based on
Koromantzos et al. 2011) [131]

The proposed randomized, controlled clini-
cal trial study aims to assess the effect of
nonsurgical periodontal therapy on glyce-
mic control of type 2 diabetes patients with
moderate-to-severe periodontitis.

Questions

1.

What outcome would you use to assess the
glycemic control of type 2 diabetes patients?

. Provide an example of your detailed protocol

for providing periodontal treatment for the
experimental and control group.

Answers
1. Glycemic control in type 2 diabetes patients

can be evaluated using three parameters: gly-
cosylated hemoglobin (HbA 1c), fasting blood
glucose (FBG), and postprandial glucose (P
PG). Glycosylated hemoglobin is the gold
standard for glycemic control estimation.
Thus, we will use that as the outcome. We will
use a cutoff of glycated hemoglobin (Hb1Ac)
of 7%, as defined by the American Diabetes
Association (ADA) as good diabetic control.

. All participants will receive oral hygiene instruc-

tions at baseline. The intervention group will
receive nonurgical periodontal therapy in the
form of full-mouth scaling and root planing
(SRP) in two sessions, 1 week apart, with the use
of a specific ultrasonic scaler and hand instru-
ments, under local anesthesia. Patients in the
control group will receive periodontal prophy-
laxis at baseline in the form of supragingival
removal of plaque and calculus with the same
type of ultrasonic scaler. SRP will be performed
in the control group after the completion of the
study (after the 6-month visit). Teeth with hope-
less teeth will be extracted at SRP visits. All
patients will receive oral hygiene instructions
after each visit, while the intervention group will

receive additional supportive SRP at each visit if
judged necessary (with the presence of sites with
bleeding on probing and/or increased periodon-
tal pocket depth). Periodontal treatment will be
administered by the same trained periodontist.

10. Lexchin J,
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10.1 Introduction

The randomized clinical trial (RCT) is a well-
established, powerful research tool in healthcare.
The continuous use of RCTs has improved clini-
cal practice in all fields of health over the decades,
from pioneering trials in the 1950s [1] to ongoing
efforts to mitigate the SARS-CoV-2 pandemic
[2]. In brief, the contribution of RCTs is a result
of asking straightforward clinical questions with
relatively simple designs and strong control of
confounding factors.

RCTs are particularly applicable in restorative
dentistry and prosthodontics. Dental researchers
should be aware of some peculiarities that might
impact on optimal results, however. As an exam-
ple, several well-established methodological
approaches used in RCTs refer to pharmaceutical
testing, whereas our specialty of interest is solely
operative. This may raise important challenges
regarding blinding and operator experience,
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which would be inconsequential with pharmaceu-
tical interventions. Thus, while the clinicians and
participants may not be blinded to the specific
intervention, blinding can be successfully handled
for individuals who measure and enter the data, as
well as those who carry out the statistical analy-
ses. In that way, bias can be minimized.

A simple conceptual explanation of what an
RCT can be: an (i) experimental study carried out
with (ii) human participants assigned to receive
(iii) healthcare interventions (iv) randomly.
Taken into our specialty context:

(1) In experimental studies, the participants
receive dental restorations or prostheses as
part of the study protocol or maintenance
methods for those treatment modalities.
This means that an operator or care provider
will apply those assigned interventions to
each participant, instead of observing results
of interventions applied outside a study
protocol.

Human participants refer to the need for
real human beings as research individuals,
instead of animal models, computer simula-
tions, in vitro specimens or extracted human
cells, teeth, or other organs. For example, a
trial would test different restorative materi-
als in human participants instead of extracted
human teeth.

Healthcare interventions refer to any treat-
ment or approach intended to prevent health

(i)

(iii)
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conditions or other health outcomes. More
specifically, these include interventions of
interest (experimental), active comparators/
controls (well-known healthcare interven-
tions, e.g., traditional complete dentures),
placebo/sham procedures, or no interven-
tion (the shortened dental arch could be
listed in this latter category in a study about
restoring molars with implants or removable
denture, for example). Normally, partici-
pants are allocated to different groups to
receive one of the interventions or no
intervention.

The term “randomly” implies that partici-
pants receive any of the interventions by
chance only; in other words, a sample of par-
ticipants is divided into groups that are prac-
tically similar, except for the interventions
controlled by the study. Any between-group
difference is assumed to be caused by the
tested interventions instead of unknown con-
founders, which is different from observa-
tional studies. For example, the decision
about providing conventional instead of
implant-retained prostheses to a participant
should be totally by chance, not because the
edentulous ridge has unfavorable conditions.

(iv)

10.1.1 Before Starting an RCT
of Prosthetic and Restorative
Dentistry

A protocol must be prepared and registered
before the clinical trial begins. Registering a pro-
tocol requires a protocol that includes clear infor-
mation, the number and type of potential
participants and referring professionals, as well
as avoidance of duplication of efforts by different
researcher groups. Trial registration is considered
an ethical requirement in many fields, including
prosthetic and restorative dentistry. Most dental
journals require a protocol registration number
before accepting submissions of a manuscript
reporting a clinical trial. This benefits the scien-
tific community in many ways, including the
future allocation of funds and minimization of
publication bias (i.e., when researchers choose to

publish just part of their trial results, depending
on what they find) [3].

A PubMed search using the keyword “clinical
trial registry” and filtering by RCT showed 7187
results. The articles per year were 100 articles in
2008 and 922 in 2019, showing a significant
increase in the last decade. Presently, registration
of RCTs before their initiation has become man-
datory, and the trend is particularly significant for
high-quality journals. In North America,
ClinicalTrials.gov (https://clinicaltrials.gov/), a
privately and publicly funded clinical trial data-
base, is common. In Japan and Brazil, the UMIN
Clinical Trials Registry (https://www.umin.ac.jp/
ctr/index.htm) and ReBEC (https://ensaiosclini-
cos.gov.br), respectively, are widely known
among local researchers.

Before a study begins, researchers should be
reminded that even studies with negative results
must be published in the same manner as studies
with positive results. The bias created when stud-
ies with negative results are not published is
called publication bias. When appropriate sample
sizes are used, negative results should be pub-
lished, as these are important in guiding clinical
practice. Issues with publication bias have been
widely described in the medical field and seem to
be the same in dentistry [4]. Another potential
issue is the partial publication of the outcomes
considered for a trial, i.e., published manuscripts
do not report those outcomes showing unfavor-
able results for an intervention. Trial protocol
registries require outcomes to be specified a pri-
ori, and results are promptly and properly
reported.

RCTs require rigorous planning, meticulous
management, and generous funding for success.
In a nutshell, the purpose of conducting an RCT
is to generate reliable evidence to support
evidence-based decision-making by patients and
clinicians. The type of prosthesis, techniques,
materials, and outcome variables specific to
restorative dentistry and prosthodontics should
be carefully considered when developing the
study protocol. Jokstad et al. [5] concluded two
decades ago in “The Reporting of Randomized
Controlled Trials in Prosthodontics,” that few
RCTs in prosthodontics are reported in accor-
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dance with contemporary guidelines for adequate
reporting of trials. While reports have improved
somewhat from those days, there are still issues
that are often overlooked at the planning stage of
the trial.

10.1.2 Specific Issues in Restorative
Dentistry and Prosthodontics

There are specific issues to consider when study-
ing restorative dentistry and prosthodontics;
these may be different than in pharmaceutical
studies. First, many technologies exist for a sin-
gle treatment. For example, several manufactur-
ing companies produce different impression
materials for the same purpose. Second, there are
differences among clinicians in operative tech-
niques and skills. Third, blinding of the clinician
and/or study participant may not be possible. For
studies in which it is impossible to keep the treat-
ment provider and patient blind to treatment
assignment, it is important to blind others who
deal with the data (e.g., biostatisticians).

Many prosthodontic and restorative RCTs
have been conducted. However, meta-analyses
using these reports have been shown to have a
low degree of homogeneity due to the factors
already mentioned, including differences in out-
come variables, methods, and materials. This
reduces our ability to combine the results of
many studies to produce robust evidence-based
clinical recommendations.

10.1.3 Issues of Baseline Data
and Trial Validity

A key problem in many studies is the lack of a
baseline measure that can be compared to the
outcome. If the intention of the investigators is to
demonstrate a change in one or more clinical
parameters, the baseline measures should be the
same as those used for the study outcomes, which
should be validated, appropriate, and comparable
to those used in other studies. For example, a trial
measuring the chewing ability (outcome) of
edentulous patients after receiving implants

should measure the same variable before the sur-
gery (chewing ability on baseline). Using estab-
lished measures from the literature and not
creating new, unvalidated measures is essential to
quality trials. Such practices enhance the general-
izability of the trial results and allow more pre-
cise estimates of prognosis for specific patient
groups. As an example, different implant treat-
ments may reveal different effects depending on
chewing ability at baseline (i.e., baseline chew-
ing ability acts as a moderator of treatment out-
comes). Moreover, including the same measure
at baseline and at all appropriate follow-up ses-
sions will enable the observation of changes (e.g.,
pre- and post-intervention improvement of chew-
ing performance with implants and its evolution
through the follow-up appointments). Of course,
some clinical trial designs do not use pre/post or
change measures, which are also discussed in this
chapter.

Trial results must be generalizable beyond a
given setting, patient, and care provider in order
to be useful. Moreover, the application of evi-
dence to the patient in any clinical setting can
only be assured when the dentist is confident in
the individual patient’s prognosis. Thus, an RCT
must include a thorough data collection plan at
baseline to ensure that participants and the care
they receive are comparable to true clinical situ-
ations. This includes a precise list of sociodemo-
graphic and clinical characteristics  of
participants. Age and sex/gender are intuitive
requirements in that list, given their general
influence on healthcare outcomes (please refer to
Sect. 10.4.1 for more details). Baseline data can
also lead to subgroup analyses, preferably if
decided a priori to minimize bias. There are situ-
ations when one treatment is better than another
for one subgroup of patients but not for a differ-
ent subgroup. For example, Kawai et al. divided
a sample of edentulous participants according to
their mandibular ridge heights into “high” and
“low” sub-groups at baseline, compared the
occlusal scheme of different complete dentures
and showed that lingualized occlusion was effec-
tive in improving overall satisfaction only in the
low group [6]. Studies need to be designed and
adequate samples recruited to answer the spe-
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cific questions posed. Failure to do results in
underpowered analyses. A lack of power to
detect treatment effects in subgroups is due to
lack of an adequate sample size. Differences in
treatment effects based on the sizes of outcomes
observed within the subgroups may lead to erro-
neous conclusions unless the uncertainty of the
estimates is taken into account. Ideally, an RCT
must be planned to detect differences when sub-
groups are compared, in a well-defined sample
size and analyses plan. Another point is that sub-
group analyses often are done to allow for plan-
ning better targeted future studies.

10.1.4 Dental Biomaterials

The extensive use of biomaterials in restorative
dentistry and prosthodontics raises significant
challenges for the external validity of RCTs.
Researchers must be transparent regarding
devices and biomaterials used. For example, a
trial in which dental implants are compared must
provide details on the fixtures and abutments
used, including size, shape, and composition.
Proprietary names must be provided in such a
way as to ensure that the RCT is reproducible,
including batch numbers. Sponsors must also be
mentioned to disclose potential conflicts of inter-
est (e.g., RCTs funded by manufacturers of den-
tal materials), and strategies to mitigate such
conflicts must be discussed when applicable. It is
also important to make sure that donated in-kind
materials correspond to those used in real clini-
cal practice—ideally, they should come from
same commercially available batches and used
in comparable conditions (e.g., same technique,
similar time before expiry date). An exception
for the latter aspect would reside in studies about
novel biomaterials/devices that are being tested
before commercialization. With the materials
that are in production, industrial partners may
not be willing to completely describe the materi-
als that are tested. This is problematic, because
without that information, the study can never be
replicated.

Overview of RCTs
in Restorative Dentistry
and Prosthodontics

10.2

10.2.1 Existing Evidence

10.2.1.1 Restoration and Materials
Research on composite resins is a major subject
in restorative dentistry. During the preparation of
this text, the authors identified 150 reports of
RCTs on dental composite restorations in
PubMed (last update: March 2021). These papers
were further narrowed down to 29 papers by
using the keywords “RCTs” and “differences in
materials of composite resin” or “differences in
adhesion between composite resin and dentin”
[7-35]. Composite resin restoration usually tar-
gets different cavity classifications. Among the
29 selected articles, 16 involved class II [7, 11,
13, 15, 16, 19-21, 23, 24, 27-29, 33-35], 3 class
119,17, 21-23, 25, 31, 34], and 3 cervical cavi-
ties [8, 10, 12]. Focused research questions
include comparisons of different composite
materials [9, 10, 15, 16, 20, 21, 23-25, 27-29,
31], different surface treatments, different adhe-
sives [8, 12, 14, 17, 19] and different techniques
[7,9, 11, 13, 14, 18, 22, 26, 30, 32-35].

Most of the articles examined restorations in
molars or cervical filling procedures (cavity
classes I, II, and V), but few examined anterior
teeth (classes III and IV). Frequently measured
outcomes referred to the clinical performance of
the restorations (occurrence of fractures, reten-
tion, marginal adaptation, recurrent caries, and
post-operative sensitivity), as well as patient sat-
isfaction. However, there are few studies on treat-
ment time and material costs. The toxicity of the
material itself (e.g., adverse effects on soft tis-
sues, the oral cavity, and the whole body) has not
been thoroughly investigated. The changes in
bisphenol A levels in saliva and urine after plac-
ing lingual bonded retainers were the subject of a
study in the field of Orthodontics [36].

The next common search is “various treat-
ment methods/materials”: 20 RCTs on glass
ionomer sealants [37-43] and cements [41,
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44-47]. There are also 20 articles on “caries
removal methods”: laser [48, 49], incomplete
[26, 50-53], and complete excavation before
restoration [48-65]. Many studies have com-
pared complete or incomplete caries removal
in terms of clinician-assessed success rates.
Also, pulp vitality, recurrent caries, pain and
discomfort, and the retention of restorations
have been examined. However, these studies
did not consider the baseline status (including
different cavity depths or distance to the pulp)
in relation to the observed outcomes and, thus,
the effect of baseline status on prognosis. It
would aid clinical decision-making if any indi-
cation for incomplete removal could be pre-
dicted from the baseline examination.
Furthermore, there is no gold standard that

might indicate the effectiveness of incomplete
caries removal on outcomes.

A distinctive feature in restorative research is
the use of a split-mouth design [7, 10, 16, 22, 25,
28, 30, 66, 67] that cannot be used in many other
dental procedures. In those studies, participants
receive restorations on both sides of the mouth,
with each side randomly assigned to receive one
of the trial interventions. A major advantage of
this design is that it tests different restorative
materials under the same intraoral conditions,
although there may be some drawbacks. Another
advantage includes smaller sample sizes and the
possibility of applying more than one interven-
tion at the same time. Specific comments on
split-mouth studies can be found in Sect. 10.5.1
(Table 10.1).

Table 10.1 Key randomized controlled trials in the restorative dentistry literature

Subtopic
(number of
Topic studies) Studies
Composite Materials Balkaya et al. [16], Colak et al. [20], Correia et al. [10], Efes et al. [31], Fatma
resin (13) Dilsad et al. [9], Kupietzky et al. [15], Lawson et al. [25], Rocha Gomes Torres et al.
restorations [28], van Dijken and Lindberg [24], van Dijken and Pallesen [21, 23, 27, 29]
(29) Adhesives (5) Kemaloglu et al. [8], Loguercio et al. [14], Marques et al. [17], Oz et al. [12], van
Dijken and Pallesen [19]
Cavity Class  dos Santos et al. [34], Efes et al. [31], Fatma Dilsad et al. [9], Lawson et al. [25],
1(8) Marques et al. [17], Olegario et al. [22], van Dijken and Pallesen [21, 23]
Cavity Class  Balkaya et al. [16], Coelho-de-Souza et al. [33], Colak et al. [20], dos Santos et al.
11 (16) [34], Kuijs et al. [35], Kupietzky et al. [15], Menezes-Silva et al. [13], Rocha Gomes
Torres et al. [28], Torres et al. [7], Tunac et al. [11], van Dijken and Lindberg [24],
van Dijken and Pallesen [19, 21, 23, 27, 29]
Cervical Correia et al. [10], Kemaloglu et al. [8], Oz et al. [12]
cavity (3)
Techniques Banomyong et al. [32], Coelho-de-Souza et al. [33], Dias et al. [18], dos Santos et al.
(13) [34], Fatma Dilsad et al. [9], Franzon et al. [26], Fron Chabouis et al. [30], Kuijs
et al. [35], Loguercio et al. [14], Menezes-Silva et al. [13], Olegdrio et al. [22],
Torres et al. [7], Tunac et al. [11]
Restorative Resin and Baseggio et al. [41], Chen et al. [40], Chen et al. [39], Kervanto-Seppéli et al. [42],
materials Glass Liu et al. [38], Muifioz-Sandoval et al. [37], Poulsen et al. [43]
ionomer
sealants (7)
Resin and Amaral et al. [45], Baseggio et al. [41], Donly and Segura [46], Ferreira et al. [44],
Cements (5) ten Cate and van Duinen [47]
Caries Laser (2) ([49], [48]
removal Incomplete Bressani et al. [S1], Franzon et al. [SO], Franzon et al. [26], Hevinga et al. [52], Yildiz
excavation et al. [53]
)
Complete Bjgrndal et al. [61], Bressani et al. [51], Dalpian et al. [58], Franzon et al. [SO],
excavation Hadley et al. [49], Hesse et al. [54], Hevinga et al. [52], Kirzioglu et al. [64], Lula
(17) et al. [63], Maltz et al. [56], Orhan et al. [60], Peric et al. [62], Peters et al. [65],

Shabzendedar et al. [59], Sirin Karaarslan et al. [57], Valério et al. [48], Viral et al.
[55], Yildiz et al. [53]
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Table 10.2 Key randomized controlled trials in the prosthodontic literature
Subtopic (number
Topic of studies) Studies
Complete Conventional and  Ceruti et al. [69], Cunha et al. [71], de Villa Camargos et al. 2019; Heydecke et al.
dentures  simplified [73], Kawai et al. [76], Kawai et al. [74], Kawai et al. [72], Lira-Oetiker et al. [68],
methods (10) Mengatto et al. [75], [70])
Different Hyde et al. [82], Hyde et al. [81], Jo et al. [80], Komagamine et al. [78], Miyayasu
impression etal. [79]

materials (5)
Different occlusal
scheme (4)
Different denture
cleaning (12)

Brandt et al. [83], Farias Neto et al. [84], Heydecke et al. [85], Kawai et al. [6]

Aoun et al. [94], Arruda et al. [90], de Andrade et al. [97], Duyck et al. [96], Moffa
et al. [92], Nishi et al. [95], Paranhos et al. [98], Peracini et al. [91], Ramage et al.

[89], Ribeiro et al. [88], Salles et al. [93], Valentini-Mioso et al. [87]

10.2.1.2 Prosthodontics

A total of 29 complete denture studies were identi-
fied. Among them, 10 compared conventional and
simplified fabrication methods [68—77]. This com-
parison of techniques includes different impression
materials [78-82], occlusal schemes [6, 83-85],
dietary advice after insertion [86], and denture
cleaning [87-98]. The studies in which simplified
and traditional methods were compared involved a
broad age range of participants. As no significant
difference was detected between both treatments
on various outcomes, complete dentures fabricated
by simplified methods are considered more cost-
effective. However, it is unclear whether simplified
approaches are helpful for all patients. In this
regard, it would be desirable to develop criteria to
determine which treatment method is more benefi-
cial for individual patients based on baseline indi-
cators such as radiographic examination, oral
status, and patient characteristics, as well as patient-
reported outcomes of their satisfaction and quality
of life. These outcome variables should be gathered
throughout the study. Also, the participants in the
study were patients who were physically able to
travel to the dental clinic. Future research should
focus on examining the usefulness of simplified
fabrication in patients with limited access to den-
tists, such as in nursing homes (Table 10.2).

10.2.2 Knowledge Gaps

10.2.2.1 Restoration and Materials

The research questions on lining materials [99—
106], remineralization [107, 108], and root caries
[109-113] are scarce. Among them, root surface

caries is undoubtedly an important issue in our
increasingly aging society. Silver diamine fluo-
ride (SDF) is a conventional treatment method,
but it is expected to have a preservation effect on
root caries in the elderly. Compared with com-
posite resin, SDF is assumed to have a lower cost
and shorter treatment time, but evidence on its
cost-effectiveness is needed and compared with
other restorative materials. The same could be
mentioned about whether the use of SDF can
reduce the risk of recurrent caries.

