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This volume is dedicated to the
patients who, during the time that
this book is being published, now
require improved integration of
healthcare and of patient records
to facilitate interdisciplinary
communication among their
providers in order to assure their
well-being and, in some cases,
even safeguard their lives. Some
of these patients would not now
suffer chronic conditions or risks
to their lives as severe as they are
experiencing if they had had
access to an integrated (medicaldental) interdisciplinary
healthcare provider workforce
earlier in their lives. Two patients
who come to mind who needn’t
have died if they had had access
to an integrated care system, are
12-year-old Deamonte Driver
who died of a brain abscess in
2007 in Maryland after
difficulties locating a dental
provider who would accept

Medicaid and then difficulty
processing Medicaid eligibility
due in part to his family moving
residence temporarily to a shelter
and also an unnamed Michigan
woman who died with severe
periodontal disease in 2009, after
her state government eliminated
adult dental Medicaid benefits
while she was recovering from
pneumonia and waiting for
surgery. May we not lose sight of
the “true cost of inaction.”
We would also like to dedicate this
book to our dear colleague
Dr. Heather K. Hill DDS, MS, who
passed away earlier this year after
a long battle with breast cancer.
Dr. Hill was just 37 years old and
is survived by her husband and
two daughters. She earned a
Bachelor of Science in 1996 and a
Doctor of Dental Surgery in 2000
from the University of Minnesota
and a master’s degree in
Biomedical Informatics in 2010
from Oregon Health & Sciences
University. Dr. Hill’s passion for
dental informatics was unlimited
and she had a great vision for the
field. She has left a legacy within
the short time that she spent and
we are really obliged to her. The
field of dental informatics has lost
a great leader and a visionary.
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Dentistry Is Medicine – Oral Medicine
Dentistry is medicine–oral medicine. The integration of the discipline of dentistry
with the larger community of medicine, in education and in practice, is an imperative. The multi-faceted elements of health care reform, and specifically the mandate
to create and implement a comprehensive health information system, has the potential to accomplish the integration that dentistry as been unable, and generally unwilling, to accomplish. The authors of this volume provide important conceptual and
logistical foundations for addressing this integration imperative.
Dentistry emerged and developed as an autonomous profession based on the
overwhelming prevalence of oral disease, and at a time there were few individuals
trained to provide needed treatment. The assumption existed that treating teeth was
simply a mechanical endeavor, as no relationship was thought to exist between the
health of the teeth and that of the rest of the body. These assumptions must now be
challenged. The dental profession has expanded the numbers of dentists, has significantly reduced the prevalence of dental disease, and demonstrated through research
that oral health is intimately related to systemic health and well being. The time has
come to acknowledge that dentists are physicians of the stomatognathic system, and
that their education must be integrated with the education of physicians being
trained to care for other functional organ systems; and that oral health care must be
included and integrated into the nation’s health care delivery system.
Dentistry emerged as a scientific, university-based discipline subsequent to the
Carnegie Foundation’s report in 1926 edited by William Gies, Dentistry in the
United States and Canada. In that report, Gies and his colleagues favored the view
that dentistry should become integrated with medicine as a specialty. They argued
for an enlarged view of dentistry in which “dental surgeons and dental engineers
become oral physicians.” The ambivalence of the Gies’ committee in believing this
was possible is reflected in the statement that “the practice of dentistry should be
made an accredited specialty of the practice of conventional medicine, or fully equal
to such a specialty in the grade of health service.” The Report then concluded that
vii
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“dentistry cannot now be made a specialty of medicine.” This negative assessment
of complete integration was probably due to the political culture and climate at the
time, no doubt no different than that experienced today. Thus dentistry emerged and
developed in the Twentieth Century as an autonomous profession, attempting to be,
as the report stated, “fully equal” to a specialty of medicine as a health service.
Dentistry made notable advances in the last century in research and education
that resulted in a significant improvement in the oral health of the American people;
however, by the last decade of the century it had become increasingly apparent that
dentistry could no longer be equal while remaining separate. In 1994, a World
Health Organization report Oral Health in for the twenty-first century stated:
The changing disease patterns, the advanced diagnostic and treatment methodologies and the broadening of responsibilities illustrate the need for a new type of
oral health professional, someone with special education and skills in the care of the
oral and maxillofacial complex. These professionals will have principal responsibility for oral health care, and they may be assisted by specially-trained support personnel. In addition to these generalist oral physicians it is anticipated that the need
will remain for specialists.
In early 1995, the Institute of Medicine released the results of its 4 year study of
dental education, Dental Education at the Crossroads: Challenges and Change. This
landmark study by America’s most prestigious science policy body proved to be
provocative. While acknowledging the progress dentistry and dental education had
made, the report indicated the profession had arrived at a crossroads and transformative changes were required – “the status quo [is], in effect, a path toward stagnation and decline.” Significant changes in the environment had and were continuing
to occur that made the profession vulnerable. “Dental education and dentistry are
made vulnerable by their relative isolation from the broader university, from other
health professions, and from the restructuring of health care and financing systems
that characterizes most of the health care delivery system.” Dentistry had become
(and continues to be) isolated organizationally, intellectually, and educationally
from medicine, to the detriment of society and the profession.
The recurring theme of the IOM report was one of “closer integration” of dentistry with medicine. The theme was actually emphasized visually in the cover of
the report, which was lilac, the academic color of dentistry and forest green, the
