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Abstract: Dental graduates of 2040 will face new and complex challenges. If they are to meet these challenges, dental schools
must develop a research and discovery mission that will equip graduates with the new knowledge required to function in a
modern health care environment. The dental practitioner of 2040 will place greater emphasis on risk assessment, disease preven-
tion, and health maintenance; and the emerging discipline of precision medicine and systems biology will revolutionize disease
diagnosis and reveal new targeted therapies. The dental graduate of 2040 will be expected to function effectively in a collabora-
tive, learning health care system and to understand the impact of health care policy on local, national, and global communities.
Emerging scientific fields such as big data analytics, stem cell biology, tissue engineering, and advanced biomimetics will impact
dental practice. Despite all the warning signs indicating how the changing scientific and heath care landscape will dramatically al-
ter dental education and dental practice, dental schools have yet to reconsider their research and educational priorities and clinical
practice objectives. Until dental schools and the practicing community come to grips with these challenges, this persistent attitude
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his article was written as part of the project

“Advancing Dental Education in the 21 Cen-

tury.” Since the Institute of Medicine report on
the future of dental education was published in 1995,
its recommendation to expand the research capacity
of dental schools has remained largely unfulfilled.!
Both the National Institutes of Health (NIH) and Na-
tional Institute of Dental and Craniofacial Research
(NIDCR) have expanded training programs for
future faculty and provided new research opportuni-
ties for dental schools. Yet, with a few exceptions,
most dental schools have failed to maximize these
opportunities.” As a result, most dental schools have
not adequately developed and supported the next
generation of dentist/clinician scientists capable of
competing for extramural research funding.

A number of factors contribute to this lack of
progress in expanding the research capacity of dental
schools. First, many dental school faculty members
are ill prepared to succeed in an increasingly com-
petitive research environment. This deficiency is due
not only to a lack of well-trained faculty members,
but also to the inability of most dental schools to
provide adequate resources needed to hire and sup-
port clinician-scientists. Another deficiency that
has contributed to the limited success in acquiring

extramural research support is that, with some ex-
ceptions,** schools provide inadequate mentoring
of promising junior faculty. Formal mentoring pro-
grams that better prepare faculty members to com-
pete for extramural research dollars can enhance the
success rate of new investigators. For example, the
University of Michigan Medical School’s R01 Boot
Camp is a rigorous mentored research program for
junior faculty members in which they are prepared
for the process of grantsmanship and peer review.
For those who participate in this program, the suc-
cess rate for individual awards approaches 50%—
significantly higher than the average success rate of
less than 20% for all investigators at that school. A
final reason is our perception that a number of dental
schools have either delayed implementation of or
reduced investment in their schools’ research and
discovery mission.

A steady decline in the number of dental school
faculty members successfully competing for research
funds was a disturbing trend reported in 2011.2 That
study found that, between 2005 and 2009, U.S.
dental schools received fewer than 50% of NIDCR
awards; and although 56 dental schools received NIH
grants, the majority of grant support was awarded to
only 12 of them. This imbalance suggests that only
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some schools were placing an emphasis on research
and that the result was an increasingly tiered level
of education among schools. A recent follow-up
study by Ferland et al. reported that, over a ten-year
period (2005-14), the NIH provided approximately
$2.2 billion dollars (from 20 of its institutes) to 56
dental schools, with the NIDCR being the largest
supporter ($1.5 billion) of projects at those institu-
tions.® That study reported that the NIDCR provided
92% of NIH support for research training and career
development. Despite this 10% net decrease in ex-
tramural research dollars by NIH and NIDCR and
a 30% total decrease when adjusted for inflation,
there has not been the projected steep decline in re-
search support to dental schools. Despite NIH’s and
NIDCR’s continued investment in research training
and investigator-initiated research, the number of
dental schools competing for a reduced pool of re-
search dollars has for all practical purposes remained
the same. With limited growth in training programs, it
is unlikely there will be sufficient numbers of dentist-
scientists able to contribute to the discovery science
that will transform future dental practice. While the
precipitous drop in funding to dental schools has
not materialized as once predicted, it is becoming
increasingly difficult for both new and established
dental schools to build and sustain research and
training programs.