Furthermore, there are very few RCTs in
which crowns and direct restorations for end-
odontically treated teeth are compared [114,
115]. A single RCT, conducted in the 90 s, com-
pared direct and indirect veneers [116-119]—
newer materials and different patient groups
demand testing through the use of RCTs.

10.2.2.2 Prosthodontics
Clinicians want to know the prognosis of end-
odontically treated teeth. In addition, clinicians
prefer to choose the method and materials to sup-
port endodontically treated teeth according to the
condition of the teeth. However, focusing on the
causal factor of prognosis of fixed prostheses is
rare [120-123]. There is no strong evidence to
support decisions on which material should be
selected, as well as the most appropriate treat-
ment method, based on the baseline condition of
endodontically treated teeth (remaining tooth
structure, ferrule effect, root condition, etc.); at
this time, there is inadequate evidence on this
topic to support clinical decision-making.

The RCTs on partially edentate patients varied
in the research questions: modified resin denture
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[124], shortened dental arch [125-128], laser-
sintered dentures [129], preparation of rest seats
[130], and double-crown-retained removable par-
tial dentures [131]. Based on the difficulty of the
case, it is desirable to narrow down the target, for
example, the number of molar supports (Eichner
index) or Kennedy classification class 1.
Furthermore, the effect of wearing the appliance
should be evaluated through clinician- and
patient-based measures, as well as the costs
assessed.

RCTs with nutritional outcomes are few but
have been increasing in the recent decade [86,
132-138]. Prosthodontics and nutrition are
important issues. However, there is evidence that
prosthetic quality is not necessarily related to
nutritional intake. In the future, it would be desir-
able to conduct RCTs to examine the evidence of
the effect of interventions that can cause behav-
ioral changes in an individuals’ nutritional intake,
perhaps with simple advice before or after appli-
ance insertion.

Box 10.1 Summary of Important Essential
Research Areas in Restorative and Prosthetic
Dentistry

New Technologies

Restorative Dentistry

1. Development and testing are essential
for new biocompatible restorative mate-
rials without mercury or other toxic
materials in both developed and devel-
oping countries, especially for use in
low-resource settings.

2. Sealants and glass ionomers should be
tested, as well as silver diamine fluoride
(SDF), for their longevity and cost
effectiveness.

3. Development and testing are needed for
new technologies to produce less costly
restorative materials for all types of
lesions and loss of tooth structure.

4. The short- and long-term clinical per-
formance of different cavity liners and
pulp capping agents, from traditional

10.3 Funding for Your RCT

Securing research funds can be one of the most
challenging tasks in conducting any proposal
(along with participant recruitment). Resources
for trials in restorative dentistry and prosthodon-
tics can come from two sources: (1) funding
agencies and (2) industry.

10.3.1 Funding Agencies

Probably the most reputable sponsors for research
in restorative and prosthetic dentistry are govern-
ment funding agencies. Most of these agencies
support broad areas of research and accept
investigator-initiated  proposals. Government
agencies are often flexible in terms of the aims of
a proposal and milestones, but lengthy, rigorous
peer-review processes with relatively low success
rates can be daunting to investigators. Examples
of funding sources for oral health include: (i) the

calcium hydroxide-based materials to
novel alternatives, should be assessed.
5. Alternatives to traditional dental hand-
pieces and burs should be tested, as well
as chemo-mechanical agents and lasers,
as a way to promote patient comfort and
reduce aerosols. The latter aspect is criti-
cal to maintain dental care during crises
such as the current COVID-19 pandemic.

Prosthetic Dentistry

6. More evidence is needed on minimally
invasive implant technologies, includ-
ing small-sized (short and/or narrow)
implants, minimal numbers and guided

surgery.

7. The development and testing of
implant abutment connection types are
warranted.

8. Studies on implant coating materials to
reduce corrosion and biofilm accumu-
lation are essential.
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10.

11.

12.

13.

14.

. We need to better understand how dif-

ferent implant designs are or are not
associated with success/survival.
Removable denture studies should
focus on fabrication protocols and
technologies that are aimed to improve
performance (including fit) and to
reduce costs and operative complexity.
Studies are needed on any new tech-
nology already on the market with lit-
tle or no supporting evidence of
efficacy/effectiveness; this includes
digital workflows, intraoral scanning
and computer-assisted manufacturing
for fixed and removable prostheses.
Newer adhesive methods (zirconia and
other novel ceramic-based materials)
should be assessed.

We need long-term evidence on the suc-
cess and survival of zirconia, PEEK and
other materials used in dental implants.
Better maintenance methods should be
confirmed for prosthetic appliances,
including oral and denture hygiene
methods (e.g., soft tissue hygiene),
antimicrobial materials to compensate
non-ideal compliance (e.g., dependent
seniors or inpatient care receivers).

Box 10.2 Summary of Essential Research
Methodologies Lacking in Restorative and
Prosthetic Dentistry

Methodologies

. Pairing traditional data analysis (quanti-

tative) with qualitative appraisal via
mixed methods approaches may be
desirable.

Long-term studies are needed on dental
implants involving participant groups
with important systemic health condi-
tions, e.g. diabetes, osteoporosis, H&N
radiotherapy, etc.

The toxicity of composite and other
restorative materials must be estab-

lished, following up on the plethora of
in vitro and preclinical studies on this
subject.

Box 10.3 Summary of Essential Research
Outcomes Lacking in Restorative and
Prosthetic Dentistry

Outcomes

1. Patient-reported outcomes should be
applied in appropriate prosthodontic
research studies; these include patient
perceptions of and satisfaction with
treatment, oral health-related quality of
life, preferences for a particular treat-
ment (cross-over RCTSs) and esthetic
appraisal.

2. Appropriate, validated measurement
tools should be developed when
unavailable.

3. Appropriate cost analyses should be
included as an outcome in all prosth-
odontic and restorative studies.

4. The effect of medications that alter bone
metabolism on implant success, e.g.
SSRIs, beta-blockers, etc., are essential.

5. Outcomes associated with different
amounts of caries removal (e.g., incom-
plete vs complete) should be measured.

6. Clarification of the clinical relevance of
old concepts is needed; old concepts can
include the amount of ferrule for a crown,
indication for posts and core (including
recommended type), need for indirect
restorations instead of direct fillings
(e.g., cusp protection, anterior veneers),
different designs and fabrication meth-
ods for removable dentures, etc.

Note: Please keep in mind that the high-
est quality evidence is derived from meta-
analyses of numerous RCTs in a topic area.
Thus, replication studies are highly valu-
able and required for evidence-based clini-
cal recommendations.
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Canadian Institutes of Health Research (CIHR),
which has a specific committee for RCTs; (ii) the
National Institutes of Health (NIH), one of the
main funding sources for dental research world-
wide, specifically the National Institute of Dental
and Craniofacial Research (NIDCR); (iii) in
Japan, ministerial Grants-in-Aid Programs
(Japan Society for the Promotion of Science, and
Ministry of Health, Labor and Welfare); (iv) in
Brazil, federal and state research funding agen-
cies (e.g., CNPq, CAPES, and FAPESP); (v) in
Hong Kong, Health and Medical Research Fund
(HMRF, Research Fund Secretariat); (vi) in EU
(European Research Council grant), etc. The
authors strongly encourage early career research-
ers to attend seminars and other events promoted
by funding agencies and universities, which
explain how to apply for specific funding compe-
tition announcements. Those events provide
strong guidelines on how to structure ideas before
submitting a grant, thus increasing success rates.
Some agencies provide “reviewer in training’/
observer programs that can help young appli-
cants to succeed. Another advice for young clini-
cal researchers in our field is to seek mentoring
from senior researchers in allied fields, including
biostatistics, engineering, epidemiology, and
materials sciences. Besides adding an interdisci-
plinary component to grant applications, those
researchers have more exposure to the challenges
of grantsmanship than clinician-scientists.

Diverse foundations are important sources of
funding in our specialty. Many organizations
launch calls for research proposals that can be
used for RCTs in oral health. Depending on the
specific goals of the foundations, these calls tend
to be rather specific. One of the best examples in
our specialty is the International Team for
Implantology (ITI), a non-profit organization that
focuses on education and research in implant
dentistry. The ITI accepts research proposals
twice a year and can accommodate the budget of
RCTs to test dental implants and prostheses.
Professional organizations also may provide
research funding directly or by means of research
organisms such as research networks or
universities.

10.3.2 Industry

The direct applicability of research in restorative
and prosthetic dentistry opens a strong potential
for industrial funding. Most manufacturers of
dental biomaterials have an interest in carrying
out studies in collaboration with external
researchers as a way to further clarify the proper-
ties of their products as well as to gain credibility.
This includes materials used for direct restora-
tions (e.g., composites, adhesive systems), dental
implants, and prostheses. In the latter example,
both the type of biomaterial (e.g., different
ceramic materials for crowns and bridges) and
the manufacturing methods (e.g., CAD/CAM vs
conventional) may be highly relevant to
companies.

An application for industrial funds follows a
different workflow. Whereas government agen-
cies and foundations launch calls and follow
strict timelines, direct involvement with indus-
tries often demands networking and preliminary
discussions on the research question and proto-
col. Often based on an executive summary, dis-
cussion involves some meetings to define what
would be relevant for the company and the
researchers. After that, a full proposal is prepared
for further discussion. Some companies have
well-defined investigator-initiated grant pro-
grams but may still reach out for discussion of
potentially interesting proposals. Finally, any
acceptance of industry funding must undergo a
formal agreement (contract), in which the rights
and duties of each partner are well-established—
for example, research universities often have
strict guidelines to ensure impartiality in research
conduct and dissemination of the results.

10.4 Study Design
and Methodology

10.4.1 Selection of Baseline Data
Obtaining baseline information has the follow-

ing objectives: first, to ascertain the homogene-
ity of both randomly assigned groups when
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conducting RCTs in a parallel design. For this
purpose, the data to be collected are generally
on typical confounding factors, such as gender
and age. Furthermore, if the pre-procedure
examination separates the groups into sub-
groups and if the outcome is divided into suc-
cessful and unsuccessful cases between the
subgroups, then the researcher may be able to
determine effective modifiers or important
markers that predict and affect the outcome. For
example, the presence or absence of edentulous
mandibular ridge resorption is believed to be the
influencing factor in complete denture interven-
tion outcome. This factor will be assured and
proven by choosing a reasonable pretest item,
recording the participants’ ridge conditions at
baseline, and then analyzing the relationship
between the outcomes. If they are related, the
baseline examination will prove to be a useful
preoperative marker. Such validated testing
methods have been developed in recent years,
and their use may allow for more evidence-
based treatment and prognosis predictions.
However, careful selection of baseline items is
essential. Otherwise, this will lead to costly and
labor-intensive research.

Examples of useful baseline data collection
tools include the three Prosthodontic Diagnostic
Index (PDI) versions by the American College of
Prosthodontics [139-141]. Each version of the
PDI classifies the case complexity of patients and
trial participants who would receive restorative
interventions and deal with complete edentulism,
partial edentulism, and dentate individuals sepa-
rately. Partial tooth loss can be classified by func-
tional systems as the Eichner classification [142],
which categorizes cases according to the number
and distribution of antagonist occlusal units.
Different classification systems can be used for
edentulous ridges, depending on the research
question—for example, the Kapur classification
seems more interesting if the focus of an RCT is
masticatory function [143], whereas the Cawood
and Howell classification may be more relevant
to determine surgical challenges when placing
implants [144].

10.4.2 Outcomes

Since tooth loss cannot be cured, i.e., we cannot
provide people with a new natural tooth, it is a
chronic condition that requires prosthetic thera-
peutic approaches. The primary purpose of pros-
thetic devices is to restore or improve aesthetics,
function, and quality of life. It is logical, there-
fore, that the best judge of a prosthetic device is
the person who is wearing or using the device.
Thus, the choice of outcome for a prosthetic
device (removable or fixed restoration) should be
based on the perceptions of the patient. For this
purpose, patient-reported outcome measures
have been developed and validated, e.g., Oral
Health Impact Profile (OHIP) [ 145] and Geriatric/
General Oral Health Assessment Index (GOHAI)
for oral health-related quality of life/self-
perception of oral health [146], McGill Denture
Satisfaction Questionnaire (MDSQ) [147, 148]
and Patient’s Denture Assessment (PDA) [149]
for patient satisfaction. Conversely, studies that
examine materials, tissues, etc., may require out-
comes that focus on clinical or laboratory
variables.

10.4.3 Patient Recruitment Strategy
and Who Conducts
the Interventions?

Efficacy or effectiveness: The first question to con-
sider is whether the RCT is primarily concerned
with efficacy or effectiveness. In general, RCTs
often identify efficacy under strict protocols
involving specialist clinicians, frequent follow-
ups, careful patient selection, and “ideal” provi-
sion of care. In other words, RCTs aim to determine
whether, under ideal circumstances, one interven-
tion is better than another. On the other hand,
effectiveness research, which should be carried out
following RCTs, is carried out to understand
whether or not the findings from rigorous RCTs
are similar in “real world” circumstances.

It may be difficult or impossible to blind par-
ticipants to treatment allocation in many prosth-
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odontic RCTs. Thus, it is important to recruit
“unbiased” participants. For example, imagine
that you are planning to measure patient-reported
outcomes in a study in which participants will be
randomized into groups, such that one group
would receive implants and the other would not.
Ideally, one wants an “equipoise” (the under-
standing that there is no convincing evidence that
one approach is better than another) in the minds
of both the investigators and participants [150]. If
you advertise that you are seeking participants
for an implant study, then those who are already
interested in getting implants will respond; if
they are then allocated to the non-implant group,
they may decide not to participate, which would
bias the sample. On the other hand, if you adver-
tise a complete denture study, those who prefer
implants may not respond. It is important to con-
sider these issues when preparing study recruit-
ment advertisements. The authors’ research
group has advertised our implant studies seeking
people who wished to replace their conventional
dentures [151]. Thus, they were able to attract
denture-wearers who were and were not seeking
implant treatment and speak with them about the
study, as well as their concerns and preferences
regarding new prostheses and implant retention.
One cannot underestimate the difficulty in
recruiting study participants for any clinical trial.
Depending on the intervention, as well as any
benefit an individual might gain from participat-
ing, recruitment can be anything from moder-
ately difficult to impossible. Even when recruiting
for an implant study in which participants would
need to pay very low or no costs, people in the
targeted study population may be reluctant to
volunteer. As we have described in [151], we
sought an older population in which many had
concerns about surgical implant placement [152].
To retain the participants in the study, they kept in
regular contact with each person, establishing a
rapport and attaining their trust. We phoned them
following each of their appointments to ask how
they were doing, and we also reminded them of
the next appointment; each participant was sub-
sequently again phoned 1-2 days before that next
appointment. We have found that personal com-
munication has helped considerably for us to

achieve trust and confidence in our study
participants.

The experience and skills of the clinicians
conducting the interventions in both restorative
dentistry and prosthodontics also need to be con-
sidered. An efficacy study is usually conducted in
the setting of a university or clinic, as well as
using specific operators, e.g. specialists and GPs.
However, an effectiveness study would demand a
more pragmatic approach to determine the treat-
ment performance of healthcare providers in
their traditional settings. In other words, the latter
kind of trial involves a broad range of operators,
preferably with various levels of experience [153,
154]. The same could be expected from dental
laboratories providing prosthetic care in a prag-
matic trial, which would likely involve varying
levels of competence [69, 130, 155].

10.4.4 Parallel or Crossover

One of the most difficult choices to make when
planning an RCT is whether to perform it in a
parallel or as a crossover design. Both have
advantages and disadvantages, and it is some-
times difficult to decide which is most appropri-
ate for a particular study. The advantage of a
crossover design is that both interventions can be
performed with the same participants. In prosth-
odontic research, for example, each participant
would wear and rate both removable prostheses,
one after the other, in a randomized order.
Because both prostheses are rated by the same
participant, variance is reduced; with this lower
variance, the sample size needed for statistical
strength can be substantially reduced. Conversely,
the disadvantages of crossover designs are the
potential for increased participant dropouts since
they would take a longer time to complete.
Furthermore, crossover studies cannot be carried
out if the disease or condition is not stable over
time (i.e., no symptom fluctuations), and a wash-
out (for pharmaceuticals) or adaptation (for
devices) period is often required between the
interventions. Finally, the effect of the first inter-
vention can stack (or “carry over”) to the second
intervention, an issue that cannot be tackled by
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randomization. An obvious example would be
any treatment for denture stomatitis, since par-
ticipants will likely have little or no inflammation
when applying a second treatment. Therefore,
this type of design works only for those condi-
tions that are stable and chronic, such as tooth
loss, in which the treatments aim to improve
function and quality of life.

Parallel studies do not have a washout period
like crossovers, so the study period can be short-
ened, but the number of subjects may increase. In
addition, although randomized, the assurance of
homogeneity between groups may be weaker
than in a crossover design. On the other hand, it
is useful in studies of restorative dentistry and
fixed prosthodontics. Parallel-group RCTs also
provide a more pragmatic approach and thus be
more generalizable, since interventions can be
applied in a more similar way to what real
patients receive. As mentioned earlier, there are
advantages and disadvantages; thus, it is neces-
sary to decide which design to use, considering
clinical questions, interventions and costs.

10.4.5 Multi-center Study

Clinical trials conducted at multiple facilities are
called multi-center trials. This kind of trial
engages multiple institutions around the same
protocol, and these institutions recruit participants
in parallel—for example, 3 institutions recruit
around 100 participants simultaneously to reach a
sample of 300. Multi-center trials are helpful to
make participant recruitment feasible in a reason-
able timeline, which would be impossible at a
single institution. Extremely long recruitment
periods can lead to high costs and results that may
be already outdated by the time that reports are
published. Although the intuitive application of a
multi-center design is to achieve a large sample,
these may be fundamental when eligible cases are
difficult to recruit. For example, if a clinical study
requires about 40-50 cases but only two to three
participants/year can be recruited at a single insti-
tution (e.g., rare condition/disease), multi-center
studies have the advantage of producing results in
a more reasonable time period.

Another benefit of multi-center trials is their
generalizability/external validity. Recruiting par-
ticipants from different centers often leads to
conclusions that are easier to extrapolate, since
the sample is representative of a broader popula-
tion. This is particularly true when the associa-
tions observed in the trial (e.g., between-group
differences) seem to be the same for all subgroups
of participants recruited in each research center.

Although the advantages of multi-center tri-
als—larger sample and better external validity—
are appealing, there are some caveats. Even if
trial protocols are developed to ensure method-
ological consistency, multi-center studies may
encounter problems in standardizing protocol-
defined interventions. Delays in adverse event
reporting may also occur. This can be critical
when institutions unfamiliar with clinical
research collaborate. Therefore, to conduct multi-
center trials, various measures should be taken,
such as appointing a principal investigator and a
research /assistant/associate at each institution,
organizing a committee to confirm the effective-
ness and safety in handling and defining adverse
events, and how to report such events. Then, net-
working among facilities and better communica-
tion opportunities regarding essential research
procedures, such as subject selection and random
assignment methods, is necessary. When con-
ducting clinical trials in restorative dentistry and
prosthodontics, issues such as the clinicians’
individual skills with the intervention should also
be considered, and calibration among practitio-
ners is essential prior to the start of the trial.

10.4.6 Follow-up Period

Although longer follow-ups are better, the fol-
low-up period depends on the risk tradeoff
between follow-up adherence and dropouts; this
usually relates to the subjects’ age at baseline. In
a removable prosthodontic study, short-term
(2-3 months) and mid-term (66 months to
12 months) follow-ups are common and can
reveal important differences in patient-reported
outcomes. Long-term follow-up can reach
5-10 years [156-159] in implant overdenture
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studies, as needed to observe long-term success
and survival rates of implants and prostheses
[76]. Compared to conventional dentures [76],
implant-retained/supported dentures may pro-
duce a greater patient commitment to their treat-
ment (e.g., surgical procedures, treatment costs,
etc.). Because of this presumed high adherence
of patients to recall, the follow-up in RCTs may
be more successful with the implant group than
with those who receive conventional dentures
[159-164]. Restorative dentistry research tends
to have longer follow-ups than removable prosth-
odontic research. For example, research on com-
posite restorations [24] appears to continue with
annual follow-ups for 15 years following treat-
ment [21, 24, 27, 99, 165-168].