academic color of medicine. “Dentistry will and should become more closely integrated with medicine and the health care system at all levels: research, education
and patient care. The March of science and technology in fields such as molecular
biology, immunology, and genetics will, in particular, continue to forge links
between medicine and dentistry as will the needs of an aging population with more
complex health problems…Government and primary purchasers of health services
can be expected to maintain and indeed increase the pressure on health practitioners
and institutions to develop more highly integrated and constrained systems of care
that stress cost containment, primary versus specialty care, and services provided by
teams of professional and other personnel.” The profession of dentistry reacted vigorously to the IOM report, generally viewing it negatively and with suspicion. The
profession was satisfied with the status quo; dentistry was thriving economically,
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a perceived prime benchmark of professional success. Organized dentistry rebutted
the report with the oft heard expression “dentistry is not medicine.” Dental educators, likely influenced by alumni/ae, failed, in general, to respond to the multitude
of recommendations of the report, many of which would have resulted in dental
education becoming less isolated and more “closely integrated” with medicine.
The environmental issues of the 1990s, affecting health care generally and dentistry specifically, have only resulted in increased pressures for change, both in dental education and dental practice. Arguably, the status quo has been maintained and
dentistry is not well-prepared to address the transformations occurring in the nation’s
health care system. It is possible that the demands for an integrated health information system will prove to be the environmental force that will finally drive the
required integration of dentistry with medicine, an integration that has been understood to be an imperative by many since William Gies and his committee advanced
the concept in 1926. If so, dentistry will be able to assume its appropriate position
as a recognized specialty of medicine, with education and training for the practice
of dentistry being alongside individuals studying to participate in other medical
specialties; and with dentists finally being understood to be physicians of the stomatognathic system–oral physicians.
Integration of Medical and Dental Care and Patient Data is an important work
toward envisioning and realizing the day when dentistry is finally integrated with
medicine.
David A. Nash, D.M.D., M.S., Ed.D.
William R. Willard Professor of Dental Education
Professor of Pediatric Dentistry
College of Dentistry
University of Kentucky
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Integrating Medical and Dental Data: More Than a Technical
Challenge
This book is about integrating processes and data in medical and dental care. Doing
so is a significant challenge in multiple respects: technically, logistically, professionally and culturally. Yet, succeeding at this endeavor is inescapable: As clinicians, we simply owe it to our patients (Baron 2011). We can only improve health if
we improve oral and general health at the same time.
The separation of dentistry from medicine is a historical accident. As Dr. Nash
explains cogently in his preface, early on “treating teeth was simply a mechanical
endeavor, as no relationship was thought to exist between the health of the teeth and
that of the rest of the body.” Today, we know better. Plenty of studies have shown
associations, if not causal relationships, between dental and medical conditions.
Informatics is key to helping healthcare professionals realize the vision articulated in this book. Separating dentistry and medicine has kept things apart that are
central to informatics: data, information and processes. Dentists and physicians
keep their own records for the same patients, encode patient information using different approaches and rarely communicate about patients. Doing so does not only
result in inefficiencies and unnecessary overhead, but also impedes good clinical
decision making and patient outcomes. Both may easily understand similar or identical portions of their respective records, such as the medical or medication history.
However, clinicians from either field are typically not able to understand information on forms they are not familiar with. For instance, most physicians can not make
sense of a tooth chart. Neither can most dentists given a set of medical laboratory
tests. So, a crucial question in integrating medicine and dentistry more closely is:
How should we communicate?
The answer to this question is primarily a professional and cultural, rather than a
technical, one. Exchanging electronic data among dentists and physicians, while not
trivial, is a comparatively small problem. To the computer, medical and dental information looks the same – it is just a stream of bits. For clinicians, exchanging
xi
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information is more complicated. The main challenge is to communicate the
information that the other party needs and to ensure that its meaning, as well as its
implications, can be understood and acted on. Pediatricians must understand that a
diagnosis of early childhood caries requires, among other interventions, nutritional
counseling. Dentists, on the other hand, must be familiar with the implications of a
range of medical conditions on oral and dental health. Topics of mutual interest and
relevance may be most easily understood and considered in dental or medical
schools focused on a multidisciplinary, systems approach to patient care. However,
such schools are the exception rather than the rule. For the “installed base” of
150,000 dentists and 300,000 physicians other approaches will have to be found.
The best care will be delivered by dentists and physicians together, not separately,
as is the case right now. Opportunities to do so abound. Imagine the day when physicians, dentists and other healthcare providers deliver smoking cessation interventions
through a seamless and transparent collaboration (McDaniel et al. 2009). Or, when
dentists help identify patients with previously undiagnosed, significant medical conditions, such as hypertension, cardiovascular disease, diabetes mellitus, hepatitis and
HIV infection (Greenberg et al. 2010). Or, when dentists screen for a whole host of
medical conditions using saliva diagnostics (Spielmann and Wong 2011).
Foreshadowing the discussion in this book, we presented a conceptual approach
for sharing health information among different clinical disciplines in a paper in
1994 (Schleyer and Eisner 1994). We first considered what information a clinician
would need under various circumstances. For instance, in dental emergencies,
recently updated medical information relevant to the diagnosis or treatment of the
