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ABSTRACT

Resource-constrained areas, such as sub-
Saharan Africa, urgently need to make use
of cutting-edge methods for providing
dental treatment and research while making
the most of their limited resources. The
principles of clinical dental research (CDR)
and the enhancement of a translational
dental research (TDR) pipeline are not
widely used or taken into consideration,
even though a great deal of clinical dental
research has emerged in Africa using clinical

dental samples (or data) and conducted by
dental healthcare personnel. However,
many dental schools across the continent
do not have curriculum-integrated methods
that follow this idea. The continent's future
dentists urgently need to be prepared with
strong clinical dentistry research abilities in
anintegrated, systematic approach.

The correct definition of CDR, including its
scope and objectives, is crucial, as is the
reason for conducting this kind of study. In
the age of precision and omics-based
dentistry, it is also necessary to define
essential ideas in TDR, precision, and
personalized oral health (PPOH). As a result,
this study presents and discusses models
and an integrative implementation
framework for maximizing the use of TDR for
economical CDR in settings with restricted
resources. We also suggested using a CDR
and TDR model that integrates CDR, TDR,
and PPOH in a multiscale, systems-oriented
manner in dental research settings and
clinical dentistry practice settings.
Additionally, we suggested incorporating
these ideas into the undergraduate and
graduate dental programmes' pedagogical
curricula.

Cost- and labor-effective practices are
intended to be implemented using the
suggested integrated implementation
framework for CDR and TDR in resource-
constrained regions. Even yet, PPOH and
one health should be successfully included
into CDR and TDR in order to improve oral
health globally and reform oral health
systemsin Africa.
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INTRODUCTION

The fundamental phenomenon of scarcity
has plagued human civilizations since time
immemorial and is particularly relevant in an
anthropocentric post-COVID era.™ Two key
concurrent contributors to scarcity are
limited resources and unlimited needs and
wants.>® A setting in which the infinite
human needs are tempered by the finite
reality of the canonical factors of production
(such as land, labour, entrepreneurship, and
capital) always demands innovation,
investments, and plan for growth.”” Hence,
resource-constrained regions such as sub-
Saharan Africa urgently need to leverage
innovative approaches to dental care
provision and research, using scarce
resources.

Although so much clinical research has
emerged in Africa using clinical dental
samples/data; and carried out by dental
healthcare personnel with varying levels of
experience, the principles of clinical dental
research are seldom taught in a modular or
curriculum-integrated manner in many
academic dental schools on the continent.
To date, there is a dearth of papers (or
works) addressing the knowledge gap in the
best practices of clinical dental research
(CDR) for precision oral health, particularly
in low-and middle-income countries. A two-
part series on the research methodology in
dentistry was published with a focus on the
essential principles of and relevant
statistical approaches to dental research,
respectively®®. Though mainly focused on
dental research in India® and not explicitly
directed to CDR, the motivation for the
series was to improve knowledge in the field
of dental research. It attempted to bridge
the publication gaps arising from the paucity
of Indian dental research articles published
in scientific international peer reviewed
journals. The authors mentioned that there
is no specialty for dental research in India
and that research is only a systematic way
of reasoning, analyzing, and presenting

clinical findings from routine clinical
practice.’

Currently, the degree of integration of CDR
into mainstream biomedical research is low,
leading to siloed research processes, clinical
practice and education, to the detriment of
the healthcare providers, patients, and
policy makers.” Although CDR is not a well-
defined discipline in sub-Saharan Africa,
equipping future dental professionals on the
continent with robust clinical dental
research skills need to be implemented in a
systematized manner. In addition, emerging
precision oral health and systems biology
tools are essential to optimize dental
healthcare delivery in resource-constrained
settings.

It is important to know what exactly clinical
research should entail, and what the
purpose of carrying out research is in line
with Albert Einstein's quote; “If we knew
what we were doing, it wouldn't be called
research, would it?”, hence, dental research
needs to be carried out in a data-agnostic
manner. " ? This paper therefore aims to
describe the basic CDR workflow in
dentistry and in the process, describe key
concepts in translational research, systems
biology, and personalized medicine in the
context of precision oral health.