If more rapid progress is to be made in ex-
panding the research capacity of dental schools
and increasing opportunities for training of dentist-
scientists, more dental schools need to develop
sustainable research and discovery missions. The
continued uncertainty in research funding and re-
search training has accelerated the risk of the dental
profession falling further behind its health science
peers. This risk jeopardizes dentistry’s ability to
embrace new areas of research, such as personalized
medicine, that will propel our profession into the
future.® By turning a blind eye to this unsettling
trend, we run the risk of losing our identity as a
science-driven health profession. The solutions are
obvious. Training programs for future faculty need
to be more rigorous, schools need to do a better
job of mentoring their faculty members, and dental
schools must make research and discovery a core
value. Dental schools must find ways to increase the
number of research-oriented faculty members and to
provide them with facilities, equipment, mentoring,
and an intellectual and collaborative environment
where they can thrive and mentor their students in
conducting research.”!°

Only when dental students come to appreciate
how research adds value to their education will they
truly understand how research translates into better
patient care. It is imperative that the drive for innova-
tion and creativity serves as a catalyst for initiating
new models of dental education. Indeed, generating
and analyzing the evidence that results from explor-
ing new models of education aimed at alleviating
the burden of inadequate care in underserved com-
munities, advancing oral health through innovative
policy initiatives, or exploring how interprofessional
practice can change the practice environment are
as important as the science conducted by the bench
researcher or clinical investigator. It is essential, and
should be self-evident, that dental schools need to
determine where they can best contribute not only
to the research mission of their own university, but
also to the advancement of the dental profession.

If dentistry is to remain a scientifically based
profession and a leader in oral health care, dental
schools need to consider whether integration with
the other health professions schools may provide for
amore sustainable future. Collaboration and sharing
of'academic resources among dental schools and the
other health professions offer ways to invest in new
scientific and patient care initiatives. Since many
of the newer dental schools may lack the resources
to develop a competitive research environment on
their own, it should be possible to develop part-
nerships with more established research-intensive
institutions where collaborative research and robust
faculty training and mentoring programs already
exist. Intra- and inter-institutional collaborations
provide unique opportunities to identify and expand
challenging research questions that address total
health. Our challenge is to break down existing
barriers and work on approaches that encourage
creative and productive interactions. Examples of
forward thinking interdisciplinary collaborations
involving medicine-engineering-dentistry are the
Wyss Institute for Biologically Inspired Engineering
at Harvard University and the Biointerfaces Institute
at the University of Michigan.

Research as Essential to
Dental Education and
Practice

Research innovation and scholarship have
long been core values of dentistry.'"!* Scientific
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advances inform dental practice by paving the way
for evidence-based decision making.'* Participation
in research also directly impacts a dental student’s
educational experience.'” At a minimum, research
engages a student’s intellectual curiosity and provides
an outlet for creativity. Most importantly, it deepens
a student’s understanding and appreciation for the
profession of dentistry and produces a practitioner
better able to critically assess and apply new knowl-
edge to dental practice.

As health care reform continues to evolve, the
rapidly changing landscape will have a major impact
on the practice of dentistry. Dentistry will need to
take a more prospective approach to health care.!>!
As new technologies evolve to facilitate diagnosis,
dental schools will be expected to provide students
with the most up-to-date knowledge and skills needed
to focus their attention on disease risk, predict disease
onset with accuracy and reliability, and intervene
early to halt disease progression.'” By integrating re-
search and discovery into dental school curricula and
by providing students with opportunities to directly
participate in research, dental schools will prepare
practitioners who will remain relevant and up-to-date
in their knowledge and be better prepared to meet the
challenges of the evolving health care environment.

With expanding curricula and continued
financial constraints, Emrick and Gullard found
that research opportunities for predoctoral dental
students were becoming increasingly limited and
were in danger of becoming a mere luxury at many
schools.!® This trend threatens the long-held view
that research and scholarship have inherent value
in dental education and are integral to advancing
dental practice.”* Moreover, in our experience, stu-
dents who are given the opportunity to engage in a
meaningful research experience are likely to have
greater analytical skills and a greater appreciation
for the role of scientific evidence in dental practice.
A survey conducted by the American Association for
Dental Research (AADR) National Student Research
Group, designed to evaluate dental students’ attitudes
about research and scholarship and the barriers they
face in accessing scholarly opportunities, identified
several concerns.'” That study found a major obstacle
to research participation was the lack of sufficient
time in the curriculum. Despite an increased em-
phasis on evidence-based practice, students reported
believing they were ill prepared in disciplines such
as biostatistics and research methodology and were
unprepared and/or lacked skills in critical thinking
to evaluate and assess the value of the science that