emergency would be useful. Conversely, a recent diagnosis of oral hairy leukoplakia
would be of interest to a physician who is working up a patient for a potential infection with HIV. Our concept included the idea of “shareable data” contained in discipline-specific electronic patient records. What data are shared is not static, and
depends on the patient, context, goal(s) and which types of clinicians are collaborating on the patient’s care. Currently, most clinicians obtain needed information from
others through a written or verbal ad hoc consult. This is a cumbersome, error-prone
and often slow process. In the electronic world, such information could flow much
more easily, efficiently and automatically through the National Health Information
Infrastructure or Health Information Exchanges, given appropriate safeguards for
security and confidentiality. Standards such as the Continuing Care Record of the
American Society of Testing and Materials, adapted to dentistry by the American
Dental Association’s Standards Committee for Dental Informatics, have begun to
address what information should be subject to exchange.
Current settings which implement the exchange of medical and dental information among care providers are few and far between. Three examples are the U.S.
Department of Veterans Affairs (VA), HealthPartners in Minnesota and the
Marshfield Clinic in Wisconsin, described in this book. The electronic health records
of these organizations include both medical and dental data, and provide partially
integrated views of these data. Figure 6.3 in Chap. 6 shows a screenshot of Marshfield
Clinic’s Cattails Dental System that displays information from a patient’s medical
record in the lower left corner.
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The organizations which are working towards realizing the vision articulated in
this book are important practical laboratories for what works and what does not.
While the VA is limited with regard to its patient population, and HealthPartners
and Marshfield serve patients only in specific regions, it would be useful to learn
what information clinicians exchange, how they use it, and, most importantly, how
doing so influences decision making and patient care outcomes.
As many regional health information networks and health information exchanges
have shown, the technical and logistical problems of exchanging health information
are solvable. But, how can we help clinicians understand, use and act on received
information? Many dental students learn quite a bit about medicine during their
studies, but the inverse appears not to be true (Ferullo et al. 2011). We therefore
should consider not just how to communicate information, but also how to assist
recipients in understanding and using it. Clinical decision support can help by providing additional information and guidance when and where it is needed. However,
the majority of research studies in decision support have focused on providing assistance only to individual clinicians. To support closer integration of medical and
dental care, this research should be extended to provide collaborative decision support for multiple providers caring for the same patient.
This book is setting out a tall challenge for the health care community. Achieving
the vision of integrating medical and dental care requires nothing less than rethinking
how we care for our patients as a team of healthcare providers, not as individual
practitioners. Can we achieve this vision? Maybe it is good to look at a group that
already has done so. In biomedical informatics, physicians, dentists, nurses, pharmacists and members of other disciplines collaborate to advance how we use data and
information in healthcare. It is telling that the idea for this book arose from the informatics community – let’s hope it can serve as an example for all of healthcare!
Titus K.L. Schleyer, D.M.D., Ph.D.
Associate Professor and Director, Center for Dental Informatics
School of Dental Medicine
University of Pittsburgh
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Editors’ Preface
This is the story of a simple idea (the mouth is part of the body) and what it means
in the context of the complexities in healthcare organization, care delivery, provider
education, and care reimbursement, along with recommendations. This volume
seeks to optimize the delivery of healthcare by stating why isolated components of
healthcare delivery need to work together, by asserting how health information technology (HIT) can help these components collaborate to improve care quality and
patient safety, by documenting how existing barriers stand in way of interdisciplinary collaborative practice supported by HIT, and by recommending how to remove
such barriers.
Our first reaction could have been, this is too difficult to do. The barriers to bringing dental care and medical care together into a collaborative framework include
traditions of practice and education, political considerations, separate insurance or
payer structures. The results of this are:
• separate statistical compilations of data for medical and dental conditions and
treatment impeding a unified assessment of current conditions,
• separate cultures of practice workflow,
• (in most cases) separated electronic patient records systems for medical and dental practice and often independent goals for software standards (thus also standards that anticipate the potential need to articulate medical and dental patient
records),
• negative and unproductive attitudes of some providers in the two domains toward
each other,
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• health care planning bodies, forums, and commissions that do not include
representation from both types of providers,
• laws, regulations, and policies that do not acknowledge a need for collaboration
among physicians and dentists in the treatment of a given individual patient
within a single time frame,
• separate reimbursement structures, rationales, and plans, and thus also, from a
technical standpoint, separate claim streams, impeding development of interdisciplinary state disease registries using performance measures to support care
quality improvement and adoption of collaborative care in practices,
• care quality initiatives that, by their various respective structures, are not explicitly tasked with addressing the role of oral health care integrally in patient care,
affecting the design and establishment of performance measures for care quality
improvement,
• the disquieting perception that, in certain respects, the two domains were drifting
further apart in the absence of a common unifying principle for education and
cooperation, and,
• ultimately, the circumstance that these conditions are replicated to some extent in
societies around the globe, thus affecting the care of patient populations
worldwide.
When we thought of the suffering and early mortality faced by large numbers of
patients with chronic illnesses and a variety of other conditions, we decided we