CLINICAL AND TRANSLATIONAL DENTAL
RESEARCH

Although clinicians in the field of dentistry
typically carry out research in various
recognized disciplines, the field of clinical
dental research lacks clear definition, as
compared to clinical research in medicine.
Hence, foundational principles for CDR
urgently need to be established in resource-
constrained settings. Be that as it may, these
principles need to be prescribed and
incorporated into the undergraduate and
postgraduate dental education curriculum
of institutionsinthese regions.
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DEFINITION OF CLINICAL RESEARCH

The National Cancer Institute (NCI)
dictionary defines clinical research as
“Research in which people, or data or
samples of tissue from people, are studied
to understand health and disease. Clinical
research helps to find new and better ways
to detect, diagnose, treat, and prevent
disease.”” and Clinical trials, which test new
treatments for a disease, natural history
studies, which collect health information to
understand how a disease develops and
progresses over time.” Most CDR in sub-
Saharan Africa generally follows (by
extension) many of the principles defined by
the NCI already, however there is a need to
define CDR and its parameters. One
problem to consider ab-initio is the index of
suspicion and distrust that people of African
origin have for participating in research. **
For instance, a study involving 176 adults at
University of Missouri, Kansas City (UMKCQ),
showed that African-Americans and
participants with lower levels of education
were likelier to be reluctant to participate in

dental clinical trials.” This situation requires
dental practitioners to focus on educating
colleagues and the general populace about
the benefits of CDR to society.

CLINICAL RESEARCH FIELD COVERAGE

Within the context of NCl's definition, clinical
research has a wide coverage and
application for a range of health fields that
are important to clinical practice. In addition
to clinical domains, other apparent public
health fields such as epidemiology,”
biostatistics,” decision science ** and health
policies *" # are also included. The basic
medical science fields of anatomy??,
biology*, pathology,”and chemistry ***” also
form key components of clinical research,
inter alia. Less apparent fields such as
artificial intelligence,”* human factors,” and
behavioral sciences, * * have also found
their place in the clinical research domain.
This list is not exhaustive but highlights
additional areas of CDR that can be
explored beyond the ambit of

epidemiological research approaches
currently available and practiced in
resource-limited regions. CDR needs to
expand into other realms of research to be
able to fulfil its mandate as a well-defined
discipline and this must translate into
teaching curriculum and clinical dental
practice. This approach will ensure that
newly trained dental professionals are well
equipped with the principles of CDR which
can bereadily translated into practice.

DEFINITION OF TRANSLATIONAL
RESEARCH

Translational research (TR) is often used
interchangeably with translational medicine,
clinical translation science, and bench-to-
bedside research among many
researchers® * TR involves the process by
which observations at the basic laboratory,
clinical practice and community levels are
converted to innovative interventions that
can improve individual and public health.
These interventions may include
therapeutic and diagnostic tools as well as
behavioral change practices and new
medical/surgical procedures.’® More
formally, TR has been described by the
National Center for Advancing Translational
Sciences (NCATS) as research that
promotes the advancement of knowledge
gleaned from laboratory bench to bedside
and then to the community along the basic
sciences research to population health
research continuum.”* Safety, efficacy and
efficiency of the intervention must be
ascertained at every level of the TR.*TRis a
representation of stages of research that
spans from the basic biological research
domain to clinical interventional research
that are geared at improving health at all
levels (individual and population health). In
fact, some scholar would consider wider
areas of translational medicine to include
knowledge transfer (translation)
dissemination, quality improvement and
health services research, as part included in
TR.**® Patient involvement is the most
critical feature of every stage of TR,**°
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although it permits stages to build evidence
in an incremental manner and hence may
take a unidirectional ** or a more nuanced,
integrated, non-linear approach.”” ** TR
improves the quality of CDR and it plays
crucial role in ensuring a reduction in
biomedical and dental research wastage™
(Figure1).

e R ) . —
Aﬂslatlonal Dental

Research

Figure 1. A proposed nonlinear model of translational
dental research (TDR) from basic laboratory
research (TO), through the T1-T4 phases which
translate from human to community implementation.
TDR improves the quality of clinical dental research
(CDR) and reduces wastage of limited resources
available for CDRin resource-constrained settings.

Faggion® discussed the importance of TR in
clinical dental procedures, and reviewed the
sequence and directionality of TR phases
(whether itis always from basic to clinical, or
vice versa); as well as the chronological
order in which these research are
published.” It was observed in this study
that TR principles were not well followed in
many CDRs, and that besides poor evidence
and lack of quality assurance, some studies
carried out human research before animal
research. It is thus paramount that oral
health professionals are familiar with the
normative sequence, nuances and
interdependence of CDR and TR in the era of
precision oral health. The next section is an
adaptive juxtaposition of the stages of TR
for CDR, thus proposing some guiding
principles for the proper practice of TR for
CDR in resource-constrained settings,
where wastage of scarce resources is
practically unaffordable.