underpins decision making in their profession. The
expectation for research conducted by students and
faculty is outlined in Standard 6 of the Commission
on Dental Accreditation (CODA) standards: “Den-
tal education programs must provide opportunities,
encourage, and support student participation in
research and other scholarly activities mentored by
faculty.”'® Unfortunately, the breadth and quality of
research experiences are not stipulated in the stan-
dard, nor are specific outcome measures defined. As
resources shrink, leaders of dental schools must make
difficult choices and manage competing interests.
Infrastructure availability and high costs of maintain-
ing contemporary research space can be prohibitive
for schools that wish to develop new or expand
existing research programs. As we migrate toward a
more collaborative care environment, dental schools
must capitalize on opportunities to reduce costs and
maximize resources while improving the health of
their patients. A similar collaborative approach is
long overdue in the research community.

In light of the rapidly changing science and
health care environment, dental education needs to
be constantly adaptive. Perhaps a greater emphasis on
collaborative, interdisciplinary learning may prompt
dental schools to take a more progressive approach
to health science education and practice. Just as
experiential learning in community-based settings
enhances a student’s understanding and appreciation
of the environmental and psychosocial experiences
and social determinants of oral heath, one could make
a similar argument that participation in research and
scholarship by students is a valuable experiential
learning opportunity.

The question at hand is not whether research
and discovery are important to the future of the
profession, but, rather, will dental schools be the
place where the new knowledge is created?!! If
dental schools are unwilling or unable to meet this
responsibility, the profession they serve runs the
risk of reverting to its apprentice-based origins
and mortgaging its future to other health care dis-
ciplines that may not have the best interests of the
dental profession in mind.*® A revisionist stance and
the de facto policies that support this alternative
future represent the biggest threat to dentistry as
a profession. If we believe research and discovery
are integral to the culture of dental education and
the dental profession, it is imperative that all dental
schools embrace research as a core value in a mean-
ingful and tangible way. Abraham Flexner—who,
like William Gies, advocated for the integration of
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medical and dental schools within the university
environment—was of the opinion that research and
teaching should be inseparable because the approach
of the investigator and the clinician-teacher should
be the same."*?! Indeed, dental students who are not
given a research experience are not likely to gain an
explicit appreciation of emerging clinical evidence,
developing technologies, and promising therapies
that will advance the practice of dentistry.

Personalized Oral Health
Care and Precision
Medicine

As health care reform evolves, the health care
system will shift its focus from disease management
to disease prevention and health promotion.?*2
This system of care encourages interprofessional
education and high-value collaborative care.”**' By
embracing this forward-thinking model of care, the
dental profession could, and should, focus more on
the management of oral health, accelerate the search
for reliable biomarkers of risk assessment, and de-
velop innovative diagnostic and interventional strate-
gies designed to minimize disease progression.'>*
For many communities, access to care continues to
be limited; and often when care is delivered, it is
sporadic, uncoordinated, and fragmented.?***3! The
emphasis on oral hygiene education and the use of
fluoride and dental sealants notwithstanding, our
current system of dental care largely focuses on re-
storative care and chronic disease management.!'64%
Although the current reductionist approach to dental
practice has proven helpful in managing infectious
diseases such as dental caries, it has been far less ef-
fective in managing more complex chronic diseases
such as periodontal disease.** This limitation is due
in part to an oversimplification of the disease process
and tendency to discount the impact of genetics,
culture, lifestyle choices, and environmental influ-
ences on health. As a consequence, optimal health is
often viewed as the absence of disease rather than the
result of a personalized plan that focuses on health
maintenance.*

Humans’ genetic makeup, environment and
lifestyle choices, and the availability of care are
factors that determine risk for disease; and what is
missing in today’s health care environment and edu-
cational systems are personalized plans for disease

prevention and health promotion—plans that focus
more on risk assessment and early intervention than
on treatment.'622-2629313335 Tt g essential that dental
schools prepare graduates to be successful providers
in this new health care environment.