could not avoid this task. We realized we cannot be afraid to ask questions and identify problems merely because the situation is complex.
All the editors for this volume are health informaticists, meaning that we focus
on the application of information technology to health care requirements. We know
that in any industry, one must match the program developed, with precision, to the
activities in that industry. To develop banking software, we need to understand
exactly what kinds of transaction go on in the banking industry that must be represented and processed in the system we envision. If we want to characterize software
appropriate for the healthcare industry, we assume we have the skills to formulate
an accurate model for that industry. When we examine the healthcare industry, we
notice siloization in a number of respects. By siloization, we mean that parts of the
practice of healthcare are conducted in isolation from other parts. This isolation of
providers from one another carries the attendant risk that the patient may be harmed
(or may not receive efficacious care) by dividing up the work into silos, where two
care providers concurrently address the health needs of a single individual patient,
without adequate supporting communication to assure that what is done is one
“stream” of care activities (administration and prescription of medications, performance of surgeries) will be safe and efficacious while, within the same time frame,
care activities proceed in a second “stream.” We wonder how healthcare can be
optimized under conditions of less-than-adequate articulation of care delivery for a
single patient. Therefore we are professionally obligated to call to the attention of
the industry we serve, that certain ways of “doing business” stand in the way of getting an optimal result and should be addressed.
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The most troublesome healthcare siloization for us, although by no means the
only siloization present, is that isolating the education of, practices of, and payments to medical and dental providers. To underscore the point that the issues we
are addressing are more general than those involved in the separation of medicine
and dentistry, we are fortunate to have input from ophthalmology on how eye care
imaging could be more effectively used in healthcare.
During this period of time the science and technologies of healthcare are shifting, guided by knowledge of DNA, molecular imaging, and the promise of “personalized healthcare.” As we learn what genetics and proteomics can teach us, we
become increasingly aware that “pathogen behavior does not consider how human
healthcare delivery is structured” and that a team approach is required for optimal
care delivery and truly “patient-centered” healthcare.
When we imagined the billions being allocated to health information technology
(HIT), we reviewed the maxim of software development, “know what your software
is supposed to do before you design and deploy it.” We recognized that HIT could
not be designed correctly until we had a correct healthcare delivery model. The
beginning of the design process is requirements analysis. Establishing software
requirements cannot start until a correct model for healthcare delivery is agreed
upon, with all significant categories of providers represented at the table. If the current model is faulty, software based on that model is being designed and deployed
at great expense and the resulting software, flawed by its omissions, will (in the
form of technological inertia) pose a barrier to achieving integrated care in the
future. HIT software corrections will subsequently require non-trivial added expenditures to revise not only the software, but also the workflows and organizational
structures that match it. Ethically, with regard to the design and specification of
healthcare systems, we cannot countenance this and have therefore prepared this
volume.
To establish continuity with initiatives which have preceded this book, the first
preface by Dr. David A. Nash addresses the need for integration of care, while the
second preface, by Dr. Titus K. Schleyer, links this volume with the research and
teaching in biomedical and dental informatics which have preceded it.
In order to help assure the appropriate interdisciplinary mix of input, we solicited
contributions of varying lengths, knowing that being flexible on length would help
attract contributors whose practice demands, administrative roles, and research
schedules would otherwise not permit them to participate in this volume.
A brief outline of the coverage of the chapters:
Chapter 1 addresses the rationale for integrating medical and dental care and
patient records and presents a timeline to demonstrate the gradually growing awareness of the need for integration.
Chapter 2 focuses on technical and theoretical requirements for establishing the
integrated electronic record, including such topics as interoperability, knowledge
representation, respective requirements of medical and dental providers, patient
identification, and decision support.
Chapter 3 deals with metrics and measurements, including quality measures and
the meaningful use concept.
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Chapter 4 examines current conditions, covering economic considerations, needs
of particular populations, provider viewpoints, biosurveillance, education, and
translational research. By looking at how eye care imaging can be more effectively
used in health care, this chapter looks beyond the medical-dental relationship toward
the more general requirements of care delivery for integration of care and patient
records supported by health information technology.
Chapter 5 helps the reader see to what extent integration of medical and dental
care and records is or is not “on the radar” in various countries, in order to provide
an international perspective. This chapter offers thorough treatment of Mexico and
Portugal, with brief coverage of the United Kingdom and Canada.
Chapter 6 portrays a working example of care and data integration in the
Marshfield Clinic system across a major part of rural Wisconsin.
Chapter 7 is the conclusion, collecting and highlighting recommendations made
in this volume.
The first two appendices present forms and materials from two sources which
have explicitly addressed integration of care: the University of Detroit Mercy School
of Dentistry (Appendix A) and the Wisconsin Diabetes Mellitus Advisory Group
(Appendix B).
In one of the appendices (Appendix C) you will find a cataloging of what we call
contact points between medical and dental care and research, along with references
to relevant clinical literature to each topic. The set of contact points involves a wide
range of medical subspecialties as well as great range of specialties in dental care.
Appendix D furnishes a list of online resources with their URLs and the list of
abbreviations precedes the prefaces.
Valerie J.H. Powell
Franklin M. Din
Amit Acharya
Miguel Humberto Torres-Urquidy

