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Expanding the Foundation for 
Personalized Medicine: Implications 
and Challenges for Dentistry

CRITICAL REVIEWS IN ORAL BIOLOGY & MEDICINE

Abstract: Personalized medicine aims 
to individualize care based on a per-
son’s unique genetic, environmental, 
and clinical profile. Dentists and phy-
sicians have long recognized varia-
tions between and among patients, 
and have customized care based on 
each individual’s health history, envi-
ronment, and behavior. However, the 
sequencing of the human genome in 
2003 and breakthroughs in regenera-
tive medicine, imaging, and computer 
science redefined “personalized medi-
cine” as clinical care that takes advan-
tage of new molecular tools to facili-
tate highly precise health care based on 
an individual’s unique genomic and 
molecular characteristics. Major invest-
ments in science bring a new urgency 
toward realizing the promise of per-
sonalized medicine; yet, many chal-
lenges stand in the way. In this article, 
we present an overview of the oppor-
tunities and challenges that influence 
the oral health community’s full partic-
ipation in personalized medicine. We 
highlight selected research advances 
that are solidifying the foundation of 
personalized oral health care, elabo-
rate on their impact on dentistry, and 
explore obstacles toward their adoption 
into practice. It is our view that now is 
the time for oral health professionals, 

educators, students, researchers, and 
patients to engage fully in preparations 
for the arrival of personalized med-
icine as a means to provide quality, 
customized, and effective oral health 
care for all.
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Introduction: A New Era 
for Biomedicine

In 2000, and referring to the recent 
completion of the working draft of the 
Human Genome Project, President Bill 
Clinton pondered whether one day “our 
children’s children will know the term 
‘cancer’ only as a constellation of stars”. 
He and others forecast the remarkable 
biological lessons to be learned from 
genomic approaches to targeting and 
treating human diseases (US Department 
of Energy, 2000). More than 13 years 
later, although we have not eradicated 
cancer, it can be said that we have 
re-defined malignancy as a constellation 
of different diseases with their own 
genomic signatures. Many predictions 
about the profound impact of the Human 

Genome Project have indeed come true. 
Among them are an increased use of 
genetic medicine and genetic tests for 
diagnosis and treatment, routine use of 
pre-implantation genetics, and a United 
States ban on genetic discrimination that 
opens doors for the safe and equitable 
application of genomic knowledge to 
human health (Collins, 2010).

Personalized medicine aims to individ-
ualize care based on a person’s unique 
genetic, environmental, and clinical pro-
file. Dentists and physicians have long 
recognized variations between and 
among patients and have provided cus-
tomized care based on the many bio-
logical and behavioral components that 
shape individual health (Fackler and 
McGuire, 2009). In this sense, for many 
years, personalized medicine has been 
the embodiment of good clinical care. 
However, the availability of new molec-
ular tools provides researchers—and, 
increasingly, clinicians—with a means to 
view health with a higher level of resolu-
tion provided by personal genomic and 
other molecularly based data.

At this juncture, perhaps the area of 
greatest growth is in the field of tar-
geted oncology diagnostics and therapies 
based on the molecular classification of 
underlying pathology. US Food and Drug 
Administration (FDA)-approved drugs in 
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this arena include signal transduction inhib-
itors such as imatinib, trastuzumab, gefi-
tinib, and erlotinib, which display greater 
selectivity for cancer cells, thus reducing 
adverse side-effects and improving qual-
ity of life (Hoelder et al., 2012). In general, 
molecular diagnoses and targeted therapies 
are improving survival among patients with 
melanoma, leukemia, and metastatic lung, 
breast, and brain cancers (Personalized 
Medicine Coalition, 2010).