Simple interventions are also linked to better
participant adherence. Another strategy for better
adherence includes a run-in period to minimize
dropouts after randomization, which may be
interesting in efficacy studies. This approach
involves an interval between recruitment and ran-
domization during which all participants receive
the same active intervention or placebo/sham
procedure. Intensive communication and remind-
ers also improve participant attendance to follow-
ups; trialists must also be attentive to patient
concerns and adversities and do their best to
tackle them (e.g., examining and polishing resto-
rations and prostheses, a new clinical/radio-
graphic exam to reassure patients who received
implants). In summary, although a run-in period,
short follow-up periods, and simple interventions
may not always be possible, a good rapport
between the participants and the research team
will contribute to successful research results
[169].

10.4.7 Analysis and Statistics

The analysis of prosthodontic interventional
research data focuses on two areas. One is a com-
parison of between-group outcomes, and the
other is a within-group comparison of preopera-
tive status and postoperative outcomes. The for-
mer is important in terms of purely looking at the
effect of the intervention with the assumption

that the assigned groups are equivalent in most
relevant characteristics. On the other hand, we
often experience that the outcomes are affected
by individual baseline conditions, even if they are
equally assigned to individual groups. Prominent
improvements may be seen with prosthetic inter-
ventions, especially in cases of low preoperative
ratings. On the other hand, a high preoperative
patient-reported rating may result in little
improvement. Thus, exploring the effect modifier
from the baseline data and the relationship
between the outcomes may lead to a better
informed decision-making process.

10.5 Reporting
10.5.1 CONSORT

Reporting in accordance with the CONSORT
statement  (http://www.consort-statement.org/)
will not only standardize the article but also give
the authors a sense of security as they will be able
to confirm the items to be reported. The
CONSORT is based on a checklist for reporting
parallel-group RCTs [170]. The extensions are
also available for different study designs and
analysis characteristics: for cluster randomized
trials [171], N-of-1 trials [172], and within-
person randomized trials [173]. Most journals
presently require the CONSORT checklist to be
submitted by the authors, but this has not been
the case in the recent past.

Specific to operative dentistry, the split-mouth
design is applied [43, 166, 174-178]. In this
design, the checklist must follow within-person
randomized trials [173]. Identification as a
within-person randomized trial in the title is to be
noted; however, many do not include this in the
title. RCTs (1992-2012) in eight oral health spe-
cialty journals with the highest impact factors
found that only seven of 43 (16%) trials with a
split-mouth design identified the trial as split
mouth in the title [179]. Adherence to CONSORT
facilitates searches using search engines in clini-
cal and research settings and facilitates system-
atic reviews, meta-analyses, and eventual clinical
application.
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10.5.2 Patient Adherence
and Attrition

Describing any loss to follow-up at reporting is
essential. The CONSORT follow-up chart is use-
ful to assist in conveying complete information
on the trial flow. If follow-up is incomplete or
interrupted, missing data at the end of the study
could impact its internal validity, thus introduc-
ing systematic errors and resulting in misleading
research conclusions.

Missing data is often categorized into the fol-
lowing three types: missing completely at ran-
dom (MCAR), missing at random (MAR), and
missing not at random (MNAR) [180]. Although
the best medicine against lost data is to prevent it
from happening, knowing possible patterns and
their respective management strategies is critical
to the conduct and evaluation of RCTs. MCAR
relates to losses that have no relationship with
participant  characteristics ~ or  treatment
response—they are equally likely to occur with
any participant in an RCT. An example is a par-
ticipant who moves to another town before a trial
follow-up and cannot be examined or a partici-
pant whose tube with collected saliva falls and
breaks in the laboratory. As a completely random
process, this kind of missing data does not pose a
threat to trial validity; the major issue comes
from the widening of standard error measures
when comparing trial arms.

MAR refers to losses associated with known
sample characteristics. For example, participants
of a specific gender or those with worse systemic
conditions may be more prone to withdraw from
an RCT. Another example of MAR is the removal
of participants due to non-adherence or based on
their performance (e.g., those who do not follow
instructions in a trial about denture maintenance
methods). Withdrawals driven by adverse effects
would be classified as MAR if the trialists know
which adversities led to each withdrawal, such as
a p articipant with a lost implant in a trial in
which overdenture attachments are compared.
Approaches to tackle MAR data include multiple
imputations and other methods, whose aim is to
raise awareness on whether missing data may
have led to biased outcomes. For example, results
may be better for one of the trial groups if the

non-compliant or unfavorable cases are lost to
follow-up.

Finally, MNAR relates to missing data due to
unobserved aspects. For example, consider a par-
ticipant in a restorative materials trial who never
returns for follow-up. If it is not possible to verify
the reason for the loss, but the participant aban-
doned the RCT due to dissatisfaction with treat-
ment, this can pose a major threat to the validity
of the results (bias). In general, researchers
should consider missing data as MNAR if poten-
tial reasons for a dropout are unknown but could
be responses to treatment (for example, a dissat-
isfied participant) or due to any event related to
the trial protocol, including adverse effects to
interventions (e.g., irreversible pulpitis in the
same tooth that received experimental restorative
materials). When the situation is MNAR, the sit-
uation is more critical than with the MCAR and
MAR; thus, the results should be carefully inter-
preted before they are reported.

10.5.3 Data Sharing
for Meta-analysis

A systematic review is more comfortable and
more accurate when data from different institu-
tions are made available according to specific cri-
teria. For this purpose, it is desirable to share the
dataset. Even if the results of the analysis are
expressed as median depending on the status of
the individual studies (e.g., sample size or nor-
mality of the results obtained), we believe it is
essential for researchers to submit means and
standard deviations to online repositories or other
sources. Also, it is even more important to
describe details of the characteristics of prosth-
odontic and restorative dentistry, such as differ-
ences in experience between surgeons, as well as
differences in surgical techniques and materials
used. Researchers should be aware of the avail-
ability of raw data, which would allow them to
conduct research, answer different research ques-
tions and reuse them, thus reducing research
duplication and waste. At present, however, data
sharing is not a widespread practice, though the
problem is not limited to restorative dentistry and
prosthodontics. A rigorous protocol for data shar-
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ing systems may be necessary to facilitate this
point, including individual participant data. At
any rate, some funding agencies and journals
have increasingly recommended and/or even
required data sharing. Since data sharing has
been growing over the years, we recommend that
researchers prepare data files and code books,
considering the possibility of publishing them in
the future. Researchers should consult industrial
partners or intellectual property agencies in cer-
tain circumstances; however, for example, a new
dental biomaterial composition tested in a trial
may result in a patent deposit, thus limiting or
delaying the complete disclosure of obtained
data.

10.5.4 Cost Analysis

Costs are commonly assessed in health research
because, even if a treatment option is shown to be
significantly better than a standard treatment, its
uptake is likely to be limited if the costs are high.
Thus, involving an economist in an RCT team is
essential. In addition to determining the costs of a
specific treatment, it could also be important to
understand how patients and/or the public value
that treatment. Therefore, before starting the anal-
ysis, it is necessary to clarify an a priori perspec-
tive (patient, society, or funder) from which the
cost analysis is being conducted. Economic assess-
ment has been common in medical research for at
least 30 years, starting before the development of
two journals for the field, the Journal of Health
Economics and Health Economics [181]. In fact,
the International Society for Pharmacoeconomics
and Outcomes Research (ISPOR) sponsored a task
force and published the Good Research Practices
for Cost-Effectiveness Analysis Alongside Clinical
Trials in 2005, followed by an update in 2014
[182]. Petrou and Gray [183] describe the various
types of economic assessments, including cost-
effectiveness studies, that are used in randomized
clinical trials.

Studies that include cost analysis can provide
more clinically relevant results. Lewis [184]
notes that, along with proof of the clinical effec-
tiveness of prosthodontic interventions, compara-
tive economic analyses should be undertaken to

establish the relative value of each intervention in
terms of its costs and consequences. Microcosting,
a cost estimation method for all other cost items,
which involves the direct enumeration and cost-
ing out of every input consumed in the treatment
of a particular patient, is ideal for obtaining
detailed cost analysis [184, 185].

As far as the literature review, there are not
many papers that have conducted RCTs and cost
analyses. Most of them are from prosthodontic
studies that compared the cost of complete den-
tures [70, 72, 79, 186], partial dentures [128,
187], and implant overdentures [188—192]. Some
papers have been published on RCTs of restor-
ative dentistry that included a cost analysis [22,
37, 38, 193, 194]. However, few cost analyses
have been implemented in RCTs in this field.
Thus, we strongly suggest that cost data be col-
lected and analyzed along with RCTs in all future
prosthetic and restorative oral health research.

10.5.5 Mixed Methods Designs

Qualitative research has captured the interest of
quantitative dental researchers worldwide. This
type of scientific measurement approach is com-
mon in the fields of social science research,
including anthropology, sociology, psychology,
etc. [195]. Hearing directly from people about
their perceptions of their condition(s) or
treatment(s) provides a perspective and depth of
understanding that cannot be attained from care
providers  or  measurement  instruments
(questionnaires).

Mixed methods research combines quantita-
tive data, for example, from an RCT, with quali-
tative approaches in a rigorous and prescribed
manner [196]. Mixed methods results provide
data not only relative to a specific hypothesis but
also related participants’ perspectives on the
topic addressed in the quantitative part. The order
in which data are gathered and the interpretation
of the combined quantitative and qualitative
results vary depending on the purpose of the
study [197]. Unsurprisingly, mixed methods
approaches have begun to appear in the dental lit-
erature [198-203], yet more studies using this
method are needed.
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10.6 Conclusion

Randomization in controlled clinical trials is an
essential requirement in order to establish thera-
peutic directions in restorative dentistry [204].
RCTs are vital in producing evidence-based
information to aid in decision-making on appro-
priate prosthetic choices that aim to maintain and
increase an individual’s function and quality of
life. In future planning of RCTs, investigators
should take into account standardized methods
and outcomes, along with coherence to
CONSORT for proper reporting of the study
results.

10.7 Summary

Key improvements should be considered for
research questions, protocol design, study imple-
mentation, and reporting on clinical research in
restorative dentistry and prosthodontics.

— Search for and conduct research that is rele-
vant and important.

— Select baseline data to identify a priori causal
factors.

— Develop aclear policy on whether the research
should test effectiveness or efficacy.

— Decide on the inclusion/exclusion criteria of
potential study participants according to the
purpose of the study.

— Select appropriate and valid outcomes in rela-
tion to the study aims and objectives.

— Consider the appropriate study endpoints.

— Plan long-term follow-up whenever possible,
considering the resources and methods to be
used.

— Plan an economic analysis that strengthens the
potential clinical implementation of the
results.

— Report results using CONSORT criteria and
appropriate extensions.

— Analyze and categorize study dropouts and
report according to the dropout category.

— Prepare for the possibility of providing the
trial dataset for use in a meta-analysis.

10.8 Case Scenario Exercise

10.8.1 Case Scenario

Comparative evaluation of ceramic crowns
made by dental technicians using ceramic-
baked cast crowns and CAD/CAM. A ran-
domized controlled trial

— Purpose: Porcelain fused metal crown,
traditionally made, and fixed in the
aesthetic area of the anterior teeth,
have been fabricated by dental techni-
cians for many years as an established
method. On the other hand, CAD/
CAM crowns, which have been used in
recent years, are rapidly gaining popu-
larity, but their effect and cost-effec-
tiveness are unknown and will be
compared.

— Study the settings: a single center.

— Method: Thirty patients who are willing
to restore fixed prostheses on both sides
of the maxilla were randomly assigned
to either PFM or CAD for comparison.
The study design will be either cross-
over, parallel, or split mouth.
Randomization will be based on com-
puter-generated random numbers, and
concealment of the assignment will
include the use of opaque, sealed enve-
lopes. Outcomes will be assessed at
2 weeks, 3 months, and 6 months of
wearing.

— Outcomes: subjective assessment, mar-
ginal fit, as well as other validated mea-
sures. Outcomes will be analyzed in
subjects who have completed follow-up
and will not be subjected to ITT.

In conducting an RCT comparing the two
methods using PFM and CAD, based on
the points discussed in this chapter.
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Questions

1.

How should the protocol address the follow-

ing points.

(a) What baseline data is important to col-
lect?

(b) What is your strategy for recruiting par-
ticipants?

(c) What is your plan to reduce dropouts as
much as possible?

(d) What cost data is important to collect?

(e) How will you report the results accurately
and widely disseminate them?

Answers
(a) Factors that are expected to influence the out-

come of the intervention will be considered as
items to be collected at baseline. The selection
criteria will be based on previous reports and
clinical experience. In this case, it is a fac-
tor affecting fixed prostheses. Pre-treatment
status, e.g., does it have a pulp or not? If the
patient does not have pulp, the condition of the
remaining tooth substance, root length, and sta-
tus of the root canal should be covered. In addi-
tion, the occlusal state is a factor that should
not be forgotten. It is also important to evaluate
the periodontal condition. These factors will
be collected at baseline and examined for their
association with prognosis, and if significant
associations are found, they will be assessed
to determine whether they correspond to con-
founding factors for the outcome.

(b) The strategy to recruit participants for the RCT

©

comparing PFM and CAD for fixed prosthe-
ses restoration in the maxilla involves identi-
fying individuals who need and are willing to
accept such restorations. Recruitment should
target individuals open to both methods,
ensuring a diverse representation. The focus
should be on obtaining a balanced distribution
across the chosen study design (crossover,
parallel, or split mouth). Participants’ com-
mitment to completing follow-up assessments
at 2 weeks, 3 months, and 6 months is crucial
for meaningful outcomes analysis.

To minimize dropouts in the RCT: Emphasize
clear communication about the study’s impor-
tance and benefits. Provide thorough information
about the procedures and expectations, ensuring

participants understand the commitment. Imple-
ment convenient scheduling for assessments to
accommodate participants’ availability. Regu-
larly engage with participants through remind-
ers and supportive communication. Establish
a responsive and empathetic research team to
address concerns promptly. Consider offering
incentives to enhance motivation. Foster a posi-
tive participant experience to promote retention
and commitment throughout the study duration.
Assist and reach out to participants whenever
they have issues or questions regarding their
participation.

(d) Collecting relevant cost data is crucial for

a comprehensive analysis. In the context of
the RCT comparing PFM and CAD for fixed
prostheses restoration, important cost data
includes:

1. Direct Costs: Expenses related to materi-
als and procedures for both PFM and CAD
methods.

2. Labor Costs: Time and costs associated
with clinicians, dental technicians, and
other staff involved in the process.

3. Indirect Costs: Overheads and facility
costs associated with procedures, includ-
ing utilities and maintenance.

4. Participant Costs: Expenses incurred
by participants, any out-of-pocket costs
related to the prosthetic restoration.

5. Equipment Costs: Costs of acquiring,
maintaining, and operating the necessary
equipment, e.g., milling machine and cast-
ing device, of both PFM and CAD meth-
ods.

6. Follow-up Costs: Expenses associated
with follow-up assessments at 2 weeks,
3, and 6 months, including staff time and
materials. By systematically gathering
these cost data, one can conduct a thor-
ough economic evaluation of the PFM and
CAD methods, helping to inform deci-
sion-makers on the cost-effectiveness of
each approach.

(e) To ensure accurate reporting and widespread

dissemination of results:

1. Scientific Publications: Submit findings to
reputable peer-reviewed journals, follow-
ing rigorous scientific reporting standards.
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2. Conference Presentations: Share results
at relevant conferences to reach a broad
audience of researchers, clinicians, and
industry professionals.

3. Clinical Guidelines and Protocols: Con-
tribute to the development or updating of
clinical guidelines and protocols based on
the study outcomes.

4. Online Repositories: Share data and
results on publicly accessible repositories
or databases to enhance transparency and
accessibility.

5. Collaboration with Professional Orga-
nizations: Collaborate with dental and
prosthodontic professional organizations
to incorporate findings into educational
materials and guidelines.

6. Collaboration with Stakeholders: Engage
with key stakeholders, including health-
care providers, policymakers, and patient
advocacy groups, to ensure the findings
reach those who can implement or benefit
from them.

7. Professional Networks: Utilize professional
networks and collaborations to share find-
ings with relevant experts and institutions.

8. Social Media and Online Platforms: Lever-
age social media and online platforms to
share condensed versions of the results,
engaging with a wider audience. By
employing a multi-faceted approach, the
study results can be disseminated accu-
rately and effectively to diverse audiences,
contributing to the broader understanding
and application of the research findings.
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11.1  Introduction

The global population is aging. There has been a
striking increase in the average life expectancy
during the twentieth century. At the same time,
there has been a decrease in fertility rates, which
has brought about a shift in worldwide demo-
graphics. Between 2015 and 2050, the proportion
of the world’s population over 60 years of age
will nearly double from 12% to 22% [1].

As lifespan increases, chronic illnesses are
replacing acute health issues as the main health
concern for older adults. Some of the leading
causes of death among older adults are chronic
diseases like heart disease, cancer, Alzheimer’s
disease, etc. In turn, these chronic diseases can
cause long-term disabilities, including mobility
and cognitive impairments, that prevent people
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from caring for themselves. The Center for
Disease Control and Prevention (CDC) reports
that 20% of older adults have a disability [2].
Chronic diseases and disabilities are associ-
ated with an increased risk for falls, polyphar-
macy, and behavioral health issues, and they can
reduce the chances of living independently for
older adults. Another outcome of the mounting
systemic health challenges is an increased risk
for rapid oral health deterioration (ROHD)
among older adults [3]. Many aging-related con-
ditions, such as polypharmacy-induced xerosto-
mia, lack of dental pain perception, high
prevalence of caries and periodontal disease, sen-
sory deterioration, and reduced manual dexterity,
can contribute to a higher risk of ROHD among
older adults. When older adults become frail and
institutionalized, access to oral health care and
maintenance becomes even more challenging [4].
Their daily oral hygiene is generally performed
by caregivers, which is inadequate [3, 4].
Developing clinical research programs in geri-
atric dentistry requires that we understand the
needs of our aging population and provide appro-
priate evidence-based dental care for this popula-
tion. This research provides empirical evidence
for best clinical practices and informs decision-
making processes for developing appropriate
public policies. This chapter investigates the cur-
rent trends of randomized clinical trials (RCT) in
geriatric dentistry, providing a synthesis of what
has been done thus far, what gaps still exist, and
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opportunities for future research in the field. The
chapter first provides a critical analysis of gaps in
existing randomized controlled trials and then
addresses ongoing methodological issues.

11.2 Critical Analysis and Gaps
in Existing Randomized
Controlled Trials by
Outcomes

A health sciences librarian performed literature
searches in four electronic databases, namely,
MEDLINE via PubMed interface, Embase,
Cumulative Index to Nursing and Allied Health
Literature (CINAHL), and AgeLine. The searches
were performed over 4 weeks from October 17,
2019, through November 11, 2019, starting with
PubMed and progressing in order as listed. The
search terms (Box 11.1) were developed by a
dentist with 20+ years of training in geriatric den-
tistry research (LM) and the health sciences
librarian (CC), who combined the terms to create
a comprehensive search strategy. The health sci-
ences librarian then adapted the original search
strategy for the other databases listed. An English
language and human studies filter were applied to
all database searches, except for the Cochrane
Library, where those filters are not available.

The search process and selection of articles
used in this scoping review can be found in the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) diagram
(Fig. 11.1). A total of 405 citations were retrieved
from four databases: 221 in PubMed, 92 in
Embase, 69 in CINAHL, and 23 in AgeLine.
After duplicates were removed, 336 citations
remained. Initial screening based on abstract and
title alone yielded 81 citations. After full-text
reviews, 76 articles were selected and used to
create the content for this chapter. The 76 articles
included 74 RCTs and 2 proposed study proto-
cols for conducting a randomized controlled trial.
These latter two were proposed studies with
directives about how to carry out the trial without
actually performing the steps; thus, no outcomes
were reported.

The structure and syntax of the database
searches are commonly used in systematic
reviews. All the terms in the search strategy were
divided into three groups, as described in Box
11.1.

Box 11.1 Terms Used for the Database Search

Group 1: Population.

“Aged, 80 and over”’[MeSH] OR Aged
80 and over [tw] OR Oldest Old [tw] OR
Nonagenarians [tw] OR Nonagenarian [tw]
OR Octogenarians [tw] OR Octogenarian
[tw] OR Centenarians [tw] OR Centenarian
[tw] OR “Frail Elderly”’[MeSH] OR Frail
Elderly [tw] OR Frail Elders [tw] OR Frail
Elder [tw] OR Functionally-Impaired
Elderly [tw] OR Functionally Impaired
Elderly [tw] OR Frail Older Adults [tw]
OR Frail Older Adult [tw] OR community-
dwelling elders [tw] OR independently-
living older adults [tw] OR institutionalized
elders [tw] OR medically complex patients
[tw].