Acknowledgements

I would like to take this opportunity to express my sincere gratitude to Dr. Titus
Schleyer for his continued support, encouragement and guidance through my journey in the field of Dental Informatics. His mentorship and advice has been paramount in aligning my career goals to excel in the field. I would also like to express
gratitude to my mentor, Mr. Greg Nycz for his unparalleled support and tremendous
encouragement. It is heartwarming to witness and be a key part of the initiatives
under his leadership to improve access to high quality health care services for the
underserved and to enhance the health of communities in and around the state of
Wisconsin. I would also like to thank Dr. Justin Starren for identifying the importance of Dental Informatics to improve oral and systemic health and providing a
unique opportunity for me to pursue this field. I would like to thank my colleagues
Dr. Joseph Kilsdonk, Dr. Humberto Vidaillet, Dr. Steve Wesbrook, Dr. Murray
Brilliant, Dr. Steve Yale, Dr. Fred Eichmiller and Dr. Umberto Tachinardi for their
support in various initiatives that are ongoing at Marshfield Clinic to close the chasm
between Medicine and Dentistry. I would also like to thank all the authors, experts
and reviewers for their significant contributions to this book. I would also want
to express my gratitude to my co-editors Dr. Valerie Powell, Dr. Frank Din and
Dr. Miguel Humberto Torres-Urquidy for their enthusiasm and perseverance in this
undertaking. Finally, I would like to thank the most important person, my wife
Rohini who stood by me throughout this endeavor, during which we also became
first-time parents to our beautiful daughter, Anoushka. I could not have made it
without her unwavering support and encouragement.
Dr. Amit Acharya
I would like to thank the entire staff and fellow students in the Columbia University Bioinformatics Program during my time there. I am the sum total of all their
teaching, guidance, leadership, cooperation, competition, and friendship. Each of
them is reflected in this volume. I would especially like to thank Dr. Edward (Ted)
Shortliffe, the department chair and Dr. John Zimmerman, my advisor. Ted for
running a program in which a dreamer can flourish and John for his patience and
xix