Significant investments in both the 
public and private sectors have fueled 
this progress. During the past decade, 
the number of personalized medicines 
being used in the United States has 
steadily increased from only a few in 
2001 to several dozen in 2011 (Cohen, 
2012). According to a 2010 report from 
the Tufts Center for the Study of Drug 
Development, nearly half of the compa-
nies surveyed have personalized medi-
cines under development as potential ther-
apies for a range of indications including 
not only cancer, but also cardiovascu-
lar disease and immunological conditions 
(Milne, 2010). Toward more broad-based 
clinical adoption, approximately 10% 
of FDA-approved product labels either 
directly recommend molecular or genetic 
testing or note the potential influence of 
genetic variations on optimal treatment 
(Frueh et al., 2008; US FDA, 2012).

Expanding the Foundation for 
Personalized Oral Health Care

The United States Federal Government 
continues to invest in infrastructure to 
clarify relationships between genomics 
and targeted therapies. For example, 
the National Institutes of Health (NIH) 
supports the Encyclopedia of DNA 
Elements (ENCODE) project, which 
aims to identify all functional elements 
in the human genome (ENCODE, 2007). 
To date, ENCODE has mapped regions 
of transcription, transcription-factor 
association, chromatin structure, and 
histone modification. These studies have 
enabled scientists to assign biochemical 
functions to 80% of the human genome 
and have recently highlighted a previously 
unappreciated but significant role for non-
coding RNA (ENCODE, 2012).

The NIH-funded Epigenomics Program 
focuses on mapping and understanding 
the potential function of DNA modifica-
tions and protein complexes associated 
with these processes. Epigenomic maps 
have been overlaid with genetic informa-
tion associated with various diseases, and 
the maps are freely available to the sci-
entific community through the National 
Center for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/epige 
nomics). Finally, the NIH-supported 
Therapeutics for Rare and Neglected 
Diseases (TRND) program develops new 
candidate drugs for rare and neglected 
diseases, aiming to bridge the gap 
between discovery science and the test-
ing of new drugs in humans. The TRND 
program also plays a role in the sub- 
classification of selected common dis-
eases, toward uncovering new therapies.

The most undeveloped aspect of per-
sonalized medicine is the integration of 
genomic information with clinical and 
physical examination data. To that end, 
the NIH’s Electronic Medical Records and 
Genomics (eMERGE) network seeks to 
develop and apply approaches to test 
whether electronic medical record sys-
tems can serve as resources for complex 
genomic analyses of disease and thera-
peutic outcomes (McCarty et al., 2011). 
Currently, there are no oral, dental, or 
craniofacial primary phenotypes under 
study within the eMERGE network, high-
lighting a significant future opportunity.

Most oral, dental, and craniofacial dis-
eases and disorders, such as dental caries, 
periodontal diseases, oral and pharyngeal 
cancers, chronic orofacial pain, and cleft 
lip/cleft palate, arise from a complex inter-
action of genetic, biological, behavioral, 
and environmental factors. As our under-
standing of disease pathways, genomic 
interactions, and novel biomarkers of oral 
conditions continues to increase, so does 
the possibility of using high-throughput 
‘omics’ approaches to assess risk, prevent 
disease, and guide treatment (Fig.). In cer-
tain areas, we are seeing how research is 
uncovering molecular targets and guiding 
new customized therapies. From selected 
examples, presented below, we can get a 
glimpse of the extraordinary promise of 
personalized oral health care.

Head and Neck Squamous 
Cell Carcinoma

Head and neck squamous cell 
carcinoma (HNSCC) is a disease with 
complex gene alterations that either 
shut down or amplify regulatory signals 
within a cell, accelerating cell growth 
and giving rise to tumors (Elferink and 
Resto, 2011; Rothenberg and Ellisen, 
2012). Current treatment options for 
head and neck cancer include surgery 
and cytotoxic therapies, often resulting 
in drastically reduced quality of life. 
Better understanding of the biological 
heterogeneity of head and neck cancer 
will help customize treatment and 
optimize outcomes for this malignancy, 
whose 60% five-year survival rate is the 
4th lowest among the 10 leading types of 
cancer in the United States (Siegel et al., 
2012).