AND

Group 2: Geriatric Dentistry.

“Dental Care”’[MeSH] OR Dental
Care [tw] OR “Geriatric
Dentistry”’[MeSH] OR Geriatric Dentistry
[tw] OR “Oral Health”’[MeSH] OR Oral
Health [tw] OR ‘“Oral Hygiene”’[MeSH]
OR Oral Hygiene [tw] OR Dental Hygiene
[tw].

AND

RCT Filter #1.

Randomized Controlled Trial*[tw] OR
Randomised Controlled Trial*[tw] OR
RCT*[tw] OR “Randomized Controlled
Trial” [Publication Type] OR “Randomized
Controlled Trials as Topic”’[MeSH].

Based on the findings of our database search
analysis on existing RCTs in geriatric dentistry as
explained above, the RCTs (N = 76 articles) were
categorized as: (1) oral hygiene routines and/or
caregivers’ education (27 articles), (2) mechanical
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Fig. 11.1 Preferred reporting items for systematic
reviews and meta-analyses (PRISMA) flow diagram-
From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I,

or chemotherapeutic agents to prevent oral diseases
(29 articles), (3) restorative techniques and materi-
als (14 articles), and (4) miscellaneous (6 articles).
Table 11.1 provides a summary of the outcomes of

Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. BMJ 2021; 372: n71. doi: 10.1136/bmj.n71

the reviewed articles and their strength of evidence.
Table 11.2 provides examples of gaps in research
and future recommendations for research related to
RCTs in geriatric dentistry.
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Table 11.1 Summary of the outcomes of the reviewed articles and their strength of evidence

Topic with references

(1) Prevention (OH
routine and caregivers’ Strength of
education) Study outcomes evidence
Professional oral care Tooth-brushing by dentists, hygienists, and dental nurses on a Moderate
[5-10] weekly/bi-weekly basis showed improvement in oral health

outcomes like oral health indices, plaque index, nutritional status,

oral function, and incidence of influenza among older adults.
Motivation-education In community-dwelling older adults, there was increased self- Moderate
[11, 12] efficacy in-home care with improvements in periodontal parameters

such as plaque scores and gingival indices.

This study also coupled the use of chlorhexidine and fluoride

varnish; however, there was a negligible anti-caries effect of the

intervention.
Caregiver education: Setting daily oral hygiene protocols and educating caregivers in Conflicting
setting up hygiene nursing homes to deliver care had conflicting results across the 7 results
protocols studies that were evaluated.
[13-19] Two studies showed a reduction in plaque levels, and one study

reported a reduction in pneumonia among nursing home residents

who received daily oral care by a nurse.

Four studies showed no difference in oral health post-intervention.
Supervised oral health Supervised oral health care in nursing home populations showed a ~ Moderate
care [20, 21] reduction in denture plaque but not in dental plaque.
Tongue cleaning In the 2 studies where oral care was complemented with tongue Low
[22, 23] cleaning, there was improved coughing ability and a reduction in

candida scores in institutionalized older adults.
Daily oral care for There was a reduction in dental and denture plaque in the admitted  Low
hospitalized frail patients  frail older patients.
[24, 25]
(2) Mechanical or
chemotherapeutic agents
to prevent oral diseases
Fluoride Use of silver diamine fluoride (SDF) every 6 months and rinsing Moderate
[26-31] with 10 ml of 0.05% NaF twice daily (as compared to the use of

fluoride tablets, toothpaste, and slurry) were found to be effective in
caries prevention. In a nursing home-based study, lesser progression
in root caries was reported with the use of 5000 ppm fluoride
toothpaste. An OHRQoL study in community-dwelling adults
reported that patients did not perceive any difference between the
use of two fluoridated toothpaste (1450 ppm vs. 5000 ppm).

Chlorhexidine Chlorhexidine in the form of 0.2% spray (varnish) had an anti-caries Moderate

[32-37] effect, while that in the form of chewing gum and daily mouth-rinse
(concentration 0.12—0.2%) showed improvement in the plaque and
gingival indices as well as caries reduction. A study found that daily
0.05% chlorhexidine rinse application in patients with dysphagia
did not show significant improvement in the incidence of

pneumonia.
Fluoride+CHX The use of SDF, fluoride varnish, and chlorhexidine varnish was High
[31, 38] more effective in root caries prevention in institutionalized older

adults.
Electric toothbrush No difference was reported in the effectiveness of the use of an Moderate
[39-42] electric toothbrush when compared with a manual toothbrush.
(3) Restorative
(techniques and
materials)
ART ART restoration survival rates were comparable to conventional High
[43-47] restorations; it was more cost-effective; and patient perception was

good for this technique. ART, when coupled with Cariosolv gel, did
not have any better outcomes than ART alone.
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Table 11.1 (continued)

Topic with references

(1) Prevention (OH
routine and caregivers’ Strength of
education) Study outcomes evidence
(3) Restorative
(techniques and materials)
RPD vs. SDA Shortened dental arch (SDA) was found to be more cost-effective, Moderate
[48-52] and patients with SDA were perceived to have better

OHRQoL. Nutritionally, SDA and removable partial dentures had

similar outcomes.
Implants Implant-retained mandibular overdentures had better denture Moderate
[53-55] satisfaction and OHRQoL than conventional mandibular dentures

while chewing efficiency was found to be no different between the
two groups. The chewing efficiency of implant-retained mandibular
overdentures that were loaded immediately vs. conventionally was
found to be similar.

(4) Miscellaneous

Reflexes and aspiration Daily oral care improves cough reflex sensitivity. Resistance Low
pneumonia training of swallowing muscles did not improve dysphagia. Daily
[56-58] oral care and upright feeding posture did not significantly reduce the

incidence of aspiration pneumonia.

Table 11.2 Examples of knowledge gaps in RCTs in geriatric dentistry

Topic Knowledge gaps
(1) Prevention (OH Clinical outcome measures for professional oral care in patients with dementia
routine and Clinical effectiveness of professional oral health care in reducing the risk of influenza and

caregivers’ education) aspiration pneumonia
Standardization and effectiveness of oral hygiene protocols for geriatric patients by dental
disease risk
Clinical effectiveness and cost-effectiveness of caregivers vs. dental professionals who
provided oral hygiene for nursing home residents
Effective protocols for oral cancer prevention

(2) Mechanical or Effectiveness of SDF to prevent and arrest root caries when not used in conjunction with
chemotherapeutic oral hygiene instruction/education

agents to prevent oral Effectiveness of SDF on coronal caries and long-term effects in the elderly with varying
diseases levels of dependency

Long-term effectiveness of high-fluoride toothpaste in preventing root caries

Protocol for chlorhexidine-thymol varnish to decrease the incidence of root caries
Comparative effectiveness of different fluoride modalities to decrease the incidence and
progression of coronal and root caries

Comparative effectiveness of a manual vs. electric toothbrush

Effect of oral disease preventive modalities on OHQoL

(3) Restorative Long-term survival rates of ART vs. conventional restorations

(techniques and Functional outcomes for patients with treated and untreated shortened dental arches

materials) Effectiveness of different treatment regimens for peri-implantitis

(4) Miscellaneous Clinical effectiveness of professional oral health care in reducing the risk of aspiration
pneumonia

Effect of improved oral health on OHQoL

Comparative effectiveness of nickel-titanium (NiTi) rotary files compared to stainless-steel
(SST) hand files in geriatric patients

Effect of novel painless single tooth anesthesia (STA) vs. conventional anesthesia on elderly
patients’ clinical outcomes

Effect of improved social determinants of health on oral health and quality of life

Effect of the use of teledentistry and/or allied health professions on dental access for
geriatric patients



230

J. Desai et al.

The next section of this chapter discusses the
details of the articles centered around the four
main categories.

11.2.1 Oral Hygiene Routines and/or
Caregivers’ Education: 27
Articles

This category consists of articles about preven-
tive measures for improving oral hygiene among
older adults. The interventions range from edu-
cating older adults, providing professional oral
care, or introducing oral hygiene protocols for
them to follow, and they were applied to both
community-dwelling older adults and residents
in long-term care facilities. For community-
dwelling older adults, preventive measures
included outcomes of weekly oral care delivered
at a daycare facility by dental hygienists [5], cus-
tomized oral hygiene instructions for patients
visiting a community-based health center [59],
and oral hygiene education and preventive proto-
cols for evaluating caries prevention and peri-
odontal outcomes in older adult patients [11, 12].
For those in long-term care facilities, preventive
measures included educating support staff, intro-
ducing oral hygiene protocols, and evaluating
outcomes for these interventions.

The majority of the randomized controlled tri-
als included only patients in long-term care facil-
ities. About 20 articles were identified, and the
research topics for these articles were then
divided into sub-categories. The first sub-
category concerned the delivery of professional
oral care (5 studies). Two of these five studies
examined the effects of weekly tooth brushing by
dental hygienists/nurses on the oral health of
institutionalized older adults [6, 7]. Two Danish
studies determined whether professional oral
care, nutritional supplements, and exercise
resulted in improved social and functional abili-
ties among nursing home residents [8, 9]. The
fifth study, conducted in Japan, identified nutri-
tional outcomes associated with professional oral
care delivered by a dentist to nursing home resi-
dents three times a week [10].

The second sub-category includes studies
about implementing oral care protocols in long-

term care facilities, educating caregivers in those
facilities, and measuring outcomes for these
interventions based on plaque scores, risk of
pneumonia, etc. (7 studies) [13—19].

Supervised versus non-supervised mouth care
was a third sub-category, but only two of the
three studies in this sub-category included inter-
ventions [20, 21, 60].

The final sub-category includes studies with
interventions such as using occupational therapy
to improve oral hygiene, using functional therapy
with oral care to improve nutritional status, and
using strategies to provide oral hygiene to patients
with dementia; this category also includes studies
evaluating outcomes of tongue cleaning to
improve oral hygiene among institutionalized
older adults [22, 23, 61-63].

Of these studies, two focused on oral hygiene
as an important parameter for recovery after sur-
gery and pneumonia for frail, hospitalized older
adults [24, 64], and another study discussed
improving dental and denture hygiene among
older adults under long-term hospital care by
educating their caregivers [25].

There is low to moderate evidence about the
effectiveness of oral hygiene routines and/or
caregivers’ education, as described below:

1. Tooth-brushing by dentists, hygienists, and
dental nurses on a weekly/bi-weekly basis
showed improvement in oral health outcomes
like oral health indices, plaque index, nutri-
tional status, oral function, and the incidence
of influenza among older adults.

2. In community-dwelling older adults, there
was increased self-efficacy in-home care with
improvements in periodontal parameters such
as plaque scores and gingival indices. This
study also coupled the use of chlorhexidine
and fluoride varnish; however, there was a
negligible  anti-caries effect of the
intervention.

3. Setting daily oral hygiene protocols and edu-
cating caregivers in nursing homes to deliver
care had conflicting results across the seven
studies evaluated. Two studies showed a
reduction in plaque levels, and another study
reported a reduction in pneumonia among
nursing home residents who received daily
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oral care by a nurse. Four studies showed no
difference in oral health post-intervention.
Supervised oral health care in nursing home
populations showed a reduction in denture
plaque but not in dental plaque.

4. In the two studies where oral care was com-
plemented with tongue cleaning, there was
improved coughing ability and a reduction in
candida scores measuring institutionalized
older adults’ tongue coating. There was a
reduction in dental and denture plaque for
frail older adults admitted to the hospital.

There were gaps in research particularly
related to (1) clinical outcome measures for pro-
fessional oral care in patients with dementia; (2)
clinical effectiveness of professional oral health
care in reducing the risk of influenza and aspira-
tion pneumonia; (3) standardization and effec-
tiveness of oral hygiene protocols for geriatric
patients by dental disease risk; (4) clinical effec-
tiveness and cost-effectiveness of caregiver vs.
dental professional provided oral hygiene for
nursing home residents; and (5) oral cancer pre-
vention in geriatric patients.

11.2.2 Mechanical or
Chemotherapeutic Agents
to Prevent Oral Diseases: 29
Articles

Preventive studies in this category evaluate the
use of different mechanical or chemotherapeutic
agents to prevent oral diseases. The research top-
ics were further subdivided according to the pur-
pose of the chemotherapeutic or mechanical
agents used to bring about preventive outcomes
in the geriatric population.

For the studies examining chemotherapeutic
agents or materials, 16 used various materials in
a nursing home setting to lower plaque and
microbial counts. Some preventive materials
used in these 16 studies included lactoferrin and
lactoperoxidase-containing foods; gel and
mouth-rinse; moisturizing gel and mouthwash
[65-67]; chlorhexidine (CHX)/xylitol chewing
gum [32, 68], CHX spray [33], CHX swabs
[34], probiotic lozenges [69], stannous fluoride-

based toothpaste [26], and alcohol-free mouth
rinses; and gels [35, 70-73]. A hospital ward-
based study explored the use of CHX mouth
rinse among older patients [36], and a
community-based study investigated the effect
of inorganic pyrophosphate as a treatment for
older adults with periodontitis [74]. These stud-
ies used various materials to prevent root caries
in community-dwelling residents, including
CHX/Xylitol chewing gum [75], silver diamine
fluoride (SDF) [27], and higher-concentration
fluoride toothpastes [28]. Five studies conducted
in nursing home settings explored oral health
outcomes resulting from the use of fluoride var-
nish, CHX wvarnish, silver diamine fluoride
(SDF), and higher concentration fluoride tooth-
paste [29-31, 37, 38]. A recent case-based series
that enrolled independent community-dwelling
adults also showed arrested root lesions and
crown margins with repeated application of
38% SDF at 6-month intervals [76]. Another
study discussed the effects of alcohol-containing
mouth rinse on xerostomia in community-based
older adults [77].

The remaining studies used mechanical agents
or instruments to deliver preventive care, includ-
ing four studies that examined outcomes associ-
ated with using electric toothbrushes, three of
which were for nursing home residents [39-41],
and another that determined the effectiveness of
implant-supported mandibular overdentures [42].
There is moderate to high evidence for the effec-
tiveness of different chemotherapeutic or
mechanical agents in preventing oral diseases, as
described below:

1. Chlorhexidine, in the form of a 0.2% spray
had an anti-caries effect as chewing gum, and
as a daily mouth-rinse (concentration 0.12-
0.2%), plaque and gingival indices improved
and caries incidence was reduced. A study
with a daily 0.05% chlorhexidine rinse appli-
cation in patients with dysphagia did not show
significant improvement in the incidence of
pneumonia.

2. Use of SDF every 6 months and rinse with
10 ml of 0.05% NaF twice daily were more
effective at caries prevention than was the use
of a fluoride tablet, toothpaste, and slurry.
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3. In a nursing home-based study, the use of
5000 ppm fluoride toothpaste slowed root car-
ies progression.

4. An OHRQoL study reported that community-
dwelling patients did not perceive any differ-
ence between the use of two fluoridated
toothpaste (1450 ppm vs. 5000 ppm).

5. The use of SDF, fluoride varnish, and
chlorhexidine varnish was more effective in
root caries prevention in institutionalized
older adults when compared to routine oral
hygiene practices.

6. The use of an electric toothbrush was no more
effective than a manual toothbrush in improv-
ing oral hygiene status.

The gaps in this research topic on prevention
could be identified as (1) the effectiveness of
SDF to prevent and arrest root caries when used
independently of oral hygiene instruction/educa-
tion; (2) effectiveness of SDF on coronal caries
and long-term effects among older adults with
varying levels of dependency; (3) long-term
effectiveness of high-fluoride toothpaste in pre-
venting root caries; (4) protocols for the use of
chlorhexidine-thymol varnish to decrease the
incidence of root caries; (5) comparative effec-
tiveness of different fluoride modalities to
decrease the incidence and progression of coro-
nal and root caries; (6) comparative effectiveness
of a manual versus an electric toothbrush; and (7)
effect of oral disease preventive modalities on
OHQoL.

11.2.3 Restorative (Techniques
and Materials): 14 Articles

This category included studies dealing with
restorative and rehabilitative measures.

In the restorative sub-category, all studies
involved the use of ART (atraumatic restorative
treatment). Two studies examined the survival
rates of restorations placed using the ART tech-
nique on community-dwelling older adults and
institutionalized adults [43, 44], while one study
used ART with Cariosolv to treat root caries in
institutionalized older adults, measuring survival

rate outcomes [45]. One study focused on patient
perceptions of minimally invasive dentistry
among community-dwelling older adults [46],
while another investigated the cost-effectiveness
of ART restorations for older adults treated at a
day hospital and a dental school [47].

In the rehabilitative sub-category, the studies
discussed tooth/teeth replacement strategies
using removable prostheses. Two studies investi-
gated masticatory efficiency and patient-
perceived oral health-related quality of life
(OHRQoL) with implant-retained mandibular
overdentures [53, 54] Passia et al. (2017) com-
pared the loading protocol of implants and the
chewing efficiency of mandibular implant over-
dentures [55]. In a series of five articles, McKenna
et al. explored cost-effectiveness, OHRQoL., and
nutritional status in partially edentulous older
adults using either removable partial dentures or
maintaining a shortened dental arch (SDA) [48—
52]. A study to understand the effect of a domi-
ciliary denture service on oral health-related
quality of life showed improvement in the study
group when they received home visits from a
denture team for denture adjustments [78]. There
is moderate to high evidence for the effectiveness
of different restorative and rehabilitative mea-
sures, as described below:

1. ART restoration survival rates were compara-
ble to conventional restorations, but it was
more cost-effective, and patient’s perceptions
of the technique were favorable. ART when
coupled with Cariosolv gel, did not have any
better outcomes than ART alone.

2. A shortened dental arch (SDA) was found to
be more cost-effective, and patients with an
SDA saw their OHRQoL in more favorable
terms. Nutritionally, SDA and removable par-
tial dentures had similar outcomes.

3. An implant-retained mandibular overdenture
resulted in better denture satisfaction and
OHRQoL than conventional mandibular den-
tures while chewing efficiency was no differ-
ent between the two groups. The chewing
efficiency of implant-retained mandibular
overdentures, which were loaded immediately
rather than conventionally, had similar results.
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4. Domiciliary denture service improved the oral
health-related quality of life in older adults.
The gaps in this research area could be
identified as 1) long-term survival rates of
ART versus conventional restorations; 2)
functional outcomes for patients with treated
and untreated SDA; and 3) effectiveness of
different treatment regimens for
peri-implantitis.

11.2.4 Miscellaneous: (6 Articles)

This category includes studies in which the sub-
ject of the research does not conform to the other
categories. Two studies discuss interventions like
daily oral care to improve cough reflex sensitivity
and oral care with an upright feeding posture to
reduce the incidence of pneumonia [56, 57].
Wakabayashi et al. (2018) discussed resistance
training of the oral musculature and dysphagia
[58]. Two investigations explored patient percep-
tions—of sleep quality in edentulous patients [79]
and of having oral exams as part of their general
health checkups at medical centers [80].
Weijenberg et al. (2013) put forward a study pro-
tocol aimed at evaluating masticatory efficiency
and OHRQoL in older adults with dementia [81].

The findings related to these studies provide
low evidence as follows: (1) Daily oral care
improved cough reflex sensitivity; (2) Resistance
training of swallowing muscles did not improve
dysphagia; (3) Daily oral care and upright feed-
ing posture did not significantly reduce the inci-
dence of aspiration pneumonia.

The research gap in this area was related to (1)
the clinical effectiveness of professional oral
health care in reducing the risk of aspiration
pneumonia and (2) the effect of oral health on
quality of life.

In addition to the gaps reported above,
research is lacking in many other areas of oral
care for older adults, such as endodontics, oral
surgery, esthetic dentistry, orthodontics, teleden-
tistry, and dental quality measures. Some exam-
ples are (1) the comparative effectiveness of
nickel-titanium (NiTi) rotary files compared to
stainless-steel (SST) hand files for older patients;

(2) the effect of novel painless single-tooth anes-
thesia (STA) versus conventional anesthesia on
clinical outcomes for older patients; and (3) the
effect of the use of teledentistry and/or allied
health professions on dental access for older
patients. Geriatric dental care and research also
need to encompass medical as well as social
health modifiers to improve the overall health
and quality of life of the elderly.