xx

Acknowlegements

understanding. I wish to acknowledge the influence of Dr. Robert Ledley, whom I
never met. Dr. Ledley was a pioneer in Informatics and proved that a dentist could
contribute to the field at the highest level. Lastly I thank my co-author Valerie
Powell whose unrelenting belief in the rightness of the cause and forcefulness in
advocacy led to numerous advancements, including this book.
Dr. Franklin M. Din
I wish to express my gratitude to my mentors in learning health informatics who
helped me grasp the value of integrated health systems, Dr. Charles J. Austin, former president of Texas A&M University in Commerce and author of textbooks on
information systems for health services administration, and Dr.med. Wolfgang
Giere, retired director of the Medical Informatics Center, Goethe University of
Frankfurt am Main and pioneer of European medical informatics, to the many
electronic health record professionals in the Veterans Health Administration (VHA)
and in WorldVistA who have contributed to my understanding of health information
technologies, to my lifelong friend John W. Konnak, MD, who felt that, “if it affects
patient care, you have to address it,” to my husband, Dr. James C. Powell, who graciously read through manuscripts and provided both corrections and encouragement, to two Registered Dental Hygienists (RDHs) who helped me understand the
needs and viewpoints of this important professional group in oral healthcare, Patti
DiGangi and Shirley Gutowski, and to our two preface contributors, Dr. David A.
Nash, who made real the connection of this project with his “oral physician” concept, and Dr. Titus Schleyer, whose leadership in biomedical and dental informatics
and interest in this project have been an encouragement to all of us.
Dr. Valerie J.H. Powell
I wish to express my gratitude to Drs. Lyn Finelli, Anne McIntyre, Elizabeth
Neuhaus, and Herman Tolentino from CDC, whose leadership and example furthered my enthusiasm in informatics. I am also grateful to the members of the Public
Health Informatics Fellowship Program, always prone to insightful discussions.
I am thankful of having as a mentor Dr. Titus Schleyer, at the University of Pittsburgh,
a pioneer in the area of Dental Informatics. Additionally, I would like to thank my
wife Cristina for her support and suggestions, which definitely improved our manuscripts. Finally, I would like to thank our contributors for their valuable inputs,
without which this volume would certainly not have been the same.
Dr. Miguel H. Torres-Urquidy

Contents

1

Rationale and Need to Articulate Medical and Dental Data................
Valerie J.H. Powell and Franklin M. Din

2

HIT Considerations: Informatics and Technology
Needs and Considerations .......................................................................
Miguel Humberto Torres-Urquidy, Valerie J.H. Powell,
Franklin M. Din, Mark Diehl, Valerie Bertaud-Gounot, W. Ted Klein,
Sushma Mishra, Shin-Mey Rose Yin Geist, Monica Chaudhari,
and Mureen Allen

1

25

3

Metrics and Measurements .....................................................................
Valerie J.H. Powell, Amit Acharya, Andrea Mahnke,
Franklin M. Din, and Thankam P. Thyvalikakath

139

4

Broader Considerations of Medical and Dental Data Integration ......
Stephen Foreman, Joseph Kilsdonk, Kelly Boggs, Wendy E. Mouradian,
Suzanne Boulter, Paul Casamassimo, Valerie J.H. Powell, Beth Piraino,
Wells Shoemake, Jessica Kovarik, Evan(Jake) Waxman, Biju Cheriyan,
Henry Hood, Allan G. Farman, Matthew Holder,
Miguel Humberto Torres-Urquidy, Muhammad F. Walji, Amit Acharya,
Andrea Mahnke, Po-Huang Chyou, Franklin M. Din, and Steven J. Schrodi

167

5

International Perspectives ....................................................................... 299
Miguel Humberto Torres-Urquidy, Jeffrey R. Glaizel, Rodrigo Licéaga-Reyes,
André Ricardo Maia Correia, Filipe Miguel Araújo, Tiago Miguel Marques,
Filipa Almeida Leite, and Angus W.G. Walls

xxi

xxii

6

7

Contents

An Integrated Medical-Dental Electronic Health Record
Environment: A Marshfield Experience ................................................
Amit Acharya, Natalie Yoder, and Greg Nycz

331

Conclusion and Recommendations ........................................................
Franklin M. Din and Valerie J.H. Powell

353

Appendix .........................................................................................................

363

Index ................................................................................................................