Cancer management has long focused 
on customizing care based on tumor 
stage, subtype, and histology. Now, 
knowledge emerging from genomics 
allows for a more refined tumor classifi-
cation based on signaling pathways that 
can be targeted more precisely. Recent 
findings offer the possibility of reclassify-
ing HNSCC tumors based on their unique 
molecular features. Molecular techniques 
are helping to predict which lesions are 
likely to undergo malignant conversion 
through a better understanding of a wide 
range of proteins and transcription fac-
tors that participate in the epithelial-to-
mesenchymal transition in squamous cell 
carcinoma (Scanlon et al., 2013). Earlier 
detection of HNSCC may soon be possi-
ble through the identification of specific 
salivary proteins or DNA abnormalities 
in pre-cancerous buccal mucosal cells. 
Nano-sized biochip sensors are currently 
being tested for their utility to analyze 
oral cancer biomarkers with high sensitiv-
ity and specificity (Weigum et al., 2010).

The NIDCR-funded, highly collabora-
tive Oral Cancer Genome Project (OCGP) 
is guiding the shift toward individual-
ized oral cancer treatment by defining 
genetic changes that drive the develop-
ment of HNSCC at high-resolution lev-
els that were not possible a few years 
ago. In its discovery phase, using next-



5S

JDR Clinical Research Supplementvol. 92 • suppl no. 1

generation sequencing, OCGP research-
ers identified dozens of distinct molec-
ular pathways, each driven by a unique 
acquired pattern of cancer-causing gene 
alterations associated with the develop-
ment of HNSCC. Using high-throughput 
exome sequencing, they noted altera-
tions in the NOTCH1 gene that deacti-
vate its encoded protein, suggesting that 
NOTCH1 may function as a tumor sup-
pressor gene rather than as an onco-
gene in HNSCC (Agrawal et al., 2011). 
Faulty NOTCH1 expression is involved in 
tumor formation in many types of cancer, 
including squamous cell carcinoma of 
the skin, but it had not been implicated 
in HNSCC. A better understanding of the 
role of NOTCH1 may provide insight for 
the treatment of HNSCC and a range of 

other malignancies. Many of the results 
of the discovery-phase research have 
been corroborated by a companion study 
(Stransky et al., 2011). This research has 
also confirmed that HNSCC tumors asso-
ciated with human papilloma virus infec-
tion have a genetic profile different from 
that of tumors in individuals with a his-
tory of tobacco use.

Among the reasons for the modest 
HNSCC survival rate is local relapse after 
primary tumor resection, which is estimated 
to occur in 10% to 30% of cases (Slootweg  
et al., 2002). Local recurrence even when sur-
gical margins have been designated “clean” 
is due presumably to the presence of malig-
nant cells that escape routine histopathology 
or by precancerous lesions near the tumor 
that are not successfully resected and later 

become malignant. Several approaches 
based on protein expression and nucleic 
acid analysis show promise toward more 
accurate prediction of patients at risk for 
local oral cancer recurrence (Braakhuis et 
al., 2010).

Molecularly targeted therapies have 
been developed and are being tested for 
use in HNSCC as well as in other can-
cers. Some examples include epidermal 
growth factor receptor (EGFR)-directed 
drugs, such as monoclonal blocking anti-
bodies (cetuximab) and EGFR-tyrosine 
kinase inhibitors (gefitinib, erlotinib, lapa-
tinib), which have been tested in clini-
cal trials, with outcomes currently under 
evaluation (Cassell and Grandis, 2010; 
Howard et al., 2012). Yet another line of 
investigation targets the Pl3K/AKT-mTOR 

Figure.
Accelerating personalized oral health care. 
Note: Adapted from Research Council (2011). Toward precision medicine: Building a knowledge network for biomedical research and a new taxonomy of disease.  
Washington DC: The National Academies Press.
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signaling pathway, which is frequently 
dysregulated in HNSCC. A clinical trial  
is under way to test whether the mTOR  
inhibitor sirolimus (also known  
as rapamycin) can decrease pre- 
surgical tumor size (Czerninski et al., 
2009; NIDCR, 2010).