THE TRANSLATIONAL DENTAL
RESEARCH MODEL

Previous models for translating basic
research have focused on advancement of
basic laboratory research to clinical
research and then to population level
research.”” *° This model was initially
effective in meeting important clinical needs
and bridging biomedical research gap using
investigative teams in these three domains.
It however became evident that operating in
these 3 separate structural domains
inadvertently resulted in functional research
silos and lack of collaborative and
multidisciplinary approaches to solving
fundamental clinical research problems.*
Hence, there is a pressing regional need for
"trans-disciplinarity", better communication,
and training of astute clinician-scientists to
improve TRin sub-Saharan Africa.

Then came the dispensation of sequential
TR that prescribes a bench-to-bedside-to-
community continuum for practicing TR.*
This model describes TR as occurring in four
distinct phases (viz, TO-T4) that connects
basic research to its ultimate translation into
the benefit of patients and the general
populace. T1 phase involves the potential
clinical translation of basic laboratory
research work (TO) to generate knowledge
in regards of a potential therapy or
intervention. This might include the
development of a novel drug for the
treatment of a condition, or a Phase 1 clinical
trial that seeks to assess the safety of such a
drug or intervention in a small population. ™
The T2 phase involves studies that seek to
investigate the efficacy of a novel
intervention or drug in a larger human
population, carried out under optimized
conditions (Phase 2); or a comparative
Phase 3 study between a novel drug and the
current standard of clinical practice.” Once
the efficacy of the intervention is
ascertained under a controlled clinical
setting, then the T3 translational workflow
phase requires the intervention to be moved
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out to a real-world setting (e.g., primary or
community health clinics) for
implementation.

Finally, T4 phase involves evaluation of the
population-level assessment of the public
health benefit of the new intervention and
potential to roll out programs and policies
based on the T4 TR.” The success of this
sequential TR model is dependent on
partnership and knowledge exchange
between scientists, clinicians, community,
and policy makers.”® The linearity
assumption also is a major drawback of this
model. A unidirectional flow creates a
restrictive feed-back loop that does not
leave much room for restructuring and
recalibrating of innovation along the TR
continuum. For example, clinical TR findings
at T1 or T2 may lead a clinician-scientist to
further investigations using a basic
laboratory research (TO) approach. The
interconnectedness of CDR and TDR
demands a TR-dependent value proposition
for improving CDR in resource-constrained
settings. Hence, it is being proposed in this
review that more attention be paid to
translational dental research (TDR) as we
transition into the era of precision oral health
and artificial-intelligence driven data
science.

Concerted efforts and intergovernmental
initiatives are needed in African dental
schools to improve knowledge of TDR and
its nexus with good CDR, to avoid wastage
and fragmented approaches at solving a
multifaceted complex problem. The good
news is that infrastructural capacities
already partially exist on the continent that
can be leveraged for building the routine
practice of TDR in African dental settings.
Despite the controversy, the advent of
natural language processing (NLP) chatbots
based on large language models such as the
OpenAl's ChatGPT, GPT-3.5 and -4 is
beginning to revolutionize medical
education and clinical practice. *** Dental
sciences and oral healthcare in Africa must

not miss out on the benefits of Al. *® Also, the
burgeoning omics field, virtualized
computing platforms, and big dental data
calls for a more nuanced way to envision
TDR. Beside pedagogical implementation of
a TDR-integrated curriculum both at
undergraduate and postgraduate levels,
early-stage oral health investigators and
junior faculty need to be orientated about
the nuances of TDR and its crucial
importance in the practice (and principles)
of precision oral health implementation in
resource-constrained settings.