Providing patients with the right care at the
right time that results in a measurable improvement
in health outcomes at a lower cost will define per-
sonalized oral health care.?* Achieving this outcome
will require a very different approach to care, in
which providers are incentivized and reimbursed
for preventing disease and helping patients develop
personal plans for achieving optimal oral health. In
such a system, oral health care professionals would be
managing care delivered by an increasingly diverse
workforce, and workforce innovations will focus
more on disease prevention.***° Such examples exist
in the modern practice of medicine with the expanded
use of physician assistants and nurse practitioners.
Although mid-level dental providers are being trained
in Alaska and Minnesota, and the dental nurse model
is in place in New Zealand, the dental profession in
the U.S. seems to have been generally resistant to
exploring similar alternative workforce models. Oral
health care professionals would also be expected to
participate in promoting health literacy and partner-
ship with patients in the provision of their care.?’*!
Oral health care professionals would also need to
have a deeper knowledge of the complex interplay
among factors that both determine health and lead to
chronic disease. To be successful in this new health
care environment, oral health care professionals
would need to be conversant with the emerging sci-
ences of genomic medicine, bio- and health informat-
ics, and health policy and to be knowledgeable about
the power and limitation of the emerging “omics”
technologies.*>* This will require greater exposure
to general medicine in dental curricula.'”** Contrary
to the trends that will define future health care, the
current trajectory of dental education, from our per-
spective, continues its primary focus on restorative
care and a practice environment that is detached and
isolated from the other health professions.

Collaborative care teams are expected to be
an important feature of the personalized health care
environment, and dentists will be expected to em-
brace their health professions colleagues in settings
that are both challenging and exciting.'®3!4-%¢ To
successfully train future members of a health care
team, health professions schools will need to imple-
ment interprofessional competencies that embrace all
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health professions and that are driven by individual
patient needs and communities of interest. These
competencies will require continuous assessment
to fine-tune and shape educational and practice
setting outcomes. Ongoing evaluation of existing
knowledge domains and competencies will require
the development of a progressive educational agenda
that strengthens scholarship and promote innovation.
Health professions schools and accrediting agencies
will need to embrace common standards that support
interprofessional education and new models of col-
laborative care. These core competencies will inform
credentialing bodies in defining appropriate content
to develop credentialing standards for collaborative
practice. It is becoming increasingly clear that the
siloed approach to health professions education and
practice will have a diminished role in the future.’’

In the future, oral health professionals will
use genomic data to assess risk to determine how
best to help their patients make informed decisions
about their care. While there are a number of single
gene disorders that affect the orofacial structures,
as genomic medicine continues to evolve, a more
complex genetic basis for the most common dental
diseases will no doubt be revealed.”®% As for all
health-related disciplines, educating oral health
professionals about general medicine, genetics, and
genomics will be essential for the informed clinical
practitioner. Although medical school curricula are
placing increased emphasis on the genetics basis
of disease, studies in the United States and Europe
have found dental professionals to be deficient in
their knowledge of genetics and genomic medicine
when compared to other health care professionals.®7
While most dentists may believe that genomic medi-
cine is peripheral and beyond their scope of practice,
the ability to understand the power and limitations
of genetic testing and the importance of individual
genetic polymorphisms will in the future be an
important part of the oral health professional’s tool
box.%*¢7! Future dental practitioners will only be
viewed as valued partners in a personalized health
care environment when dental education places a
greater emphasis on evidence-based disease preven-
tion risk assessment and personalized care.

Health policy is another knowledge domain that
will be necessary for dental practitioners to effec-
tively navigate the emerging personalized oral health
care environment. A number of medical schools have
developed programs to educate physicians about the
impact of health care systems and the economics of

health care on health policy.”*”* The need for future
dentists to have an understanding of the values and
importance of comparative and cost-effectiveness
research and evidence-based practice will require that
dental schools develop instruction in this domain. If
personalized oral health care is to have a meaningful
impact on the oral health of patients, dental schools
must embrace these new educational initiatives.

William Gies and Abraham Flexner had a
profound impact on the education of dentists and
physicians, respectively.'>?" Their influence on the
standardization of curricula, emphasis on scientific
rigor, and insistence on academic integrity formed—
and continues to form—the cornerstone of modern
health professions curricula. If dental students are ex-
pected to compete successfully in the coming health
care environment and be productive members of an
integrated health care team, several important ele-
ments in curriculum development must be taken into
consideration.'”’® The emerging prospective health
care environment will provide enormous opportuni-
ties for innovation. The exploration of new academic
partnerships with the other health professions will
enable future dental practitioners to deliver the high-
est quality, patient-centered oral health care to an
increasingly diverse patient population. While each
of the professions will have its discipline-specific
competencies and coursework, there will also be a
significant investment in developing a shared edu-
cational environment. This investment will extend
to collaborative practice experiences and serve as a
model for the “health home.”