Despite great progress and promise, we 
issue a cautionary note. Newly developed 
targeted therapies are not entirely with-
out side-effects, and they are also prone 
to the development of resistance and tox-
icity. These realities demand continued 
studies to refine therapies based on the 
molecular evolution of disease.

Management of Acute and 
Chronic Orofacial Pain

Increasing recognition of the potential 
use of pharmacogenomics toward safer 
and more effective dosing of drugs for 
conditions as diverse as depression, 
anxiety, coronary and peripheral artery 
disease, inflammatory bowel disease, and 
cancer points to exciting opportunities 
for the management of oral health 
conditions such as chronic orofacial 
pain. Particularly relevant to dentistry is 
the well-documented individual genetic 
variation in the cytochrome P (CYP) 450 
superfamily of enzymes involved in the 
metabolism and bioactivation of about 
half of all drugs. For instance, people 
with certain allelic variants in the CYP2D6 
gene are unable to convert codeine to 
morphine. As such, these individuals 
experience insufficient analgesia, yet they 
still endure many of the undesirable side-
effects associated with opioids (Desmeules 
et al., 1991). Conversely, individuals with 
multiple copies of CYP2D6 metabolize 
codeine extremely rapidly, putting them at 
risk for morphine intoxication (Gasche  
et al., 2004).

Variants in the CYP2E1 and OPRM1 
genes yield inter-individual differences 
in response to anesthetics, such as halo-
thane, isoflurane, and synthetic narcotic 
analgesics such as fentanyl (Eng et al., 
2012). Identifying and monitoring such 
individual genetic variation may enable 
dentists to customize peri-operative and 
post-operative pain management such 
that it is both safer and more effective. A 

clinical trial is now under way to estab-
lish the value of CYP2D6 and OPRM1 
testing for opioid treatment in patients 
with chronic back pain (NIH, 2012).

Genetic variation also plays a role in an 
individual’s perception of pain, poten-
tially offering clues about susceptibil-
ity to chronic orofacial pain conditions 
such as temporo-mandibular joint disor-
ders (TMD). Ongoing research is help-
ing to identify individuals most suscep-
tible to developing chronic TMD and 
those who would benefit from early 
treatment. To this end, the Orofacial 
Pain: Prospective Evaluation and Risk 
Assessment (OPPERA) study is the most 
comprehensive analysis to date of risk 
factors involved in the onset of oro-
facial pain conditions (Fillingim et al., 
2011). Initial results have revealed that 
TMD appears to be associated with alter-
ations in autonomic function and pain 
perception, along with genetic factors 
(Maixner et al., 2011). The findings con-
firmed existing associations for 2 genes, 
HTR2A and COMT, and uncovered new 
potential risk factors linked to NR3C1, 
CAMk4, CHRM2, IFRD1, and GRK5, genes 
known to influence stress response, psy-
chological well-being, and inflammation. 
Collectively, these gene alterations may 
represent important markers of TMD risk 
and, possibly, therapeutic intervention. 
The OPPERA effort provides a model 
approach for collaborative, interdisci-
plinary research. The study integrated 
genetic, psychosocial, and pain amplifica-
tion data into cluster analyses that iden-
tified a subset of variables that clinicians 
could incorporate into health-history 
questionnaires, allowing for sub-diagnosis 
of patients who show the most abnormal 
pain sensitivity and psychosocial profiles. 
While these results are not yet ready for 
clinical adoption, they provide important 
clues that dentists and other health care 
providers might use in combination with 
imaging and clinical findings to identify 
individuals most susceptible to TMD and 
related chronic pain conditions.