Any randomized controlled trial needs a rig-
orous, valid methodology. The following sec-
tion provides a comprehensive sketch of the
methodology protocols that have been followed
by the studies mentioned previously. Apart
from the trends that have been followed so far,
some troubleshooting recommendations have
also been included to encourage new
researchers.

11.3 Critical Analysis of Existing
Randomized Controlled
Trials by Methodological
Issues and Risk of Bias,
with Future
Recommendations

11.3.1 Study Setting

For the RCTs identified, the greatest number was
conducted in Japan (15), followed by the UK (7),
Ireland (7), the United States (6), and Canada (5).
Approximately 62% of the studies were con-
ducted in nursing homes or long-term care (LTC)
facilities, and 33% were carried out among
community-dwelling older adults. The remaining
5% of the studies were conducted in hospital set-
tings or medical wards.

Any change in sensory, cognitive, or muscu-
loskeletal status can render independent,
community-living older adults frail. This drastic
turn of events can render them incapacitated to
participate and/or comply with the guidelines of
a research study; thus, ease of access to care is
vitally important. Thus, for example, during the
planning process for the trial, community-based
transportation to and from the dental center
must be part of the study protocol to maximize
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patient attendance. Nursing home-based studies
have the advantage of having a large target pop-
ulation available at a single site, but such studies
have a range of issues, including concerns about
a lack of autonomy and using third parties to
help conduct the study. As such, there are no
ideal settings when it comes to conducting geri-
atric research, but a deeper understanding of the
community and increased social support for
older adults can improve the feasibility of
studies.

11.3.2 Study Duration

Study duration ranged from 5 days in a hospital-
based study to a 5-year study based in a nursing
home. Sixteen RCTs were for 1 year, and another
six were for more than 1 year. The remaining
studies lasted less than 1 year.

The cost and attrition of research subjects
from the sample population pose challenges for
conducting longitudinal studies with older adults.
Since the attrition rates are higher in geriatric
research than in the general population, conduct-
ing long-term studies in this field is significantly
more challenging. This fact is likely one of the
primary reasons for the limited study duration of
most of the studies.

11.3.3 Study Funding

Forty-nine studies of the 76 reviewed articles
were partly or completely funded. The majority
of the funding was from public research funds,
i.e., universities, local governing bodies, and fed-
eral funding sources. Around 12 studies had den-
tal products or experimental products donated by
the manufacturing companies.

The study conducted by Kraft et al. (2015) not
only had the experimental product but also a grant
funded by a probiotic manufacturing company
[69]. Two other studies (Morita et al. 2017; Nakano
et al. 2017) had a potential conflict of interest as
the majority of the authors were employees of the
milk industry, which sponsored the experimental
product as well as the study [65, 66].

Funding consortiums that involve a combina-
tion of public agencies, non-profit foundations,
and corporations can help dental geriatric
research, improve collaboration with other fields
such as geriatric medicine, nursing, etc., and
broaden the scope of available funds for further-
ing dental research in older adults.

11.3.4 Recruitment of the Sample
Population

For 74 of the articles, sample sizes ranged from
13 individuals in 1987 to a minimum of 13 indi-
viduals across 74 articles. In the remaining two
studies, the number of restorations was reported
rather than the number of patients. Twelve stud-
ies reported challenges in recruiting study par-
ticipants. Some of the challenges mentioned
included patients not being able to include per-
sons with cognitive impairments [7], facilities
refusing to participate, facilities having too few
residents for the study [12, 19], and communica-
tion or language barriers [22]. Additionally, for
many microbiological studies, frequent use of
antibiotics and anti-fungal materials among older
adults resulted in the exclusion of multiple par-
ticipants from studies [7, 34, 69]. Kraft et al.
(2015) indicated that severe chronic diseases,
malignancies, and/or terminal diseases reduced
the pool of participants to recruit from and
reduced subject retention [69]. They also showed
that a significant number of older adults were
reluctant to enroll in research studies. Muller
et al. (2013) also indicated that patients were
reluctant to participate in their free-implant study
because of fears pertaining to surgical interven-
tions [54]. Chalhoub (2016) likewise indicated
that recruitment was challenging because the
study relied on medical staff to determine whether
patients met the inclusion criteria of the study,
which involved identifying the medical outcomes
of dental interventions [72].

A consistent theme among the studies was that
recruiting older adults, whether in the community
or nursing homes, poses a significant challenge
for conducting research investigations. As a
result, a pilot study should be conducted before



11 Randomized Controlled Trials in Geriatric Dentistry

235

the full scale of operations is conducted. This
pilot study would be able to identify challenges
for subject recruitment given the particular char-
acteristics of the study. Most often, the challenges
will include miscommunication due to sensory
challenges, the use of technical terms in study
brochures, or misconceptions about research,
which can lead to a lack of participation by older
adults in a study. However, providing adequate
time for understanding the study and sending out
simple but effective information to family or
caregivers can help potential participants under-
stand the aim and values of the study and, as a
result, improve recruitment rates. Additionally,
many older adults mistrust researchers or are
unaware of studies going on in their communi-
ties. A good way to improve recruitment and
raise awareness among community-based older
adults is to maintain a good relationship with
community advisory boards and establish their
trust. These members can act as gatekeepers to
their community and help research studies by
hosting introductory meetings, educating their
community members, and/or reassuring seniors
[82].

11.3.5 Retention of the Sample
Population

Of the 76 studies, 32 reported challenges in
retaining study participants. These challenges
included morbidity issues [17, 22, 64], residents
leaving facility [22, 37], hospitalization [58, 72],
and subjects being unwilling to continue with a
long-term study [11, 37]. Some less common rea-
sons for dropping out of the study include an
unexpected adverse reaction (burning sensation
in the mouth) [72], a participant taking a holiday
[33], or loss of support from nursing staff and
directors of residential homes [68].

Some issues, such as hospitalizations and
deaths, cannot be addressed, but additional sup-
port and training for care staff in nursing homes
can address some retention challenges. For
example, recruiting research assistants (RAs)
who can oversee the logistics of the study can
reduce the workload for caregivers or nursing

staff. This, in turn, can improve recruitment,
retention, and adherence from them as well as
from the participants. Hiring RAs will need to be
included in the budgeting of the study at the start
of the study.

Attrition rates are significantly greater for
research with older adults than for the general
population. These challenges need to be
addressed at the start of the study when the sam-
ple size is being determined. Oversampling needs
to be done so that the eventual attrition of the
sample size can be absorbed without losing the
power of the study.

11.3.6 Protocol Adherence

Of the 76 studies, 18 reported challenges associ-
ated with subjects failing to adhere to the research
protocols. In some studies, participants refused
oral care, were not able to follow instructions
(e.g., forgot to use complete dentures for the pre-
scribed hours), had mood changes that made it
difficult for them to follow directions or were
unavailable for examinations [22, 72]. Some
caregivers also had difficulty adhering to the
research protocols as a result of too much work-
load, the use of a new and unfamiliar electronic
system for resident files, budget cuts, renovations
and structural changes at nursing homes, and
changes in the health system [35]. Additional
adherence issues resulted from gaps in the
instructions passed down to nursing staff and
poor attitudes among caregivers. Kraft (2015)
indicated that some patients refused to participate
in the study, and adherence issues arose mostly
during examinations and sampling of participants
during their study [69]. Low adherence to exer-
cise/training by patients was reported by
Wakabayashi (2018) in his study [58]. Failure to
prioritize the research, lack of caregiver time and
support, cognitive challenges, and resistance to
oral care were some reasons noted in the study
[14].

Additionally, MacEntree (2007) reported that
caregivers had poor attendance for educational
seminars, and a labor dispute before the start of
the study likely caused some adherence issues by
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diminishing staff and participant interest [17].
Fjeld (2018) reported that very few individuals
received dental hygiene assistance but did not
specify the reason [39, 40]. Lavigne et al. (2018)
indicated that one potential explanation for poor
adherence to protocols was the inability of the
caregivers to deliver oral care to the residents of
the nursing home [41]. Adherence issues among
nursing home patients were principally due to
resident or staff factors. Typically, when nursing
home residents did not understand the personal
benefit of the study or if they perceived the inter-
vention as an invasion of privacy, adherence
issues were often seen [83]. Additionally, nursing
home staff, including caregivers, may have felt
threatened that researchers could observe their
routine care or add more work for them, e.g.,
record documentation, both of which lead to poor
adherence. Some strategies recommended by
Mody et al. (2008) to address these staff-related
issues include meeting face-to-face with admin-
istrators and the Director of Nursing with infor-
mative brochures highlighting the study benefits
and protocol and discussing financial costs and
staff time to establish a positive working relation-
ship between researchers and the nursing home
[82]. Reimbursement for staff time and recogni-
tion of their efforts can also be attractive for care-
givers. Also, periodic meetings with updates
about the research project can improve nursing
staff morale [82].

11.3.7 Consent Challenges

Three studies reported that securing informed con-
sent was challenging. The challenges included
time delays resulting from consulting with family
members [72] and being unable to collect written
consent from relatives [69]. According to Marchini
et al. (2018), getting in touch with the guardians of
nursing home residents for consent was difficult
and often unsuccessful, and many guardians did
not understand that enrolling their loved ones
would be beneficial for the resident [19].
According to Mody et al. (2008), family or
guardians of older adults often mistrust research
personnel and feel as if they ‘exploit’ vulnerable
populations [82]. Sometimes the nursing home

staff voice their distrust and can discourage resi-
dents/guardians from enrolling in research proj-
ects. Clearly indicating the reasons for
participating in the study to facility staff and fam-
ily members with, for example, an eye-catching
informative brochure with a simplified research
protocol, the aims and benefits of the proposed
study, a consent form, and some published
research can increase their awareness of and con-
sent to a research study [82]. If the facility is
invested in the project, it can facilitate participa-
tion and help obtain consent for the study.

11.3.8 Cluster Randomization

Fourteen studies used cluster randomization in
their methodology. Of these, 12 were based in
nursing homes. One study based in a community
setting had gender-based sample units, and one
other hospital-based study had ward-based
sample units. Cluster randomization is advanta-
geous due to ease of administration, organiza-
tion, and minimizing costs. With nursing home or
community-based studies, there is less risk of
contamination and possibly more adherence.
However, one of the pitfalls of cluster randomiza-
tion is that more individuals will need to be
recruited for sound statistical analysis, and this is
a serious drawback given that recruitment is chal-
lenging and drop-out rates are high in geriatric
research. Insufficient randomization units may
yield studies that do not have optimal power or
inconclusive results.

Since cluster sampling includes individual
institutions as a unit, more institutions—such as
nursing homes, geriatric care facilities, and day-
care homes—should be recruited at the start of
the study. This ensures that the randomization
units are sufficient even if facilities drop out dur-
ing the study. To maximize participation in a
nursing home, it is important to involve the
administrators and staff in the study. Any finan-
cial costs or staff time commitments for the insti-
tution should be discussed beforehand, and
reimbursement, if provided, needs to be clearly
communicated. As above, a simple and informa-
tive brochure with study protocols that empha-
size how study results enhance the care of older
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adults increases recruitment at nursing homes.
Regular communication, feedback, and apprecia-
tion of the efforts of staff can help in retention
and adherence within the facility.

11.3.9 Adherence to the Risk of Bias
(ROB) Criteria

Bias refers to all those factors that systematically
affect the observations and processes of a study
and lead to erroneous or unjustified conclusions.
Studies affected by bias can be inaccurate or
under- or overestimate the outcome of interven-
tions, which can, in turn, produce incorrect
guidelines. Although it can be difficult to estab-
lish the precise extent to which bias affects a
study, it is clear that certain flaws in the design,
execution, and analysis of a randomized con-
trolled trial can lead to bias. Thus, evaluating the
methodology for the risk of bias results in more
robust studies that are more likely to give valid
and justifiable results. It is important to assess the
risk of bias for each of the studies in this review,
regardless of the results or validity of the studies
[84]. The 76 articles (74 studies and 2 proposed
study protocols) were subjected to the rigor of
criteria for judging the risk of bias (ROB) adapted
from the Cochrane Handbook of Systematic
Reviews of Interventions [85-87]. The types of
bias evaluated were (1) random sequence genera-
tion (selection bias); (2) allocation concealment
(selection bias); (3) blinding of participants, per-
sonnel, and care providers (performance bias);
(4) blinding of outcome assessor (detection bias);
(5) incomplete outcome data (attrition bias); (6)
selective reporting (reporting bias); and (7) other

bias (bias not addressed elsewhere). Based on our
assessment, the majority of the studies (>50%)
had a low bias in random sequence, allocation
concealment, blinding of the outcome assessor,
incomplete outcome data, selective reporting,
and other biases. Thirty-seven studies had a high
risk of bias in the blinding of participants, per-
sonnel, or care providers. During cluster random-
ization, certain nursing homes indicated that they
knew they were included in the intervention
groups. Furthermore, for certain interventions in
nursing homes, such as the use of electric versus
manual toothbrushes and professional oral care
versus routine care by caregivers, it is clear that
both patients and caregivers were aware of the
group to which they belonged. In many studies, it
was noted that the intervention group included
the application of preventive agents, and the con-
trol group consisted of routine care with no pla-
cebo agent application. Such a protocol would
indicate to both patients and caregivers whether
they belonged to the experimental group or not.

To overcome these limiting factors, future stud-
ies should plan procedures meticulously to reduce
the risk of bias by blinding the participants and
caregivers. For example, including a placebo when
interventions include a preventive agent, having a
protocol in place for the control group, staggering
the intervention if participants share common
premises/rooms/bathrooms, etc. can reduce the
risk of bias. Furthermore, when research is being
introduced to administrators of nursing homes, the
need for randomization for research needs to be
explained, and their acceptance of randomization
should be included in the contract.

Table 11.3 provides a summary of the risk of
bias in the reviewed articles.

Table 11.3 Risk of bias in the reviewed article recommendations

Blinding of
Random participants and
sequence Allocation personnel/care
generation concealment providers
(selection bias) (selection bias) (performance bias)
High bias High bias High
N=4 N=13 N=37
Low bias Low Low
N=46 N=42 N=26
Unclear Unclear Unclear
N=24 N=21 N=13

Blinding of the Selective

outcome Incomplete reporting RoB-
assessor outcome data  (reporting Other
(detection bias) (attrition bias) bias) bias
High High High High
N=8 N=38 N=6 N=2
Low Low Low Low
N=54 N=063 N =66 N=62
Unclear Unclear Unclear Unclear
N=14 N=5 N=4 N=12
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11.4 Summary

As older adults retain more of their natural denti-
tion and medical histories become more com-
plex, the focus of geriatric dental research needs
to expand to meet the oral health needs of this
growing population of patients while addressing
their medical and social complexities, aesthetic
and functional demands, and quality of life.
Overall, there is a need for high-quality RCTs
particularly related to effective interventions for
prevention and restoration of root caries; clinical
and cost-effective alternative workforce mod-
els—such as caregivers providing oral hygiene in
nursing homes; survival analysis of different
restorative materials and techniques, including
minimally invasive dentistry; replacement of
missing dentition; and evaluations of improved
oral health on systemic health and quality of life.
Research is lacking in many other areas of oral
care for older adults, such as endodontics, oral
surgery, esthetic dentistry, orthodontics, teleden-
tistry, and dental quality measures. There is also
a significant workforce-related challenge in geri-
atric dentistry. Geriatric dentistry is not a recog-
nized dental specialty in most countries and relies
on pre-doctoral training and a few advanced edu-
cation programs in the specialty. There is a short-
age of oral health professionals with advanced
training in geriatric dentistry who can provide
clinical care and perform needed research in this
field. More evidence-based clinical guidelines
are needed to ensure that older adults receive the
oral health care they need, and this is only possi-
ble if robust research is conducted.

11.5 Case Scenario Exercise

11.5.1 Case Scenario

The proposed study aimed to assess the
clinical and microbiological effective-
ness of a customized oral hygiene proto-
col. A convenience sample of 8 nursing
facilities (NFs) was recruited, and each
NF was assigned to one of three inter-

vention groups: (1) control (current oral
hygiene practice), (2) educational pro-
gram only, and (3) educational program
plus 1% chlorhexidine varnish monthly
application. Demographic information,
systemic health data, patient-centered
data, oral health data, and microbiology
samples will be collected at baseline and
after 6 months.

Recruitment response rates were 21% for
NFs and 23% for residents. A total of 81
residents were examined at baseline,
and of those, 49 were examined at
6 months (39.5% attrition). Recruitment
and retention posed a significant chal-
lenge to this trial, even with a relatively
short observation period.

Questions

1. When planning a cluster-randomized clinical
trial (the nursing home is the cluster unit), you
find yourself with a reduced sample size after
the initial recruitment. Although you were
able to recruit a sufficient number of nursing
homes, you were not able to recruit enough
residents, as their significant others were not
willing to give you the power of attorney for
their loved ones to participate in the study.
What could be the strategies to increase the
sample size in this case?

2. What is a realistic attrition rate for a nursing
home clinical trial lasting 1 year? How can
you reduce your attrition rate and/or reduce
the effect of your attrition rate on your final
sample size?

Answers

1. Key approaches include early in-depth plan-
ning; minimizing exclusion criteria; securing
cooperation from all interested parties; employ-
ing a full-time research coordinator, preferably
with dental knowledge; using advisory boards,
timely screening, identification, and approach
of eligible patients; and carefully and thor-
oughly reviewing the benefits and risks with the
participants and their family members/friends
who have the power of attorney [19, 82].
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2.

A realistic attrition rate for a nursing home
clinical trial lasting 1 year is 30-40%
depending on the nature of the trial. One of
the strategies to reduce the attrition rate is to
request that the nursing facility provide writ-

ten informed consent for the entire study and
study period. To reduce the effect of attri-
tion, consider the attrition rate in your sam-
ple size calculations during study planning
[19].

Appendix. Criteria for Judging the Risk of Bias in the Reviewed Articles

Recommendations
Blinding of

Random participants and
sequence Allocation personnel/care
generation concealment providers
(selection bias) (selection bias) (performance bias)
High bias High bias High

N=4 N=13 N=37

Low bias Low Low

N =46 N=42 N=26

Unclear Unclear Unclear

N=24 N=21 N=13
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12.1 Defining Behavioral

Interventions

Oral health depends on initiating and sustaining
behaviors that directly promote positive oral
health outcomes, including the prevention of dis-
ease [1]. Whether the focus is establishing or
improving oral hygiene practices, reducing intake
of a cariogenic diet, or utilizing professional den-
tal healthcare, what we are trying to achieve can
be described as changing the behavior of indi-
viduals [1, 2]. Empowering people to adopt
healthy behaviors should be a part of the treat-
ment plan for all dental diseases. Whatever its
specific form, this empowerment reflects behav-
ioral strategy, and just as any other new treatment
should be carefully tested before being recom-
mended for use, behavioral strategies also need to
be proven. Clinicians have long relied on RCTs
as the gold standard for proof of the effectiveness
of treatments, and it is increasingly understood
that this must also be the case for behavioral
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strategies—whether those strategies are used in
support of clinical treatment or as primary pre-
vention efforts themselves [3].

As we have suggested, behavioral oral health
interventions are tested as either: (1) direct, or
“standalone,” interventions expected to directly
impact oral health outcomes; or (2) “supportive”
interventions designed to ensure the use of, or
maximize the oral health outcomes of, clinical
interventions. Direct behavioral interventions are
intended to reduce dental caries, periodontal dis-
ease, or other oral diseases by working with or
influencing the behaviors in which individuals
engage, including brushing, flossing, and other
self-care behaviors. Supportive behavioral inter-
ventions may include approaches similar to those
of direct interventions but are intended to ensure
the use of clinical strategies, or are viewed as
supplemental strategies. The clinical approaches
employed may include drugs or devices, such as
fluoride varnish or chlorhexidine mouthwash, or
participation in sealant programs, with the ulti-
mate result of a combined behavioral/clinical
effect on oral health outcomes. Both direct and
supportive behavioral interventions impact oral
health through mechanisms of action that may
include skills training, strategies aimed at
improving knowledge or changing beliefs and
attitudes, or motivational strategies focused on
practical aspects of changing behavior patterns.
In well-designed clinical trials, the specific
mechanisms employed are determined by the
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theoretical model of behavior change chosen to
address the needs of a specific population group.

As our review reflects, most studies have
looked at behavioral interventions as supportive
rather than direct approaches to influencing oral
health outcomes. Moreover, the distinction
between a direct and a supportive behavioral
strategy is rarely made clear in RCTs.