To meet these objectives, it will also be neces-
sary to recast traditional dental educational programs
and consider developing alternative career paths that
enable students to assume important leadership roles
in public health, public policy, research, and com-
munity service. This emphasis on alternative career
pathways, along with adoption of new knowledge
domains and the reintegration of dental education
with medicine, will produce dental graduates more
capable of managing health in a more collaborative
setting and ones who will be instrumental in lead-
ing this change. The continued artificial separation
of dentistry from medicine and the lack of value
placed on oral health have imposed significant costs
on the health care system and society. Indeed, closer
integration of oral and general health at the level of
education, research, and patient care may well result
in greater efficiencies, lower costs, and improved
patient outcomes.”’
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Global Oral Health

As globalization of health care becomes a
reality, dental schools need to provide dental stu-
dents with a deeper understanding of the scope of
untreated oral disease and lack of access to care in
the developing world.”®*' Recently, the FDI World
Dental Federation, World Health Organization
(WHO), and International Association for Dental
Research (IADR) outlined a series of goals for the
year 2020 aimed at minimizing the impact of oral and
craniofacial disease while promoting oral health in
populations with the greatest burden of such condi-
tions.3" Another objective was to minimize the impact
of oral and craniofacial manifestations of systemic
disease in individuals and society and to focus more
on early diagnosis and prevention to more effectively
manage systemic disease.”

In the second edition of the Oral Health Atlas,
epidemiological data revealed serious gaps in treating
major oral diseases, particularly in low- and middle-
income countries, and the overall awareness of oral
diseases among policymakers was for the most part
low.”® Existing interventions to prevent and control
oral diseases were found to often be regarded as an
expendable luxury, rather than a human right. In ad-
dition to the important advocacy roles dental schools
play in support of efforts to improve the health of
global communities, dental schools must play a lead-
ing role in educating students in global health policy
issues. The profession can no longer ignore the global
burden of oral disease that remains unattended to and
continues to receive minimal resources for surveil-
lance, prevention, care, and research. According
to the FDI World Dental Federation, more than 4
billion people worldwide suffer from oral diseases,
generating an enormous health and economic burden.
It is only through continued research and training of
future professionals to be leaders in global health
that the necessary policy-based decisions will be
crafted that will improve the health of patients in
underserved communities.

It is imperative that dental schools promote,
coordinate, and support the full range of basic, clini-
cal, and translational research in global oral health
if we hope to reduce the burden of disease in devel-
oping communities. The TADR Global Oral Health
Inequalities Research Agenda identified research
priorities designed to reduce oral health disparities
worldwide.*® Dental schools should position them-
selves as integral to the global health care community

in order to prepare graduates who believe it is their
responsibility to reduce the burden of oral disease in
the increasingly connected global community.

Emerging Research
Opportunities

Big Data Analytics

The need to analyze and synthesize large
data sets has been appreciated for many years. 3%
However, it has only been within the last decade
that what is called “big data” has received much-
needed attention in the health care sector.?>%*7 Big
data analytics have not only increased the speed and
efficiency of retrieving information, but also made it
possible to instantaneously reveal trends and novel
insights. Securing, handling, and analyzing big data
sets are fundamental to the advancement of the health
care industry. It is also clear that assessing such data
will provide a rich source for research to improve
efficiencies in health care delivery and patient care.
Patient records, health plans, insurance information,
and other types of data can be difficult to manage,
but are full of key insights once analytics are applied.
By rapidly analyzing large amounts of information,
health care providers can provide life-saving diagno-
ses or treatment options in near real time.

The rapid development of information technol-
ogy and its integration into the health care industry
have the potential to revolutionize the patient care
environment and the education of health care provid-
ers.®% A good example of the application of analyt-
ics is the development of the learning health care
system.”*** This interconnected system is informed
by new evidence-based practice through clinical
research, data analytics, modern information tech-
nology, and bioinformatics. As the personalized oral
health care environment advances, it will become
more complex, and providers will be increasingly
judged by patients on their ability to rapidly adopt and
implement best practices. When dentistry embraces a
learning health care system, we can expect to realize
an enhanced quality of oral health care, increased
efficiencies, and better cost containment.