Oral Infectious Diseases

A personalized approach to managing 
oral infectious diseases is progressing 

quickly, based on the fruits of research 
investments. Such knowledge provides 
a brand new set of tactics for disease 
prevention. For example, genome 
sequences of several oral pathogens 
implicated in caries and periodontal 
diseases are now available, and 
researchers are discovering how oral 
bacterial cells attach to a surface and 
become established within a biofilm 
(Kolenbrander et al., 2002). Prevention 
strategies now include the development 
of small molecules aimed at blocking or 
weakening enzymes that enable bacteria 
associated with caries to form a biofilm 
or attach to the tooth surface (Liu et al., 
2011) and activating lipid mediators to 
dampen inflammation in periodontal 
diseases (Recchiuti and Serhan, 2012).

Advances in imaging are providing 
unique opportunities for better under-
standing of oral biofilm formation, orga-
nization, and composition: The knowl-
edge gained will inform the design 
of biofilm-manipulating therapies. 
Researchers have devised a new fluo-
rescent imaging system that successfully 
distinguished among 28 oral microbes 
within a single field of view, providing 
spatial analysis in 3 dimensions (Valm 
et al., 2011). We can envision that, with 
advances in these and other technologies, 
dentists will be able to non-invasively 
visualize the microbial communities in 
an individual’s mouth, guiding real-time 
diagnosis and treatment decisions.

The Human Microbiome Project (HMP), 
an NIH-funded consortium represent-
ing nearly 80 universities and institu-
tions, is laying the foundation for efforts 
to determine how complex communities 
of microbes interact in the human body 
to influence health and disease. The con-
sortium has characterized the microbial 
communities at 18 body sites, including 
9 sites in the oral cavity. More than 200 
healthy volunteers have been character-
ized by 16S rRNA gene sequencing,  
and the project has generated nearly 1,000 
reference genomes from human- 
associated micro-organisms. In a com-
plementary effort, NIDCR supported 
the Human Oral Microbiome Database 
(HOMD) to assemble data on the estimated 
1,000 predominant micro-organisms that 
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inhabit the oral cavity and adjacent tis-
sues. An analysis of 35,000 oral clone 
sequences revealed that roughly 35% 
originated from unnamed and uncultiva-
ble phylotypes (Chen et al., 2010). Efforts 
such as the HOMD open the door to the 
development of novel strategies to fur-
ther improve the prevention, diagnosis, 
and treatment of polymicrobial oral dis-
eases. In one example, researchers have 
leveraged the HOMD project to identify 
a new bacterial species, Scardovia wigg-
siae, associated with early childhood car-
ies. This micro-organism represents a 
potential pathogenic indicator of early 
childhood caries risk in young children 
(Tanner et al., 2011a). These and other 
findings demonstrating the presence of 
additional pathogens suggest that suc-
cessful treatment may require a change in 
microbiota as well as diet (Tanner et al., 
2011b).

Genome-wide association studies 
(GWAS) are a powerful set of approaches 
made possible by the marriage of human 
genome sequencing and high-speed 
computing. GWAS findings from dental 
caries investigations have identified sus-
ceptibility loci, and they have provided 
evidence that distinct genetic factors may 
depend on home fluoride exposure lev-
els (Shaffer et al., 2012). In one study, 2 
genes, TAS2R38 and TAS1R2, appear to 
mediate the sensation of taste (Wendell 
et al., 2010). Although preliminary, the 
results suggest that some individuals with 
variations in these genes may have a gus-
tatory predisposition to eat cariogenic 
foods, offering the potential to introduce 
genetic factors into risk-assessment algo-
rithms that also consider health history, 
oral hygiene, dietary practices, and other 
biologic and environmental risk factors.

Oral Biomarkers

The genomic era has generated a 
tremendous surge in interest in biomarker 
research and discovery. Biomarkers 
are measures of “normal biological 
processes, pathogenic processes, or 
pharmacologic responses to a therapeutic 
intervention” (Biomarkers Definitions 
Working Group, 2001). They are physical, 
functional, or biochemical indicators 

with a range of potential applications 
to clinical practice, including baseline 
risk assessment, disease prognosis, and 
treatment guidance. A comprehensive 
review of biomarker research is beyond 
the scope of this article and has been 
presented elsewhere (Castagnola et al., 
2011; Al Kawas et al., 2012). We provide 
a snapshot of particularly relevant 
developments germane to the interests of 
oral, dental, and craniofacial research and 
practice communities.