There are at least two important reasons for
this: first, most trials are designed in such a way
that the entire program—including both behav-
ioral and clinical components—is considered to
be the intervention, making it impossible to
determine the effects that can be attributed to the
behavioral component of the intervention, the
clinical component, or to the combination.
However, in many RCTs, changes in knowledge,
beliefs or attitudes, and even behaviors are mea-
sured and used, along with clinical status, and are
often considered to be secondary outcomes. The
appropriateness of this approach, of course,
depends on the theoretical model driving the
study design. Second, behavioral interventions
have also been used to test strategies for reducing
fear and anxiety in patients utilizing dental care.
Interestingly in these cases, we are more likely to
see direct use of behavioral strategies—presum-
ably because the outcome is usually behavior,
also (e.g., experience and actions related to fear
or anxiety), rather than clinical status. RCT for-
mats have been used only rarely to test these
interventions, however; so fear/anxiety studies
are not the focus of this review [4].

In this chapter, we will review behavioral
RCTs that were both direct behavioral interven-
tions and supportive behavioral interventions that
maximize the prevention—or limit the increase—
of dental diseases. However, to provide an over-
arching view of the behavioral strategies studied,
we will group these studies according to theoreti-
cal or conceptual approaches used, rather than
the more narrowly descriptive labels of direct or
supportive interventions. In all cases, we will
report these theories and approaches, as well as
the trial designs used and the reported changes in
oral health outcomes. We also will review what
these behavioral interventions have contributed
to the literature and the gaps in the literature that

need to be filled. Finally, we will discuss the
logistics of implementation of behavioral RCTs,
and real-world challenges and solutions.

12.2 Review of Behavioral RCTs

Over the past 10 years, RCTs focused on behav-
ioral interventions have been used to improve
oral health outcomes, including avoiding or lim-
iting dental caries in children, improving peri-
odontal health outcomes, and increasing access
to dental care. Most RCT behavioral studies base
their interventions on a theoretical model or
behavior change theory or approach—
Motivational Interviewing (MI), the Theory of
Planned Behavior (TPB), salutogenic theory or
Sense of Coherence (SOC), Social Competence,
Self-Determination Theory (SDT), Social
Cognitive Theory (SCT), or others [2]. These
theories help define expectations for how the
interventions work and establish the tools for
measuring behavioral outcomes, usually in addi-
tion to the clinical outcomes that are measured by
dental screenings or examinations. Several
researchers have pointed out that using psycho-
logical/behavioral strategies will increase the
efficacy of interventions and potentially motivate
patients to use their knowledge to change exist-
ing oral health behaviors or to establish new
behaviors [5]. The following sections describe
theoretical approaches to influencing behaviors
that have been used in recent RCTs, as well as
examples of studies.

12.2.1 Motivational Interviewing

At a personally meaningful level, patients need
understanding about the etiology and prevention
of oral disease—preferably provided by health-
care professionals. Although common, highly
directive approaches, where health professionals
instruct patients to follow recommended oral
health behaviors, may not be the best approach to
instilling these behaviors [6]. Interventions that
support patients in minimizing risk behaviors, or
promoting protective behaviors through educa-
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tion or coaching generally are more helpful.
MI—first used in the treatment of addiction—has
been used to elicit behavior change for oral health
and has been readily accepted in some communi-
ties [6]. MI employs a coaching strategy that
provides supportive guidance for choosing
behavioral goals and strategies, rather than direct-
ing those choices. The approach is designed to be
respectful and non-confrontational toward par-
ticipants and to help individuals resolve discrep-
ancies between their values and their behaviors
[7]. An early study of MI with mothers of infants
6—18 months old found that the caries increment
was significantly lower for those who partici-
pated in the MI program, although it has been dif-
ficult to replicate this result in clinical trials or
over longer periods of time [6].

Although not originally based on a specific
theory of behavior change, the extensive use of
MI has given rise to a theoretical rationale based
on its relational and technical components [7]. In
practice, MI shares some assumptions with social
determination and social cognitive theories, as
well as others. It has been recommended for use
in clinical settings for a number of years. The first
controlled studies showed mixed results, and the
approach continues to be challenging because it
is time-consuming and requires training, as well
as continued monitoring to avoid drift or loss of
fidelity in implementation and measurement.
Moreover, the approach needs to be adapted to
meet the specific needs of various group charac-
teristics, including careful attention to cultural
practices and concerns. Indeed, MI is being used
as an approach to prevent dental diseases through-
out the world and has generated perhaps the larg-
est number of behavioral RCTs in recent years.
The studies described here demonstrate increas-
ing sophistication in the application of the theory
behind MI, and its popularity based on success in
other fields has warranted the more rigorous test
that RCTs can provide.

Two RCTs that used the MI approach were
recently and concurrently completed [8, 9]. The
studies included large samples and used compa-
rable MI interventions and questionnaires to
assess oral health knowledge and behavior. The
clinical examiners collecting the primary out-

come data for each study used the same inclusion
criteria, methods, and calibration procedures.
Both trials were well controlled with high fidelity
and good participant retention, and both used
community-based participatory research method-
ology to generate the study design and imple-
mentation process:

Direct Intervention in Indian Country. This
RCT was conducted in an American Indian (AI)
population living on a Northern Plains Indian
Reservation [10] to determine whether using MI
with Al in new mothers will result in more lim-
ited caries experience in children younger than
3 years old. This study focused on a direct behav-
ioral intervention, in that no additional clinical
approaches were used, and the focus was on sup-
porting individual parents in implementing rec-
ommended home oral healthcare for their infant
children. A total of 600 mothers were enrolled in
this RCT, with the control group for this interven-
tion defined in terms of enhanced community
services. These included providing oral health
supplies for the child and immediate family
members, informational handouts with culturally
specific artwork and designs, public service
announcements in the local newspaper and the
tribal radio, and billboards placed in strategic
locations on the reservation focusing on key
Early Childhood Caries (ECC) risk factors. The
MI intervention consisted of four visits, the first
shortly after childbirth, and the next three at 6,
12, and 18 months of age. MI was delivered by
tribal laypersons who received intensive MI
training, as well as instruction in oral health and
hygiene. At each of the four MI visits, each Al
mother selected two topics to address from a list
of eight options. Stratified blocked randomiza-
tion was developed using a random number gen-
erator. Randomly selected block sizes of 2 and 4
were used, and blocked randomization of ran-
domly selected sizes was used to prevent field
staff from knowing during recruitment what
treatment assignment the next participant would
receive. The intervention providers and partici-
pants could not be masked in this study; however,
the licensed dental professionals who performed
the annual oral health screenings were blinded to
group assignment. Data analysis was based on
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intention-to-treat (ITT). There were no statisti-
cally significant differences in changes in
decayed, missing, filled surfaces (DMFS) over
time or in time-averaged DMFS levels between
the two groups. Oral health knowledge in pri-
mary caregivers was significantly higher in the
MI group at 12 months and 24 months, but the
groups no longer significantly differed at
36 months.

Supportive Intervention in a Boston Housing
Project. The second trial was a cluster RCT to
test the effect of MI on caries increments for chil-
dren living in public housing in the greater
Boston area [9]. This study comprised a support-
ive MI intervention; additional clinical
approaches in the form of fluoride varnish appli-
cation for the children were also provided. The
main goal of this study—with 1065 mother-child
dyads enrolled—was to limit new dental caries in
participating children. The unit of randomization
was the public housing development (PHD). The
statistician stratified the 26 PHDs based on size
and racial/ethnic composition. Within the six
strata, housing sites were block randomized to
the intervention groups via a computerized ran-
dom number generator. The participants, inter-
ventionists, and field staff collecting questionnaire
data could not be blinded, but the dental profes-
sionals conducting the clinical exam were blinded
to group assignment. The control group (686 par-
ticipants) received a dental exam measured by
DMFs, fluoride varnish, toothbrush, toothpaste,
and a handout on caries prevention. Although the
behavioral strategy was the same as in the Al
study described above, this RCT also included a
clinical intervention in the form of fluoride var-
nish applications applied four times a year. The
intervention group (379 participants) received
everything that the control received, plus quar-
terly MI counseling; nine MI counseling sessions
were given to participants in their homes over the
2-year study period. The MI intervention was
delivered by trained laypersons to the primary
caregivers. Participating primary caregivers were
presented with a menu of ECC prevention strate-
gies and asked to choose a topic. The primary
outcome measure was an increment in DMFs
over 2 years. Data analysis was based on the ITT

principle. No significant difference was seen in
caries increments between the control and inter-
vention groups, but a statistically significant
group X time interaction effect (primary test of
intervention effects) was seen in the oral health
knowledge of primary caregivers.

Direct MI Intervention in Hong Kong. A
single-blinded RCT was conducted to evaluate
the direct effectiveness of three intervention
schemes—prevailing health education (PE), MI,
and MI + RA (risk assessment)—to enhance ado-
lescents’ oral health self-efficacy, change their
oral health behaviors, and prevent dental caries
[11]. An RA using a Cariogram is valid among
adolescents; the Cariogram displays participants’
caries risk via a pie diagram where risk is quanti-
fied into various aspects, including diet and oral
hygiene. The RA facilitates MI in several ways,
including helping participants with  self-
reflection, finding direction, and exploring pos-
sible health gains resulting from behavior
changes. To facilitate the dental counseling pro-
cess, an interactive dental caries RA program was
used. Fifteen schools were recruited from three
main districts in Hong Kong; schools in each dis-
trict were randomly assigned to the three inter-
vention groups: 1-PE, 2-MI, and 3-MI + RA. A
total of 512 participants were enrolled in the
study; at baseline, Group 1 (n = 161) participants
received a 30-minute oral health talk by a dental
hygienist and three pamphlets, namely “Cleaning
teeth properly—you can do it,” “How to use den-
tal floss” and “Healthy diet, healthy teeth.” Group
2 (n = 163) participants joined a 15- to 30-minute
one-on-one, face-to-face MI session. Standard
MI approaches were followed, including the four
spirits (evocation, compassion, acceptance, and
collaboration), four processes (engaging, focus-
ing, eliciting, and planning), and four skills (open
questions, affirmation, reflection, and summary)
[6]. Group 3 (n = 188) participants received MI
sessions with the inclusion of an interactive RA
program at different stages of MI, as appropriate
to facilitate the counseling process. Five tele-
phone calls were made in both the MI groups at
2 weeks, 1 month, 2 months, 4 months, and
6 months after initial counseling to facilitate the
start of behavior change, maintain it, and avoid
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the relapse. Participants were followed at 6 and
12 months. A questionnaire was completed by
the participants at baseline, and after 6 and
12 months, to gather information on their
demographic and socioeconomic background,
oral health self-efficacy, and oral health behav-
iors. Oral hygiene and tooth status were evalu-
ated. At the 6- and 12-month points, both the MI
groups showed more favorable self-efficacy and
behaviors compared to the PE group (p < 0.001).
Also at the 6- and 12-month points, the plaque
score reduction was greater in the MI + RA group
compared to the two other groups. The caries
increment was lower in the MI + RA group at
12 months, compared to the PE group. Both the
MI group and the MI + RA group were more
likely to increase their tooth brushing frequency
after 12 months. MI was more effective than PE
in eliciting positive changes in adolescent oral
health behaviors.

Supporting MI Intervention for Australian
Aboriginals. A large-scale RCT focused on MI
was conducted to test its supportive effectiveness
in reducing ECC in Aboriginal Australian com-
munities [12]. This study used a supportive
behavioral intervention with a clinical compo-
nent, with the primary outcome of reduction in
dental caries. This single-blind, parallel-arm trial
tested an intervention that included MI delivered
in conjunction with anticipatory guidance for 448
new mothers. The intervention also included the
provision of dental care to mothers during preg-
nancy and the application of fluoride varnish to
children at ages 6, 12, and 18 months. The ran-
domization was accomplished via a computer-
ized random number generator, and random
block sizes of 4, 6, and 8. MI intervention was
provided by a trained layperson with mothers
during pregnancy, and when children were ages
6, 12, and 18 months. The primary outcome mea-
sure was an increment in decayed teeth (DT)
measured at 24 months. Data analysis was based
on the ITT principle. The mean number of DT at
age 2 was significantly lower in the intervention
group than in the control group.

Supporting MI Intervention in the United
Kingdom. A large-scale, two-arm multicenter
RCT with blinded outcome assessment was con-

ducted in the UK to determine the efficacy of a
dental nurse-delivered MI intervention—the
Dental RECUR Brief Negotiated Interview for
Oral Health (DR-BNI) to reduce the recurrence
of dental caries in children with a primary tooth
extraction [13]. The DR-BNI “talking interven-
tion” was a 30-minute therapeutic conversation
informed by MI with a focus on dental caries pre-
vention. A clinical health psychologist developed
the intervention based on the MI approach.
Participants in the study comprised 241 children
(5-7 years old) who were scheduled to have one
primary tooth extraction. The intervention group
(n = 119) of parents received DR-BNI and
appointments were made with the child’s dental
practitioner to treat the child as being high risk.
The control group included 122 parents who
talked with the nurses about their child’s future
tooth eruption and were advised about visiting a
general dentist. Mean DMF scores were calcu-
lated at baseline and 2 years after the intervention
for both groups. Sixty-two percent of the children
developed caries in the control group compared
to 44% in the intervention group. There was a
29% decrease in the relative risk of new caries
experience in the DR-BNI group as compared
with the control; also, the odds of new caries
experience were reduced in the intervention
group participants compared to those in the con-
trol condition.

Direct MI Intervention in Iran. Finally, a two-
arm, cluster RCT was conducted in Hamadan,
western Iran, to evaluate changes in mothers’
cognitive predictors, as well as reported behavior
of teeth cleaning of their children (ages 1-2 years
old) [14]. This study used a direct behavioral
intervention with no clinical component, focus-
ing on the primary outcome of changing maternal
oral hygiene behaviors for their children. Ten
daycare centers were randomly selected and allo-
cated to two groups: an intervention group (five
centers, 45 mothers) and a control group (5 cen-
ters, 45 mothers). The intervention was based on
the TPB theoretical model but used a standard MI
intervention approach: express empathy, develop
discrepancy, roll with resistance, support self-
efficacy and avoid argumentation; three MI ses-
sions were conducted with the participants. TPB
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is a social cognitive model of attitude and behav-
ior relationship that is mediated by intentions
[15]; it assumes that the predictors of behavior
are a person’s intention to perform that behavior
and Perceived Behavioral Control (PBC)—that
is, a person’s perception of the ease or difficulty
of performing a given behavior. According to
TPB, intention influences behavior and is pre-
dicted by attitude, PBC, and subjective norms
[15, 16]. Although some researchers have used
TPB-based interventions in non-RCT studies,
their use in RCTs has been limited [4, 17]. Based
on the TPB model, the behavior change tech-
nique addressed knowledge, attitude, and PBC in
mothers. The intervention consisted of three ses-
sions at daycare, a booklet, and text message
reminders for all five centers in the intervention
group. The mothers received a booklet at the start
of the second session targeting knowledge and
PBC and encouraging action through self-
monitoring and goal-setting. Additionally, the
intervention group mothers received eight differ-
ent text messages, 45 days after the last session.
A 25-item questionnaire was developed, and
variables were measured before receiving the
intervention—10 days after the intervention and
3 months after follow-up. The primary outcome
was a change in oral hygiene behavior; secondary
outcome measures were changes in knowledge
and cognitions of TPB. Significant differences in
knowledge, attitude, PBC, and cleaning of chil-
dren’s teeth were reported by mothers in the
intervention group at 10-day and 3-month assess-
ments. Also, the attitude and PBC scores of the
intervention group improved over the assessment
period. This intervention moderately improved
the mothers’ cognitions and self-reported clean-
ing of their children’s teeth.

12.2.2 Self-Determination Theory

SDT underscores the importance of individual
engagement and responsibility in undertaking
change. It suggests that health behavior change is
most effectively achieved in autonomy-supportive
contexts, in which “significant others offer
choice, provide a meaningful rationale, minimize

pressure, and acknowledge the target individual’s
feelings and perspectives” [18]. The principle of
self-determination can be seen in the previously
described MI strategy, but a self-determination
approach lacks the carefully prescribed steps and
other MI components.

Direct Self-Determination Intervention in
Iowa. A comparison of the autonomy-supportive
psychoeducational videotaped message,
informed by SDT, to a neutral message delivered
by brochure was the approach of an RCT
designed to measure changes in mothers’ behav-
iors concerning their children’s oral health [19].
Four hundred fifteen mother-child dyads were
randomly assigned to intervention (n = 283) and
control groups (n = 132). The intervention group
mothers were provided with a 15-minute video-
taped oral health message informed by SDT, cov-
ering a variety of oral health topics—including
the process of tooth decay, oral hygiene practices,
dietary habits affecting caries susceptibility,
checking a child’s teeth for early sign of cavities
and bacterial transmission from mother to child.
The control group mothers received the educa-
tional component using a neutral style through a
brochure containing the same information pro-
vided in the videotaped message of the SDT
intervention. The paper brochure was selected for
the control group as it is considered to be the
standard dental education delivery tool in many
women, infants, and children (WIC) and dental
clinics. SDT proposes that, if the mother has
internalized the message, the changes should be
evident within a short period of time. The study
also employed a series of questions at baseline,
one- and 6-month follow-ups to collect demo-
graphic information and assess any changes in
mothers’ self-reported oral health behaviors
regarding their children’s oral health; dental
plaque and caries status were also recorded at
baseline and 6-month follow-ups. Positive
changes were observed for dietary/oral hygiene
behaviors among the intervention group at 1- and
6-month follow-ups compared to the control
group. A significantly greater proportion of
mothers in the intervention group checked for
white spot lesions at 6 months, compared to base-
line. The SDT videotaped message was more
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effective in changing mothers’ behaviors con-
cerning their children’s oral health compared to
the brochure.

12.2.3 Salutogenic Theory

Direct Salutogenic Intervention in Thailand. One
method for examining underlying causes of
behavior is via salutogenic factors that seek to
explain why some individuals who live in adverse
conditions and are surrounded by stressful envi-
ronments can maintain and improve their health.
The central concept of salutogenesis is SOC,
described as a “global orientation for viewing life
in coherent, manageable and meaningful ways
[20]; based on Aaron Antonovsky’s salutogene-
sis model, SOC is a psychosocial attribute that
reflects the degree to which individuals perceive
their life challenges to be meaningful, as well as
the degree to which they can understand and
manage challenges, such as oral health problems
[21]. A systematic review concluded that saluto-
genic factors—such as higher maternal SOC,
positive coping strategies, resiliency, internal
locus of control, and other protective psychoso-
cial factors—are associated with “adherent” oral
health behavior [22]. According to salutogenic
theory, protective psychosocial factors help in
buffering stresses of daily life and provide higher
problem-solving capacity. Thus, these individu-
als have a better orientation towards adopting
positive oral health behaviors and movement in
an oral health-promoting direction.

A school-based cluster randomized trial was
conducted in Thailand testing the effect of an
intervention to enhance SOC in children aged
10-12 years old [23]. The unit of randomization
was the school; 12 schools were selected and ran-
domly assigned to the intervention (133 children)
or control group (128 children). Group allocation
used block permutation to balance the number of
schools/participants in each group. The schools
were listed, and a random sequence of blocks of
four was created. The RCT did not demonstrate a
difference in caries increments (DMFs) between
the intervention and control groups. However, the
intervention increased the SOC scores and

improved oral health quality of life in children
who participated in the trial. The intervention
was child-centered, and child participation and
empowerment were demonstrated in most oral
health education sessions. For example, after the
intervention was over, the children decided that
sweetened foods would not be sold in the schools
and that the schools would provide toothbrushes
and fluoridated toothpaste to all students. These
decisions intended to create healthy environ-
ments wherein students could adopt desired
behaviors and enhance components of SOC.

12.2.4 Social Competence Model

Direct Intervention Using Storytelling in Hong
Kong. This trial operationalized a Social
Competence model in the form of social stories
used to illustrate the importance of positive oral
health practices. A 24-month, two-arm RCT was
conducted to assess the efficacy of a social story-
based intervention to promote oral health status
among preschool children with special healthcare
needs [24]. The intervention included educa-
tional training for 306 children, 2-6 years old,
with moderate to severe disabilities. All the par-
ticipants received standardized toothbrush train-
ing and oral health education materials. In the
intervention group (156 children), the children
were told social stories while the control group
children (150 children) received standard leaflets.
Social stories have been successfully used in the
past to promote social behaviors in children.
These stories are written from a child’s perspec-
tive with visual depictions of the behaviors that
are targeted in the stories. Pre- and post-
intervention child oral health status and oral
health-related behaviors were assessed. Dental
examinations were performed at baseline and
Phase 3 (24-month follow-up) using DMF pri-
mary teeth. Oral hygiene and gingival status indi-
ces were measured at baseline and each follow-up
visit; tooth brushing performance was also mea-
sured. No significant difference in the caries
experience was found between the groups.
However, children in the intervention group
showed better oral hygiene status and tooth
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brushing performance and were more likely to
visit a dentist. The investigators concluded that
social stories could be used to improve oral
health-related behaviors among children with
special healthcare needs.