Systems Biology

Systems biology is a holistic approach to un-
derstanding the complexity of biological systems. It
employs coordinated strategies that combine compu-
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tational and mathematical modeling to understand the
complex networks that regulate cellular, organ, and
systemic behavior.”>*” Systems biology is a pivotal
feature of personalized medicine through its ability
to analyze complex data and consolidate knowledge
into definable networks.”® With the power of systems
biology and the essential analysis of the big data
sets it generates, it should be possible to leverage
recent advances in technology to reveal biomark-
ers that will redefine disease diagnosis, etiology,
and pathogenesis, patterns of disease risk, and new
targeted therapies. Systems biology approaches have
the potential to more rapidly implement more cost
effective clinical trials and hasten the introduction
of new therapies into the clinic.”'® For complex
diseases such as cancer, the genomic alterations,
dysregulated metabolic pathways, and short-circuited
signaling networks make it essentially impossible to
identify a single reliable therapeutic target. A systems
approach, however, enables a more rational method
of integrating information, separating true disease
drivers from noise, and identifying therapeutic can-
didates that can be manipulated.®®!°!-1%3

Tissue Engineering, Stem Cell
Biology, Advanced Biomaterials

Stem cell biology, advanced material design,
and tissue engineering are examples of new scientific
initiatives that will impact the future of health care.
The objective of tissue engineering (TE) and stem
cell biology (SCB) is to replace or regenerate dam-
aged or congenitally missing tissues by combining
undifferentiated or preprogrammed stem cells with
highly porous scaffolds to guide the growth of new
tissues.!1% In addition, this strategy can serve
as a delivery system for growth factors, adhesion
molecules, and cytokines.*>19519%1% This approach
has wide application in a variety of settings in
dentistry.'%1% In addition to replacing damaged or
missing tissue or organs, the convergence of these
fields will play an important role in developing a
deeper understanding of tissue and organ regenera-
tion and lead to innovative approaches to tissue and
organ replacement.'!%!* Finally, the use of scaffolds
as delivery systems for therapeutic drugs or genes
may provide a more stable and effective approach to
allow sustained and controlled release of therapeutic
agents.'"

Among the most exciting areas in dental bio-
materials is the application of nanotechnology to the
detection, diagnosis, and treatment of disease.!'*!"°

For example, silver base nanoparticles have been
found to be effective against biofilms.'?%!22 Follow-
ing binding to proteoglycans inside bacterial cells,
the silver ions interact with sulthydryl groups and
interfere with DNA synthesis.!"” Zinc, which has
been used in dental cements, has anti-bacterial effects
that are enhanced when present in nanoparticles. The
antibacterial effect of zinc nanoparticles may be at-
tributed to their interaction with the bacterial cell wall
of several species and their ability to induce oxidative
stress and generated reactive oxygen species.!?12
Other examples of antibacterial nanoparticles in-
clude titanium dioxide-based nanoparticles that
cause oxidative death, copper-based nanoparticles
that may alter protein synthesis although the precise
mechanism of action is unclear, and quaternary am-
monium nanoparticles that have promise as a delivery
platform for selective controlled drug delivery.!?6-128
Lastly, quantum dots and nanocomposites have
improved mechanical strength, color density, lower
polymerization shrinkage, and overall improvement
in adherence to dental tissues.'”

Other emerging technology such as robotics,
3-D printing, advanced imaging, telemedicine, and
remote care will no doubt find their way into dental
practice. To make this a reality, however, all dental
schools must make research, innovation, and collabo-
ration an even larger part of the modern educational
experience, and we should be working to lessen the
role of the often-outdated textbook. With the extraor-
dinary amounts of data available to us, it would be
wiser to teach students the skills to find, critically
analyze, and synthesize complex data rather than sim-
ply memorizing facts. It is only through an expanded
interdisciplinary and transdisciplinary research effort
that these seemingly impossible ideas can become the
reality of tomorrow’s health care norm.

Conclusion

The dental graduate of 2040 will face new and
complex challenges. Chief among them will be the
rapidly changing scientific landscape and the impact
it will have on dental education and the practice en-
vironment. Several predicted outcomes and potential
solutions are outlined in this article. From precision
medicine to the learning health care system to global
health care to the daily use of advanced technologies,
all represent major challenges to our current dental
education programs and practice environments.
Despite all the warning signs indicating how the
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changing scientific and heath care landscape will
dramatically affect dental education and the dental
profession, there is little evidence that dental schools
are reconsidering their research and educational pri-
orities and clinical practice objectives. Until dental
educators and the practicing community come to
grips with these challenges, this persistent attitude of
complacency will likely be at the dental profession’s
peril. We are at a tipping point in the oral health sci-
ences, dental education, and dental practice. While we
search for solutions to current and future challenges,
economic uncertainty continues to limit research dol-
lars that we desperately need to invest in our future.
Dental education must continue to search for a new
direction in a health care environment that is uncer-
tain and unpredictable. If there was ever a time for
courageous, innovative leadership, the time is now.
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