PRECISION AND PERSONALIZED ORAL
HEALTH

Precision oral health has been described as
a data-driven, multifaceted, and
contemporary approach to oral healthcare
using individual characterization for patient
stratification, meaning that patients with
similar phenotypes are grouped together. >
® This approach can be described as one
that takes individual variations into careful
consideration. For example, in the African
context, the orthodox pathology diagnostic
pipeline involves patients' biopsied tissue
processing and staining with Hematoxylin
and Eosin, after which it would be viewed
under a microscope to obtain cellular and
histopathological patterns.®”® Despite
advances in many centers, this is what
obtains in many African countries. Precision
oral health indicates a multifaceted data-
driven approach to tease the molecular risk-
profile of patients apart for providing
customized treatment for patients based on
risk profiles, instead of using a “one-
size-fits-all” approach. Personalized
medicine is an approach to medicine that
employs information about an individual's
genes, proteins, and environmental
exposure to diagnose, treat and prevent
disease. *** This approach uses molecular
information to manage disease in an
individualized manner. This indicates that
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therapeutic options must not be limited to
one for all patients, but rather be stratified
for individuals and then molecularly profile
them before commencing treatment. This
approach, which has been widely practiced
in medicine and is beginning to find
applicationin oral health- birthing the field of
personalized oral health. *”" In a rapidly
evolving TDR and CDR landscape, it is
proposed that ancillary concepts such as
precision and personalized oral health
(PPOH) should be integrated in a systems-
oriented manner to achieve the optimal
benefit of TDR and CDR in resource-limited
settings (Figure 2).
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Figure 2. A proposed framework for Clinical Dental
Research (CDR) that has a central component of
Translational Dental Research (TDR) and Precision
and Personalized Oral Health (PPOH). This
framework benefits from ancillary tools such as
molecular dentistry and multiomics; emerging
artificial intelligence and data science tools;
virtualized could computing; and a integrated
pedagogical undergraduate and postgraduate
curriculum that provide dental training in CDR, TDR,
and PPOH. All must operate in a systems-oriented
manner and should be considerate to one health
principles.

The systems approach to TDR and CDR will
permit a multiscale and multidimensional
interrogation and understanding of oral
diseases in these settings. Systems-level
TDR should also dynamically permit PPOH
model representation in the abstract, reality
and virtual realms.” PPOH requires the
dynamic, temporal, interdisciplinary,
multiscale, integrated application of
complex biological systems, using large

scale quantification of the full complement
of biomoleculesin a system, from the atomic
level to the biosphere.” ™ In addition, there
are potential interactive overlaps between
human, animal, and environmental health,
resulting in the emerging field of “one
health” which potentially has application in
TDR and CDR.”” Indeed, there are glaring
interdependencies between the health of
humans and animals and the environment.
This key lesson is well illustrated by the
novel coronavirus-19 (COVID-19) pandemic,
which initially originated from an infected
bat before transmission to humans .”**
While the traditional TR pipeline emphasizes
the centrality of human involvement in its
definition, “** we envision a dynamic TDR
that incorporates an integrated systems
approach for a holistic delivery of dental
care using PPOH-considerate CDR, in the
era of precision oral health. It is also
imperative to incorporate this integrated
approach in redefining pedagogical
approaches in undergraduate and
postgraduate curriculum design. For
example, Linder and co-workers presented
an implementation model for a one health
course at Tuft University that converged
different faculties from several fields
including dental, medical, veterinary and
nutrition for undergraduate curriculum
design.” The success of their program and
the broad-based enlightenment of
undergraduate students on one health
concepts and implementation alludes to the
immense benefit of an integrated approach
in tackling multifaceted societal oral health
problems. Such a one health model can be
expanded for a systems-oriented and
holistic approach to TDR and CDR in Africa.

CONCLUSION AND RECOMMENDATIONS
The critical shortages of infrastructure and
research funding in resource-constrained
regions requires a strategic practice of cost-
effective TDR and CDR that harnesses the
benefits of PPOH, using a systems-oriented
approach. An important gap in knowledge
of how these concepts complement each
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other needs to be addressed among dental
health practitioners in sub-Saharan Africa
and other low-and-middle income countries
of the world. This would involve and
integrated TDR and CDR curriculum that
puts the emerging Al and data science
tools,” systems biology " and one health ”®
conceptinto consideration.

For the successful implementation of a
pragmatic CDR that is TDR-based in the
African setting, a carefully curated list of
interventions and recommendations that
will potentially improve the routine clinical
utility of molecular and omics dentistry in
Africa and other resource-constrained
settings, have been described elsewhere.**
* A study can only be as good as its study
design, hence, good CDR and TDR should
always be started from a well-crafted
research question using the FINER principle,
which emphasizes criteria such as feasible,
interesting, novel, ethical, and relevant. **¥
Close attention should also be paid to
careful data curation, collection and
processing plan that are instituted. Skill set
development is another vital ingredient,
hence the training of dentist-scientists and
dental research personnel is key.* This
would help the analytical implementation
and interpretation capacity of emerging oral
health big data generated on the African
continent.

Despite the extensive achievementin CDRin
many resource-constrained regions, more
work is still needed to bridge the dearth of
TDR and PPOH-oriented CDR work and the
chasm between oral health and general
health, which often leaves oral health out as
a global population health priority. ** Using
the proposed integrative implementation
framework for CDR and TDR in resource-
constrained regions of the world, it is hoped
that cost and labour effective practices will
be instituted and discussions on effective
incorporation of PPOH into clinical dental
healthcare delivery will be incorporated into
oral health policies and systems reform in
Africa.
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