12.2.5 Social Cognitive Theory

SCT addresses individuals’ learning that occurs
by observing others and understanding one’s own
behavior in the context of social interactions,
experiences, and outside media influences [25].
SCT also emphasizes that for individuals to
change their behavior, they need appropriate lev-
els of knowledge, self-efficacy, and self-control
over behaviors and outcome expectations, such
as health consequences.

Social Cognitive Direct Intervention in
Australia. An RCT was conducted for an indige-
nous adult population in a community-based set-
ting in South Australia to determine the direct
effects of a behavioral intervention on oral health
literacy-related outcomes [26]. The oral health
literacy intervention was based on SCT, which
suggests that individuals will not change their
behaviors unless they have appropriate levels of
knowledge and self-efficacy. The intervention,
developed with two indigenous researchers, com-
prised interactive contextually relevant oral
health workshops with the following topics:
information about dental disease processes,
accessing dental services, and becoming familiar
with the dental clinic. The themes for the work-
shop were oral health-related self-efficacy, oral
health-related fatalism, oral health knowledge,
access to dental care, and rights as a patient. In
total, 400 adults—?203 in the intervention group
and 197 in the control group—were enrolled in
the trial. The primary outcome was oral health
literacy as assessed by the 14-item Health
Literacy Dental Scale (HeLD-14) instrument.
Oral health literacy partially improved in the
intervention group versus the control group. Oral
health literacy improved when assessed under
some scenarios. Improvement was seen in per-

ceptions of control, oral health-related fatalism,
and perceived stress.

12.2.6 Personalized and Community
Teaching Strategies

Several RCTs characterized as studies of behav-
ioral strategies have not referenced specific theo-
retical models, but rather have used traditional
teaching strategies—such as information-based
oral hygiene instruction for parents and children,
and oral health education and promotion. Some
of these interventions employ personalized
approaches adapted to ensure cultural sensitivity.
In addition, these interventions often use lay peo-
ple from the community to deliver oral health
promotion and disease prevention activities.
Supporting Intervention Using Instruction by
Navajo Tribal Members. A reservation-based,
3-year cluster-randomized clinical trial was
conducted for Navajo children attending 52
Head Starts (26 intervention and 26 usual care),
which delivered an Oral Health Promotion
(OHP) intervention, with outcomes measured as
relative caries increments [27]. In total, 1016
mother-child dyads (518 in the intervention
group and 498 in the control group) were
enrolled in the RCT. The behavioral interven-
tion included a set of five child OHP interven-
tions and four caregiver OHP interventions,
along with the delivery of four fluoride applica-
tions in Head Starts from 2011 to 2012 and 2012
to 2013. The defining aspect of the intervention
was that it was delivered exclusively by tribal
members who received a one-week training
every year in oral health and hygiene, as well as
instructional approaches. The intervention was
manualized, and it described the intervention in
detail sufficient for reproduction and assurance
of fidelity. The unit of randomization for this
study was the Head Start Center (HSC); HSCs
were randomly assigned to the intervention or
the usual-care groups using a random number
generator. The usual care group did not receive
any intervention but did receive toothbrushes
and toothpaste for their families. The impact of
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the intervention was evaluated using an index of
DMF tooth surfaces and compared to the usual
care group. An increase in DMFs was seen in
both the intervention and usual care groups after
3 years, with the DMFs’ increment being
smaller for the HSCs receiving the intervention
than for those assigned to usual care [28]. Caries
prevalence also increased in the caregiver-child
dyads receiving 1 year of intervention in both
groups. The study concluded that the prevalence
and severity of dental diseases were extremely
high in the Navajo population assessed, and it
was recommended that more highly personal-
ized intervention approaches be developed that
could be shaped by cultural perspectives atten-
tive to social determinants of health. Parents
often did not attend the oral health sessions due
to such factors as their living mostly in remote
areas, having very low incomes, and facing sev-
eral other challenges, like lack of transportation.
But the importance of parental engagement can-
not be emphasized enough, because when par-
ents did participate, there were positive results
in terms of behavior change [29].

Supporting  Instructional Intervention in
California. A large-scale RCT was conducted in
a low-income Hispanic population of 361
California mother-child dyads. Several strategies
were used, including a chlorhexidine mouth rinse
regimen for mothers postpartum, oral health
counseling, and fluoride varnish applications for
children every 6 months from ages 12 to
36 months old [30]. Mothers and their infants
were randomly assigned using computer-
generated blocks. The intervention used a promo-
tora approach, in which mothers received
one-on-one oral health counseling in Spanish or
English, guided by a culturally suitable script
from trained community health workers. The top-
ics of discussion with the mothers by the promo-
toras were age-specific for the child and included
oral hygiene, diet, and nutrition, the role of sugar
in dental caries, appropriate fluoride use, appro-
priate pacifier use, the appropriate time for nurs-
ing bottle use, and injury prevention. Clinical
exams were conducted for both the mother and

the child by calibrated dental examiners. Despite
this strong combination of potentially effective
clinical and behavioral intervention strategies,
however, no reduction in caries was seen in the
primary dentition of participants. Although there
were no differences between the control and
intervention groups, participants had one-half the
ECC prevalence and lower caries severity com-
pared with their community’s historical data. The
trial concluded that these interventions may need
to be combined with additional or longer-term
therapies to significantly reduce ECC in high-risk
populations.

Supporting  Instructional Intervention in
Australia. A 2-year, prospective, cluster-
randomized, concurrently controlled open trial
using a Community-Based Participatory
Research (CBPR) model involved 666 Australian
Aboriginal children, aged 18—47 months old. The
randomization design allocated communities at
random to either the intervention group (344 chil-
dren) or the control group (322 children), such
that all children within a given community
received the same intervention. The intervention
was delivered by Aboriginal health workers who
provided fluoride varnish applications and
engaged parents and families during dental
screenings and varnish applications at children’s
playgroups, preschool and community councils,
and other community events. Advice to parents
was given in two settings: one was during a fluo-
ride varnish application where a clinician pro-
vided information on dental caries prevention;
the other was at children’s preschool, where non-
healthcare providers gave similar information.
Health promotion information was also provided
to community leaders to promote a community-
wide oral health promotion campaign. Face
painting was used alongside fluoride varnish
applications to increase the acceptability of the
varnish in children. Significantly lower decayed
surface increments were seen over 2 years when
those receiving the intervention were compared
with children in control communities [31]. This
resource-intensive intervention reduced the den-
tal caries increment by 2.3-3.5 surfaces per child,
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which is 24-36% fewer tooth surfaces per child
that developed dental caries over 2 years. Still, it
was discouraging that 89% of children in the
intervention group developed caries during the
2 years.

Supporting Instructional Intervention in
Greece. A double-blind RCT with two parallel
arms was conducted in schools in medium and
low socioeconomic areas of Athens, Greece
[32]. Children (n = 328) were stratified accord-
ing to caries risk before the randomization so
that a similar number of high- and low-risk car-
ies children were present in each group. A child
was considered at high risk if there was at least
one carious lesion and/or presence of mutants
streptococci in a microbiological test. Random
blocks of size eight were used and the random-
ization lists were produced with computer soft-
ware. The intervention used twice-yearly
fluoride varnish applications, along with oral
hygiene instructions, daily supervised tooth
brushing with fluoridated toothpaste, and a few
other oral health promotion activities conducted
at school. Oral hygiene and dietary advice were
given in a classroom setting by dental profes-
sionals. Dental caries increments after 2 years
did not lower for the intervention group com-
pared to the control group. The children in the
study were aged 2-5 years old and had been
identified as high caries risk, with 37% of them
having experienced caries at baseline. The
school setting encouraged compliance and par-
ticipation by the students in the daily oral health
activities and facilitated the fluoride varnish
applications.

12.3 Technical and Logistical
Considerations in RCT
Implementation

Once the trial design has been finalized and all
approvals have been received, the implementa-
tion of a behavioral RCT has its own set of guide-
lines and common challenges faced during
implementation. These usually include the fol-
lowing issues:

Summary of Supportive Interventions
Supportive behavioral interventions sup-
ported clinical approaches, such as fluoride
varnish, chlorhexidine mouthwash and
other chemical approaches, and also pro-
duced mixed results.

Although clinically change is visible in
supporting interventions, such as reduction
in dental caries, it becomes difficult to dis-
tinguish the impact of the behavioral inter-
vention from the clinical intervention in
such studies. Thus, these studies do not
capture the effectiveness of behavioral
interventions.

Summary of Direct Interventions
The direct MI intervention provided a
mixed result. It is possible, of course, that
these results reflect dose problems—that is,
that the intervention needed to be more
intense or involve more intervention ses-
sions to result in more positive outcomes. It
should be noted, however, that the inter-
ventions in these studies may have varied
considerably in their adherence to standard
MI approaches, with the two U.S. studies
and the Australian study descriptions sug-
gesting the strictest adherence to the model.
Other Direct intervention were also
based on Salutogenic, Social and Cognitive
theories. These studies demonstrated prom-
ise in behavior change, including an
increase in the capacity of the individuals
to take ownership of the behavior change,
which could be related to improving oral
hygiene or reducing cariogenic diet.
Changes at clinical level, such as reduc-
tion in dental caries level were either rarely
seen or not captured in these studies. One
of the main reasons is that clinical changes
are seen after a longer duration of behavior
change, and most behavioral RCTs do not
run for a long enough period of time to cap-
ture the clinical change.
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12.3.1 Conceptual Framework

The articulation of a conceptual framework for a
behavioral trial provides a structure for system-
atically thinking about factors that need to be
considered in developing meaningful interven-
tions. By clarifying the theory behind the inter-
vention, it suggests the mechanisms by which
change can be achieved and increases the capac-
ity for reproducing the study and its results.

The Center for Native Oral Health Research
(CNOHR), funded by the National Institutes of
Dental and Craniofacial Research and directed by
Dr. Judith Albino, conducted two behavioral
interventions with reservation-based Al popula-
tions that were among the studies described here.
CNOHR used a CBPR methodology to design
and implement the RCTs [33]. The conceptual
model (Fig. 12.1) used by CNOHR emphasized
the importance of early environments and social
context, including stressors related to race and
socioeconomic status, but with adaptations
reflecting the context of oral health issues and

Adapted from MacArthur Foundation

concerns. Developed with AI community input,
the framework identified a series of factors—
demographic, behavioral, psychological, health,
and others, as well as intervention factors—that
may contribute differentially both to oral health
and to responses to an oral health intervention.
The framework begins with factors that affect oral
health at the macro level but are largely outside
the influence of the intervention. The mediators/
moderators in the second column may provide a
greater understanding of responses to interven-
tions, thereby suggesting valuable strategies for
developing maximally effective interventions.
Oral health outcomes reflected the complexity of
the oral health system that the intervention could
influence. The developmental dimensions that
influenced the elements of the intervention and
potential outcomes were also noted in the concep-
tual model. Both oral health problems themselves
and the best strategies for intervention were influ-
enced by age, life context, and the concerns of dif-
ferent developmental stages, as indicated in the
conceptual framework.

ORAL HEALTH OUTCOMES

INTERVENTION OPPORTUNITIES

Research Network in Socioeconomic Status POSSIBLE
and Health model of pathways from SES to MEDIATORS/MODERATORS ORAL DISEASE
health - -Caries
-Gingivitis
Oral health knowledge, -Periodontitis
attitudes, and behaviors .
-Knowledge of oral health SEXTEND CURRENT ORAL (E)gal Lt:apcer
American Indian/ -gnillugesnibgurt] oral health HEALTH SERVICES -Edentulism
i -Oral health behaviors
AehaNatve Locus of control >INCREASE USE OF ORAL COSTS
-Self-efficacy HEALTH SERVICES X .
-Patients and family
-Health care systems
Psychological Influences F-’)RIE‘VCEEIET‘?gNOARNAII)_ HEALTH -Communities
-Distress*
'Sociodemographics -Chronic stress* TREATMENT DISEASE
-Gender -Social support*
-Age Ethnic identity* INCREASE EXPOSURE TO A TRAJECTORIES
-Education* -Perceived discrimination* FAVORABLE ORAL HEALTH -Maintenance/control
-Employment* ENVIRONMENT -Associated physical
-Income* health problems
-Household composition* Other health/risk factors
-Locale of residence* -Tobacco use*
-Excessive alcohol use* PERCEIVED ORAL
-Health comorbidities* HEALTH
«Constructs employed in previous -Quality of life
AIANP studies -Oral health
-General*
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TS ST S s e =
I
! LIFE COURSE |
| ]
1 BIRTH EARLY CHILDHOOD YOUTH YOUNG ADULTS ADULTS ELDERS :
|
I

Fig. 12.1 Conceptual framework for center for native oral health research
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12.3.2 Community-Based
Approaches in Behavioral
Trials

CBPR is an effective model for achieving success
in RCTs, especially within ethnic minority com-
munities in which cultural perspectives may dif-
fer from those within the larger society. CBPR
principles require “recognition of a community
as a unit of identity; facilitate collaborative, equi-
table partnership in all phases of the research,
achievement of a balance between knowledge
generation and intervention for the mutual bene-
fit of all partners, capacity building among all
partners and long term sustainability” [34].

Most behavioral RCTs—even those not
labeled here as Personalized/Culturally Specific
Models, used laypersons to engage the commu-
nity, recruit and retain study participants, and
implement the intervention. This, of course, is
consistent with CBPR standards and has been one
of the key factors in the successful implementa-
tion of behavioral RCTs—particularly when con-
ducted with minority racial and ethnic group
populations. Using laypeople as healthcare work-
ers has several advantages, including building
trust with the community, facilitating recruitment
and retention of study participants, and—above
all—providing a sustainable resource for the com-
munity [35]. It is not surprising that many recent
RCTs take this approach since most such work
with behavioral strategies is conducted within the
context of large community-based interventions.
These approaches are both expected by the com-
munities where participation is sought, or they are
simply important strategies that rely on under-
standing the motivations and understanding of
participants’ life situations and social contexts.

12.3.3 Manual of Procedures

As is the case for all randomized clinical trials in the
United States, regulations exist regarding all aspects
of planning, implementation, and reporting. The
Food and Drug Administration Amendments Act of
2007 (FDAAA) is the basis for most of these today.
Trials funded by the National Institutes of Health
(NIH) institutes or centers, including the National

Institute of Dental and Craniofacial Research
(NIDCR), are generally expected to comply with all
FDAAA regulations and are monitored carefully in
that regard by the funding agencies. In the United
Kingdom and Wales, the National Institute for
Health and Clinical Excellence (NICE) provides
guidelines for trials funded through the National
Health Service (NHS). The European Medicines
Agency (EMA) in the European Union and the
Department of Health (DOH) in Australia—as well
as similar agencies in other countries—assume sim-
ilar roles. While all of the regulations for clinical
trials of drugs and devices may not seem relevant to
behavioral trials, the governing agencies ordinarily
expect them to be followed.

Among the expectations for clinical trials in the
United States—which have been described else-
where in this volume—is the Manual of Procedures
(MOP). Given the unexpected nature of human
behavior, interventions to test behavioral interven-
tions can especially benefit from a detailed and
well-written MOP. A strong MOP, followed rigor-
ously during pilot tests, can ensure the identifica-
tion of unforeseen problems, and thereby greatly
improve procedures and add value in the imple-
mentation of the final trial. Moreover, it provides
specific information about the implementation of
design and potential variations necessary in real-
world situations and challenges. The MOP can
define a balance between the extreme rigidity of
behavioral interventions and the necessary flexi-
bility that may be needed for the implementation
of behavioral interventions. Finally, the MOP is a
significant document, not only to direct the origi-
nal implementation of a study but also to guide the
efforts of researchers who may want to replicate
the study. It provides an essential understanding of
how the intervention was designed and how it
evolved during the implementation phase without
jeopardizing the fidelity of the intervention.

12.3.4 Ethical Considerations
and Approvals

As in all other RCTs, behavioral RCTs require
ethical approvals from their institutional review
boards before study recruitment or implementation
in the field. It also may be necessary to seek ethical
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approvals from the community where the study is
to be conducted. It is always advisable to develop a
strong understanding and acceptance of a study
within a community, regardless of formal require-
ments for approval. It is important to find out the
guidelines and processes involved in receiving ethi-
cal approvals from community review boards and
incorporate the time needed and expenses required
to fulfill them before research activities start in the
field. Some communities—including Al tribes—
may have well-developed structures for review and
approval of research, and their rules will often
override concerns of institutional review boards.
Ensuring that multiple sets of requirements are met
may mean going back and forth between boards.

For example, CNOHR sought and received
ethical approvals from the tribal institutional
review boards and from the area Indian Health
Service, as well as from the university institutional
review board. Al communities strongly recom-
mend the use of CBPR methodologies in research
and clinical trials conducted on reservations. In
addition to research review boards, RCTs may
have community advisory boards and other struc-
tures for community participation in research
design, approvals, and implementation. CNOHR
worked with the tribes to set up planning meetings
that involved tribal governance and other Al com-
munity members and representatives, health board
representatives, and education board representa-
tives, and also consulted with Indian Health
Service representatives before submitting the grant
application [10, 27]. If one board asked for some
consideration that had not been approved by the
other board, this meant going back to the first
board; obviously, negotiations were important in
how these matters would be handled. Moreover,
after final approvals were achieved, a Community
Advisory Committee (CAC) that provided input
on all CNOHR research activities and Community
Advisory Boards (CABs) that provided input on
each of the two clinical trials were formed to con-
sult on the project throughout the trials.

12.3.5 Hiring and Training of Staff

There were several lessons learned by CNOHR
staff and faculty in our work to receive coopera-

tion and approvals from the communities within
which we worked. Above all, these are time-
consuming processes. Community review boards
have their protocols, meeting times, and commu-
nication methodologies, as well as their specific
concerns that may seem to have little relationship
to the goals of the research, but that nonetheless
must influence the conduct of the trial. Thus,
RCTs using CBPR approaches should include
extra time within their framework and great flex-
ibility in accommodating the needs of commu-
nity review boards and advisory groups. Second,
it is important to build trust with the community
before seeking approval. A good approach is to
include on the team an investigator, or a key staff
member, from the community. Third, many com-
munities consider it a sign of respect if the princi-
pal investigator or senior leader from the team is
present during the review board meetings to
describe the study and answer questions that may
concern review board members. The research
review board of a Southwestern reservation with
which we worked stipulated that the principal
investigator should be present at all review board
meetings, despite the fact that traveling to these
meetings from the university required a flight and
a four-hour drive—sometimes only to discover
that the review group did not have a quorum and,
therefore, could not take action; the location of
another review board with which we worked
required a 12-hour drive. In both cases, substan-
tial commitments of time and budget were
required to accommodate working in these
communities.

One of the most difficult challenges faced by
any RCT is hiring and retaining the staff who
implement the trial in the field. Most behavioral
RCTs hire people from the community and train
them to implement the study, which helps reduce
turnover.

The Early Childhood Caries Collaborating
Centers (EC4) included the Center to Address.
Disparities in Children’s Oral Health at the
University of California San Francisco (UCSF),
the Center for Research to Evaluate and Eliminate
Dental Disparities at Boston University (BU),
and the Center for Native Oral Health Research at
the University of Colorado Denver (UCD). The
EC4 has reported extensively on the hiring and
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training of staff. Although the three centers
involved worked with different populations and
in different areas of the United States, they faced
similar challenges in retaining study staff. One of
the common methods used by all three centers
was to engage the study staff frequently with the
principal and contributing investigators for the
RCTs [36]. Several strategies used in behavioral
trials conducted in the Aboriginal community in
Australia, First Nations people in Canada, and
the Maori community in New Zealand have been
reported, as well [37-39]. Investigators in all
these RCTs spent considerable time listening to
the concerns of study staff, motivating them, and,
most importantly, acknowledging their accom-
plishments. All these trials hired staff from the
communities where they were implementing the
research. This not only reduced turnover, but also
helped to build trust with the communities and
retain study participants.