409

Contributors

Amit Acharya, B.D.S., M.S., Ph.D. Biomedical Informatics Research Center,
Marshfield Clinic Research Foundation, Marshfield, WI, USA
Mureen Allen, M.D., M.S., M.A., FACP Medical Informatics Consultant,
New Jersey, USA
Filipe Miguel Araújo, D.M.D., M.Sc. Health Sciences Department,
Universidade Católica Portuguesa – Campus de Viseu, Porto, Portugal
Valerie Bertaud-Gounot, Ph.D. University Psychiatric Hospital, Rennes, France
Kelly Boggs, M.B.A. Division of Education, Marshfield Clinic, Marshfield, WI, USA
Suzanne Boulter Department of Pediatrics, Dartmouth Medical School, Hanover,
NH, USA
Paul Casamassimo, D.D.S., M.S. Division of Pediatric Dentistry, The Ohio State
University College of Dentistry, Columbus, OH, USA
Center for Clinical and Translational Research, Nationwide Children’s Hospital,
Columbus, OH, USA
Monica Chaudhari, M.S., M.M.S./M.B.A. Washington Dental Service, Seattle,
WA, USA
Biju Cheriyan, M.B.B.S., D.L.O. Holy Cross Hospital, Kottiyam and Caritas
Hospital, Kottiyam, Kerala, India,

xxiii

xxiv

Contributors

Po-Huang Chyou, Ph.D. Biomedical Informatics Research Center, Marshfield
Clinic Research Foundation, Marshfield, WI, USA
André Ricardo Maia Correia, D.M.D., Ph.D. Department of the Portuguese
Catholic University (DCS-UCP), Dental Medicine, University of Porto (FMDUP),
Health Sciences, Porto, Portugal
Mark Diehl, D.D.S. Health Informatics Program, Misericordia University, Dallas,
TX, USA
Franklin M. Din, D.M.D., M.A. HP Enterprise Services, Global Healthcare,
Camp Hill, PA, USA
Allan G. Farman, B.D.S., Ph.D., M.B.A., D.Sc., Diplomate
ABOMR Department of Surgical and Hospital Dentistry, University
of Louisville School of Dentistry, Louisville, KY, USA
Stephen Foreman, J.D., Ph.D., M.P.A. Health Economics, Robert Morris
University, Pittsburgh, PA, USA
Shin-Mey Rose Yin Geist, D.D.S., M.S. Departments of Biomedical and
Diagnostic Sciences and Patient, Management, University of Detroit Mercy
School of Dentistry, Detroit, MI, USA
Jeffrey R. Glaizel, D.D.S., RCDS myDDSnetwork, Toronto, ON, Canada
Matthew Holder, M.D., M.B.A. Underwood and Lee Clinic, Louisville, KY, USA
American Academy of Developmental Medicine and Dentistry, Louisville, KY, USA
Henry Hood, D.M.D. Department of Orthodontic, Pediatric and Geriatric
Dentistry, University of Louisville School of Dentistry, Louisville, KY, USA
Underwood and Lee Clinic, Louisville, KY, USA
Joseph Kilsdonk, AuD
Marshfield, WI, USA
W. Ted Klein, M.S.

Division of Education, Marshfield Clinic,

Klein Consulting Inc., Ridge, NY, USA

Jessica Kovarik, M.D. School of Medicine, University of Pittsburgh,
Pittsburgh, Pennsylvania, USA
Filipa Almeida Leite, M.D. Teotónio Hospital, Viseu, Portugal

Contributors

xxv

Rodrigo Licéaga-Reyes, D.D.S., Ph.D. Department of Oral and Maxillofacial
Surgery, Juarez Hospital in Mexico City, Mexico, DF, Mexico
Andrea Mahnke, B.S. Biomedical Informatics Research Center, Marshfield
Clinic Research Foundation, Marshfield, WI, USA
Tiago Miguel Marques, D.M.D., M.Sc. Health Sciences Department,
Portuguese Catholic University, Porto, Portugal
Sushma Mishra, M.B.A., Ph.D. Computer and Information Systems
Department, Robert Morris University, Pittsburgh, PA, USA
Wendy E. Mouradian, M.D., M.S. Department of Pediatric Dentistry, Schools of
Dentistry, Medicine and Public Health, University of Washington, Seattle, WA, USA
Greg Nycz, B.S.

Family Health Center of Marshfield, Inc, Marshfield, WI, USA

Beth Piraino, M.D. Renal Division, Department of Medicine, University of Pittsburgh
Medical School, Pittsburgh, Pennsylvania, USA
Valerie J.H. Powell, Ph.D., M.S., R.T.(R) Department of Computer and
Information Systems, Clinical Data Integration Project, Robert Morris University,
Moon Township, PA, USA
Steven J. Schrodi, Ph.D. Center for Human Genetics, Marshfield Clinic
Research Foundation, Marshfield, WI, USA
Wells Shoemaker, M.D. California Association of Physician Groups, Sacramento,
California, USA
Thankam P. Thyvalikakath, B.D.S., M.D.S., M.S., D.M.D. Center for Dental
Informatics, School of Dental Medicine, University of Pittsburgh, Pittsburgh, PA, USA
Miguel Humberto Torres-Urquidy, D.D.S., M.S., Ph.D.
(candidate) Department of Biomedical Informatics, University of Pittsburgh,
Pittsburgh, PA, USA
Muhammad F. Walji, Ph.D. Dental Branch, University of Texas, Houston,
Texas, USA
Angus W.G. Walls, B.D.S., Ph.D., FDSRCS School of Dental Sciences,
Newcastle University, Newcastle, UK

xxvi

Contributors

Evan(Jake) Waxman, M.D., Ph.D. Department of Ophthalmology, University
of Pittsburgh, Pittsburgh, PA, USA
Natalie Yoder, B.S. Biomedical Informatics Research Center, Marshfield Clinic
Research Foundation, Marshfield, WI, USA