Saliva has long been recognized to have 
several advantages over blood as a diag-
nostic fluid. These include simple, non-
invasive collection; potential for lower 
testing costs; portability; and point-of-
care application (Malamud, 1992; Miller  
et al., 2010). NIDCR is supporting 
research to establish the foundation 
of oral-fluid-based diagnostics, toward 
broadening its technological capabili-
ties. Analysis of existing data supports 
the presence, in saliva and oral tissues, 
of disease-related proteins and RNAs 
for oral cancers (Weigum et al., 2010; 
Elashoff et al., 2012), cardiovascular dis-
ease (Floriano et al., 2009), Sjögren’s syn-
drome (Alevizos et al., 2011), and other 
conditions such as connective tissue dis-
orders and periodontal diseases (Miller  
et al., 2010; Malamud, 2011). In addition 
to these biomarkers, many other candidate 
biomarkers have been identified in saliva 
and oral tissues, including signaling path-
ways, enzymes, proteins, and cytokines. 
Further development and validation of 
oral biomarker approaches could facilitate 
improved pre-emptive care, more precise 
therapeutic approaches, and new methods 
to monitor treatment response.

Despite the fact that biomarkers hold 
great promise for oral health care, imple-
mentation into clinical practice remains a 
lengthy and expensive enterprise requir-
ing strong and creative collaborations 
among scientists, clinicians, and industry.  
The Biomarkers Consortium, a public-
private biomedical research partnership, 
was established to develop, validate, and 
qualify promising biomarkers (http://
www.biomarkersconsortium.org). Toward 
furthering the development, testing, and 
implementation of new biomarkers, other 
diagnostics, and novel drug development 

strategies, the NIH created the National 
Center for Advancing Translational 
Sciences (NCATS), which serves to facili-
tate translational research across the NIH 
and complement other public and private 
efforts (Collins, 2011).

Integrating Personalized 
Medicine into Dental Practice

The pursuit of personalized medicine 
has been likened to the construction of 
the national highway system in the United 
States after World War II, which, while 
providing necessary infrastructure for 
road travel, did not tell drivers where to 
go. Rather, the US highway system “built 
the roads and set the standards for safety” 
(Hamburg and Collins, 2010). The same 
holds true for personalized medicine: 
With required research infrastructure now 
largely in place, clinicians, patients, and 
researchers will all need to “travel the 
roads” before the promise of personalized 
medicine is fully realized.

Where will this scientific infrastructure 
take practicing dentists? Just as for  
evidence-based dentistry, or the emer-
gence of the Internet in the 1990s, some 
dentists will be early adopters, and oth-
ers will be more cautious to embrace a 
new approach. Early advances could ben-
efit dentistry in the near term, and timely 
identification of barriers to implementa-
tion will be important to accelerate prog-
ress. The NIDCR-supported National 
Practice-based Research Network (PBRN), 
an effort to link practicing dentists and 
scientists, presents an extraordinary 
opportunity to catalyze the adoption 
of new tools and technologies brought 
about by personalized health care.

More broadly speaking, multiple 
genomic medicine projects are being 
implemented in the United States, dem-
onstrating that personalized health care is 
achievable (Manolio et al., 2013). One of 
the barriers that impedes the clinical inte-
gration of genomics applies equally to 
medicine and dentistry: the skepticism by 
providers and payers of the added value 
of genomics to improve patient care. This 
reluctance is driven in part by the some-
what sparse evidence of clinical useful-
ness (Scheuner et al., 2008). Certainly, 
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public and private insurers will require 
robust evidence of the clinical and cost-
effectiveness of prognostic tests and per-
sonalized treatment approaches before 
endorsing these approaches in health 
care. Another challenge is the need to 
integrate genomic and proteomic pro-
files with clinical and health-history data, 
toward the development of decision- 
supported clinical tools. Still a work in 
progress in medicine, this area is even 
less mature in dentistry. Progress awaits 
considerable improvement of information 
technology systems that can enable den-
tal patient care and decision-making to 
be supported (Mendonça, 2004; Schleyer 
et al., 2012).