12.3.6 Instrument Development
for Data Collection

Measurement in behavioral trials is perhaps even
more important in the design of a study than in
trials focused on a drug or device. The defined
outcomes—both primary and secondary—must
be carefully considered and measured; usually, it
is also important to consider moderating and/or
mediating variables that may influence response
to the intervention and to ensure that they are
properly measured. Even the intervention itself
must be carefully measured—often in terms of
duration or other variables, and also in terms of
fidelity to the defined procedures for
implementation.

Clinical data are collected to measure the
effect of clinical outcomes, of course, and there
are usually standard approaches to these types of
assessments. However, it is important to consider
the use of the data, the primary concern being
whether the measure chosen will allow us to
identify group differences in the way and at the
level required for a clinical trial. More specific to
behavioral trials are concerns related to the theo-

retical model guiding the research; measures of
attitudes, beliefs, and/or behaviors, as well as
some sociodemographic or social determinants,
may be needed—either to assess their moderat-
ing or mediating effects on outcomes or to deter-
mine the effect of the intervention directly on
these variables, which may be used as outcomes
(usually secondary). For these purposes, behav-
ioral RCTs are well-advised to use validated sur-
veys and tools already available; or to build into
their study the necessary procedures not only for
developing their own tools but also for assessing
the reliability and validity of these instruments.
The Ilatter approach is time-consuming and
requires a team of experts who know the theoreti-
cal background for the intervention have specific
assessment expertise, and possess the requisite
biostatistical skills.

In the context of their series of coordinated
behavioral trials, the EC4 developed a compre-
hensive assessment instrument, the Basic
Research Factors Questionnaire (BRFQ); more
than 50 national experts were involved in the
development of the BRFQ [40]. A systematic,
multi-step process in selecting and defining mea-
sures was used. Working groups were assem-
bled, comprising experts from all of the
behavioral, social, psychological, and demo-
graphic areas covered by the questionnaire.
These groups developed questions or used exist-
ing questions under the domains that were then
included in the survey. The EC4 published the
development process of the BRFQ, as well as the
questions so that others who want to use the sur-
vey or develop their own will have guidance for
doing so.

Investigators planning behavioral RCTs may
not have the extensive resources needed to
develop measurement tools, and the use of previ-
ously developed and validated tools provides an
efficient and effective approach to moving a trial
forward. Moreover, previously validated instru-
ments may increase confidence in the trial, even
if some adjustments are needed to adapt an estab-
lished instrument to suit the population partici-
pating in the trial.
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12.3.7 Reporting Behavioral Trials

Most—if not all—RCTs use the Consolidated
Standards of Reporting Trials (CONSORT) crite-
ria for reporting their methods and results.
Several journals require RCTs to follow the
CONSORT guidelines, including them in the
electronic submission format [41]. Registered
clinical trials of behavioral interventions, as well
as other treatments, also must track and record
adverse events—especially if the trials used a
device/drug in conjunction with the behavioral
intervention [32, 42]. The EC4 group mentioned
above developed a common approach to these
requirements; although all three centers imple-
mented behavioral RCTs, they reported the inci-
dence of adverse events related to fluoride varnish
treatment in three clinical trials on the prevention
of ECC. Children who participated in these three
trials received a cumulative total of 10,249 fluo-
ride varnish treatments; on average, each child
received 4.2 fluoride varnish treatments. No fluo-
ride varnish-related adverse events were found in
more than 10,000 applications, nor were there
any reported adverse events as the result of
behavioral strategies used [42].

12.3.8 Recruitment, Retention,
and Engagement
of the Population

Like most other RCTs, behavioral RCTs face
challenges related to the recruitment and reten-
tion of study participants. Although most insti-
tutional review boards will take an interest
in—and may require changes in—procedures
related to recruitment and retention of subjects,
these are nonetheless issues that investigators
need to think through carefully themselves to
ensure the integrity of the research. Researchers
who evaluated retention and recruitment efforts
in dental trials in the United Kingdom and
Australia reported that RCTs require partici-
pants to take part in the intervention, which can
involve multiple, time-consuming sessions, as
well as the completion of long and cumbersome
surveys [43].

Improved strategies for recruitment of partici-
pants may be key to ensuring that participants
stay engaged in the intervention, complete the
study for longer, and don’t compromise data by
becoming fatigued in the process [36]. It is
important to be clear and transparent with study
participants regarding study expectations and
time commitment. Although this step can lead to
participants’ declining participation, it is better to
lose them before enrollment rather than after the
study has begun, which may negatively impact
results and incur unnecessary costs.

Respondent, or participant, compensation is a
critical element of recruiting that needs special
attention. Participants should be paid reasonably
for their time, yet payment should not be so gen-
erous as to become a coercive factor—or one that
invites misrepresentation on the part of potential
participants. These are always considerations in
the approval of studies by institutional review
boards, although compensation may be decided
based on guidelines provided by either the insti-
tutional review board or the community review
board. In making decisions about appropriate
payment, however, the specific social and eco-
nomic characteristics of the community from
which the participants are drawn need to be taken
into consideration, and it may be up to the inves-
tigators to provide review boards with this infor-
mation and an appropriate interpretation.
Respondent fatigue can also be reduced by pro-
viding surveys on tablets or computers, reducing
the chance of missing survey questions. Surveys
can be administered using software that can read
the questions aloud to participants, perhaps in a
language of their choosing; this can provide
important assistance for participants who may
have issues with reading and literacy.

The retention of participants can be another
challenge with the potential loss of follow-up
data in longitudinal trials [44]. If the trial is
CBPR-guided, the investigators should keep the
established community advisory board informed
about the recruitment and retention numbers.
Community members are always the best
resource to discuss strategies related to recruit-
ment and retention; they know best what works in
their community, and can help the investigators
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who may be “outsiders” to understand the culture
of the community and to keep participants
retained. A trial conducted in Wales vested exten-
sive time in recruitment and retention efforts of a
community-based trial. They reported that
recruitment was one of the most challenging
parts of the trial, although—once recruited—
only 11.6% of participants dropped out of the
trial [45]. The trial also reported extensive efforts
to retain participants, including up to 15 home
visits for some children. The EC4 provided sev-
eral approaches used in the RCTs that improved
retention; some of these were paying for trans-
portation costs or meeting people at their homes.
They also learned to collect alternative phone
numbers at enrollment in order to contact the par-
ticipants, should they move or disconnect a phone
line. It is good practice to learn participants’ pre-
ferred methods for being contacted; depending
on circumstances, telephone, texting and even
social media may be preferred.

12.3.9 Fidelity

Although the concept of treatment fidelity had
been discussed over a number of years, it received
greater emphasis after the 1999 establishment of
the NIH Behavior Change Consortium intended
to provide best practices for methodological
strategies to monitor and enhance the reliability
and validity of behavioral interventions [46]. The
Consortium has defined methods to assess fidel-
ity based on five key components: study design,
training providers, delivery of treatment, receipt
of treatment, and enactment of treatment skills
[47, 48]. Addressing fidelity in all these areas can
improve scientific confidence in a study, and
reduce threats to the study’s internal and external
validity, thereby enabling researchers to draw
more accurate conclusions. Recently, behavioral
RCTs in oral health have published independent
fidelity reports to provide in-depth assessments
of the process and impact of fidelity on trial out-
comes [48, 49].

Fidelity in data collection is usually discussed
in terms of reliability and validity of measure-
ment. Examiner or rater calibration is essential to
ensure this quality and, in most cases, data from

these calibrations and later checks on reliability
are reported along with the results of the trial.
Several studies reported here have included fidel-
ity monitoring in their protocols, and some fund-
ing agencies in the United States, including the
NIDCR, require that fidelity monitoring be
included in the grant application process of an
RCT. Two of the MI-focused RCTs described
above were involved in the development of
detailed common procedures and gold standards
for clinical data collection.

Although the examples provided for RCTs
applied different theoretical models and
approaches, some made fidelity to the interven-
tion an important component of their work.
Publications describing the process of fidelity fol-
lowed in the trial [48, 49] are proving especially
valuable as resources for the development of new
trials. Multiple investigators and research staff are
involved in the implementation of large-scale tri-
als, making it especially important to ensure the
reliability of the approach, including avoidance of
intervention “drift” over time. An example of best
practice with respect to fidelity is demonstrated in
MI studies that have used MITI—a coding system
designed to measure treatment fidelity for MI
clinical trials, providing structured, formal feed-
back about improving practice [50]. Several
behavioral RCTs have manualized their interven-
tions to improve reproducibility. Although follow-
ing a fidelity process improves confidence,
reliability, and validity, it may also reduce flexi-
bility for implementation of the behavioral inter-
vention in the field. The temptation to give in to
the desire to modify an intervention in the midst
of a trial is more easily resisted when interven-
tions have been thoroughly pilot-tested and manu-
alized in great detail, and the circumstances that
might provoke a need for such flexibility have
been thought through and discussed with those
responsible for implementation.

12.4 Gap Analysis for Behavioral
Trials

Today, we know far more about the role of behav-
ior in oral health than a decade or two ago, in
large part due to efforts made to conduct clinical
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trials focused on behavioral strategies to improve
health. Standard controls on clinical trials pro-
vide some guidance and commonality of struc-
ture that ensures confidence in results and lends
legitimacy to outcomes. Nonetheless, this frame-
work has not served the development of behav-
ioral strategies at nearly the level we have seen
for clinical treatments or biochemical approaches
to prevention. We can attribute this fact to where
we currently stand in our conceptual knowledge
of behavioral strategies, and how they can or
should be used to improve oral health.

Likely the greatest gap in our knowledge
about RCTs in testing behavioral strategies in the
context of oral health is reflected by the limited
number of theoretical approaches that have been
submitted to this most rigorous test of efficacy.
We believe this challenge emerges from our fail-
ure to distinguish and account for the role of
behavioral strategies—as discussed in our
description of direct and supportive uses of
behavioral interventions—and a resulting lack of
confidence in the promise of behavioral strate-
gies. Unlike in the case of medical problems,
such as diabetes or even some areas of cardiovas-
cular disease, we have yet to develop the depth of
understanding that says oral disease is a problem
that must be addressed primarily in terms of
behavioral approaches. We seem reluctant to say
that oral disease—even caries in children—is
best prevented by behavioral steps, such as diet
control and oral hygiene practices. As such, when
allowed to use scarce funds to conduct an expen-
sive RCT, we are unwilling to go the distance to
test the efficacy of a standalone behavioral strat-
egy. In all likelihood, this is because it just seems
too expensive when we believe—albeit not
always correctly—that we have greater evidence
for biochemical methods of prevention or surgi-
cal approaches to repair. This thinking seems
misguided at best and gets in the way of develop-
ing the complete knowledge base needed on the
role of behavior in oral health.

Perhaps the lack of confidence in behavioral
strategies stems from the fact that these
approaches simply are not well understood. Even
our efforts to describe them are admittedly less
than precise, and the almost haphazard way in
which they have been combined with other strate-

gies, including clinical approaches, can render
the trial design inappropriate for addressing the
question being posed. Further complicating mat-
ters, many studies do not even attempt to describe
the mechanisms whereby a behavioral strategy
might be expected to achieve a specific change or
outcome. Indeed, our own attempt to categorize
the kinds of behavioral trials that have been con-
ducted was often frustrating as the information
provided in reporting these trials lacks consis-
tency or a common language. None of this is
entirely surprising, of course, since the method-
ology of clinical trials has been honed and refined
in the study of pharmaceuticals—a model that
does not easily translate to human behavior and
all its vicissitudes. Although the basic clinical
trial design can serve us well in studying the
effectiveness of behavioral strategies, the fit is
not always perfect. The behavior of human beings
is over-determined, and we may never be able to
achieve the degree of control that might be pos-
sible in delivering and examining the effects of
specific chemical treatments, for example.
Nonetheless, we must attempt to do just that.
Two basic kinds of information are needed to
move forward our progress in conducting clinical
trials of behavioral strategies for improving oral
health. The first is conceptual knowledge, as
mentioned above; the second is more knowledge
about research methods and designs that are
appropriate for conducting behavioral trials.

1. Conceptual knowledge. We must thoroughly
understand the various behavioral models
used so that we are not dependent on the brief
descriptions and loose interpretations often
found in protocols for clinical trials. In clini-
cal and research literature, we need theoreti-
cal analyses of these models and how the
strategies based on these models would be
operationalized in the oral health setting. This
means translating the behavioral strategy
from psychological literature into the specific
applied context, with projections about what
we might expect to see. This should include
translations, also from basic psychological
science, about expected mediators and mod-
erators of behavior in the oral health setting.
Only with this background can we design
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studies that allow us to test the efficacy of the
behavioral intervention, or—as is often the
case—the behavioral component of the
intervention.

2. Methodological knowledge. In this chapter,
we discussed a number of challenges in con-
ducting clinical trials of behavioral strategies,
and we identified some successful approaches
to addressing those challenges. Unfortunately,
to do so, we most often had to draw on our
own work or studies of colleagues whose
work we know well because it has not been
the convention in this area of research to pub-
lish protocols with details related to design
and implementation—or even to publish data
on such elements of the research as fidelity to
intervention. It is only through this kind of
rigorous attention to all aspects of the research
process, however, that the conduct of these
behavioral trials will contribute to a coherent
picture of the efficacy of behavioral strategies
for improving oral health.

If we could fully commit to exploring behav-
ioral strategies for oral health through the RCT
methodology, by seeking the kind of information
described here, we would have the foundational
knowledge that permits moving toward identify-
ing not only strategies that are sometimes effec-
tive, but the standard application of those
strategies. Moreover, we could compare various
strategies—cognitive-behavioral strategies with
MI, for example. We could test culturally specific
interventions with more generic approaches.
And, perhaps most important, we could know
whether the behavioral strategy is as effective as
the clinical one, whether it boosts the clinical
one, and where and when those various choices
could be applied. Our ability to credibly test such
questions depends on our developing and sharing
the two kinds of knowledge described above.
Those tasks themselves are formidable, but the
payoff could be enormous—not only in terms of
knowledge gained but also in future improve-
ments in oral health.

12.5 Conclusion

Clinical trials of behavioral interventions in den-
tistry point toward an understanding of the value of
these approaches and underscore their role in
improving oral health. These trials bring a rigor
that provides confidence in standard results. A
number of the studies described in this chapter are
outstanding examples of superbly conducted stud-
ies of complex approaches in situations where it
may be difficult to provide true controls or to fol-
low up in standardized ways. We are learning from
these trials, yet enormous conceptual and method-
ological challenges remain. Consequently, even in
the few areas where results from multiple trials
exist, we rarely can make general or definitive
statements about the efficacy of the approaches.
That must be seen not as a failure of the strategies
themselves, however, but rather as a function of the
stage of development of this field of research.

As we observed at the beginning of this chap-
ter, clinical trials of behavioral strategies are
often conducted using designs that position the
behavioral approach as an adjunct to a clinical
approach. The decision to construct a study in
this way is understandable in the context of den-
tal care and oral health. We have often observed
that—no matter how effective the clinical or bio-
chemical strategy may be—its implementation
requires human behavior, whether to use the
product or to keep the appointment; and many
clinical approaches require considerable effort in
adhering to regimens or otherwise following
through with professional recommendations.
This pairing of behavioral strategies with clinical
strategies, however, means that we cannot always
separate the effects of the two approaches. And,
not surprisingly, our clinical trials may demon-
strate different outcomes for what would seem to
be tests of the same behavioral strategy. We do
not yet seem to be at a point in the evolution of
clinical trials of behavioral interventions in den-
tistry that we are willing to invest in the develop-
ment of the strategies themselves—even
comparing “doses,” for example, or carefully
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analyzing behaviors that are possible to achieve,
or the mediating and moderating factors that may
enhance or impede desired behavior. Rather, with
a sense of urgency about going to the ultimate
test, we are pressed to make our “best guesses”
about too many elements related to the applica-
tion of the intervention. With this in mind, we
humbly suggest that some clinical trials con-
ducted—perhaps including our own—should not
have been clinical trials (not that they did not
embody good questions and good designs, but
rather that they were not yet ready for clinical tri-
als because more preliminary work needed to be
done). Yet there is always pressure to move to the
“gold standard” of the clinical trial. As research-
ers, as funders, and as advisors to research fund-
ing agencies, we must always keep this question
in mind. Clinical trials are not the only way to
learn about behavioral strategies. Just as labora-
tory studies are important in developing basic
biological and chemical knowledge, and transla-
tional studies may represent a step before clinical
trials, we need to think about behavioral science
in the same way.

This situation is exacerbated by the fact that the
conduct of RCTs of behavioral interventions is
especially expensive. Usually, these trials must be
conducted with large numbers of participants in
field settings. They are resource-intensive in every
respect, requiring substantial human and financial
resources to implement interventions. This may
account to some degree for the relatively small
number of such trials conducted—which, in turn,
increases competition among applicants respond-
ing to clinical trial funding opportunities.

Resources for oral health research are limited
and behavioral research may not receive a high
priority compared to trials focused on biochemi-
cal approaches, devices, or surgical treatments.
In our gap analysis, we identified a lack of under-
standing of the role of behavior in oral health as
the underlying cause. That said, several behav-

ioral trials have been conducted in several coun-
tries around the world in the last 10 years, adding
significant knowledge to the literature related to
the importance of behavior change in improving
oral health outcomes. The field is an exciting one,
albeit a still nascent one. Oral health and behav-
ior are inseparable, and the behavioral side
deserves our best efforts—including completion
of the foundational and translational work that
will create better RCTs of behavioral interven-
tions in the future.

12.6 Case Scenario Exercise

12.6.1 Case Scenario

Description of the case: An oral health dis-
parities research center focusing on
early childhood caries prevention in a
low-income, rural Hispanic community
is implementing a Randomized
Controlled Trial (RCT) to test the effi-
cacy of MI on behavior change in young
mothers. The study participants are
recruited at community clinics and com-
munity events. The MI intervention is
delivered at 6, 12, and 18 months, with
an additional follow-up period of
2 years. You are part of a Community
Advisory Board (CAB) that advocates
for the community and advises study
investigators on recruitment and reten-
tion strategies, and other study
procedures.

Situation: During a CAB meeting with the
study investigators and the research
team, the team describes the challenges
in recruiting and retaining participants
in the study.
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Challenges Faced in the Implementation
of the RCT

Recruitment

» Participants who miss their initial study
enrollment appointments cause delays
in completing recruitment for the study.

e Lack of reliable transportation and/or
disconnected phone service cause delays
in contacting potential participants.

Retention

e Missed appointment: Parents miss
scheduled appointments for a variety of
reasons, including conflicting work
schedules, lack of childcare for other
children, or providing care for other
children in the family.

e Transience: Participants move fre-
quently, making it difficult for staff to
keep track of them over time.

e Disconnected/nonfunctioning ~ phone
service: Many participants do not have
landline service, relying instead on pre-
paid cellular service which often
changes or becomes disconnected.

e Transportation: Although the study
provides respondent compensation for
participation, three participants this
past week expressed difficulties get-
ting to the field office for the study
visit because of a lack of reliable
transportation.

 Staff retention: There is high turnover in
field study staff, which results in time
and effort spent training new staff, rather
than on recruitment and retention efforts
and data collection.

Questions

1. Discuss the strategies that might be used to
improve retention and recruitment in this
behavioral RCT.

Answers

1. The recruitment and retention strategies are
discussed in Sect. 12.3.8 of this chapter.
Respondent, or participant, compensation is
a critical element of recruiting that needs
special attention. Participants should be paid
reasonably for their time, yet payment should
not be so generous as to become a coercive
factor—or one that invites misrepresentation
on the part of potential participants. In mak-
ing decisions about appropriate payment,
however, the specific social and economic
characteristics of the community from which
the participants are drawn need to be taken
into consideration, and it may be up to the
investigators to provide review boards with
this information and an appropriate interpre-
tation. Respondent fatigue can also be
reduced by providing surveys on tablets or
computers, reducing the chance of missing
survey questions.

The retention of participants can be another
challenge with the potential loss of follow-up
data in longitudinal trials. The investigators
should keep the established community advi-
sory board informed about recruitment and
retention numbers. Community members are
always the best resource for discussing strate-
gies related to recruitment and retention; they
know best what works in their community and
can help investigators who may be “outsiders”
understand the culture of the community and
retain participants. The EC4 provided several
approaches used in the RCTs that improved
retention; some of these were paying for trans-
portation costs or meeting people at their
homes. They also learned to collect alternative
phone numbers at enrollment in order to con-
tact the participants, should they move or dis-
connect a phone line. It is good practice to
learn participants’ preferred methods for
being contacted; depending on circumstances,
telephone, texting and even social media may
be preferred.
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