Challenges for the Future

In many ways, personalized medicine 
is indeed here, but many improvements 
are needed to validate its routine and 
effective use in oral health care. Current 
scientific and technological gaps include: 
definitive linkages between both 
biomarkers and genotypes and clinical 
outcomes; cost-effective and non-invasive 
imaging technologies for the detection 
of pathologies of the oral-craniofacial 
complex; clarification of the association 
between and among the environment, 
microbiome, and genetics; more 
accurate disease risk and drug response 
prediction; improved drug design and 
delivery; as well as an enhanced system 
for facile yet appropriate use and 
access to electronic health records and 
databases (Collins, 2010; Hamburg and 
Collins, 2011).

The time is now for electronic oral 
health records to overcome the chal-
lenges of interoperability and accessibil-
ity, as well as to seek common standards. 
Given that 50% of the US population in 
2010 had medical information available 
in electronic health records (Hsiao et al., 
2010), addressing this opportunity has 
achieved a new sense of urgency. A sur-
vey conducted among members of the 
Dental PBRN found that 73.8% of solo 
dental practitioners use a computer to 
manage patient information, with 14.3% 
indicating that they have gone com-
pletely paperless (Schleyer et al., 2013). 

Yet, the lack of integration between elec-
tronic medical and dental data in most 
US health care settings, where medical 
and dental systems were developed sep-
arately, remains a critical hurdle to be 
overcome (Rudman et al., 2010).

On the educational front, future health 
professionals will need to be well-versed 
in the scientific underpinnings of personal-
ized care. As genetic testing becomes more 
common, it is unclear how well-prepared 
health care providers, including dentists, 
will be to interpret them. Dental schools 
will need to incorporate genetics and 
genomics into their professional curricula, 
and dentists will need to keep up with rap-
idly changing technologies—including but 
not limited to ‘omics’—to keep abreast of 
the modern clinical care patients expect.

Finally, a critical element of the success 
of personalized dentistry is public aware-
ness and acceptance of the benefits and 
risks of personal genome sequencing. 
Socio-ethical and legal barriers continue 
to face the fields of genomic medicine, 
stem cell therapy, and other molecu-
lar approaches to health care, and these 
issues need to be addressed thought-
fully and with public involvement. The 
2008 passage of the Genetic Information 
Nondiscrimination Act (P.L. 110-233; US 
Government, 2008) was a significant step 
toward safeguarding individuals against 
potential discrimination from health 
insurers based on genetic risk factors. 
Still, the possibility for over- and misin-
terpretation of genomics-based results—
with the potential to cause undue alarm, 
lead to unnecessary interventions, and/
or contribute to psychological harm—
continues to be a significant issue con-
fronting modern biomedicine (Drmanac, 
2011). This reality underscores the need 
for a deeper understanding of the pub-
lic’s unique educational requirements, 
as well as for genomic education efforts 
including various communication chan-
nels and approaches such as social media 
and comprehensive educational cam-
paigns (Manolio et al., 2013).

Concluding Thoughts

Major investments in science have 
leveled the ground for the foundation 

of precise and personalized oral health 
care. Tremendous progress in many 
areas of dental research will undoubtedly 
accelerate personalized approaches 
and fill critical voids in our knowledge. 
These include advances in microbiology, 
immunology, tissue engineering, imaging, 
neuropharmacology, stem cell biology, 
and nanotechnology. Finally, and 
deserving separate focus, is vigorous 
and careful investigation using tools of 
the behavioral and social sciences. The 
dental health profession must engage 
in dialogue focused on preparing the 
current and next generation of clinicians, 
educators, researchers, and the public for 
the transformation in health care that is 
already in progress and will continue to 
evolve rapidly.
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