List of Abbreviations

AADE
AAMC
AAP
ACE
ACO
ADA
ADA
AM
AMA
ARB
ARRA
BDS
BioMedGT
CAD
CCD
CCM
CDA
CDA
CDS
CDT
CFR
CMS
COTS
CPOE
CPT
CPU
CQM
CRF
DDS
DGES
DMD

American Association of Diabetes Educators
American Association of Medical Colleges
American Academy of Pediatricians
Angiotensin-Converting Enzyme
Accountable Care Organization
American Dental Association
American Diabetes Association
Amalgam
American Medical Association
Angiotensin Receptor Blocker
American Recovery and Reinvest Act
Bachelor of Dental Surgery
Biomedical Grid Terminology
Coronary Artery Disease
Continuity of Care Document
Chronic Care Model
California Dental Association
Canadian Dental Association
Clinical Decision Support
Current Dental Terminology
Code of Federal Regulation
Centers for Medicare and Medicaid Services
Commercial Off–the-Shelf
Computerized physician order entry
Current Procedural Terminology
Central Processing Unit
Clinical Quality Measure
Chronic renal failure
Doctor of Dental Surgery
Dentogingival epithelial surface area
Doctor of Dental Medicine
xxvii

xxviii

DMI
DNP
DO
DoD
EBICP
EDO
EDR
EHR
EHT
EMR
EP
ER/PR
ERG
eRx
ESRD
FHC
GMP
GH
HD
HF
HHS
HIT
HITECH
HIV
HL7
ICD
ICD-10
ICD-10 CM
ICD-9
ICD-9 CM
ICU
IDF
iEHR
IHS
IHTSDO
IOM
IT
LDL
LIS
LOINC
LVSD
MCRF

List of Abbreviations

Dental / Medical Integration
Doctor of Nursing Practice
Doctor of Osteopathy
Department of Defense
Evidence-Based Integrated Care Plan
Extended Data-Out
Electronic Dental Record
Electronic health record
Electronic health technologies
Electronic Medical Records
Eligible Professionals
Estrogen Receptor/Progesterone Receptor
Episode Risk Group
Electronic prescribing
End stage renal disease
Family Health Center
General medical practitioners
Group Health Cooperative
Hemodialysis
Heart Failure
Health and Human Services
Health Information Technology
Health Information Technology for Economic and Clinical Health
Human Immunodeficiency Virus
Health Level 7
International Classification of Diseases
International Classification of Diseases, Tenth revision
International Classification of Diseases, Tenth revision, Clinical
modifications
International Classification of Diseases, Ninth revision
International Classification of Diseases, Ninth revision, Clinical
modifications
Intensive Care unit
International Diabetes Federation
integrated Electronic Healthcare Record
Indian Health Service
International Health Terminology Standards Development
Organization
Institute of Medicine
Information Technology
Low Density Lipoprotein
Laboratory information system
Logical Observation Identifiers Names and Codes
Left Ventricular Systolic Dysfunction
Marshfield Clinic Research Foundation

List of Abbreviations

MD
MHD
MI
MO
MS
MU
NCI
NDEP
NHIN
NIDDK
NIH
NQF
OCF
ONC
ORN
OS
OSHRP
PC
PCMH
PD
PCP
PDSA
PHC
PHR
POAG
PPO
PQRI
RAM
ROM
SCT
SDO
SGR
SNODENT
SNOMED CT
TFT
UI
VA
WDS
WDSF
WHO

xxix

Medical Doctor
Medical History for Dentists
Myocardial Infarction
Mesioclussal
Microsoft
Meaningful Use
National Cancer Institute
National Diabetes Education Program
National Health Information Network
National Institute of Diabetes and Digestive and Kidney
National Institute of Health
National Quality Foundation
Oral Cancer Foundation
Office of the National Coordinator
Osteoradionecrosis
Operating System
Oral and Systemic Health Research Project
Personal Computer
Patient centered medical home
Perintoneal Dialysis
Primary Care Physician
Plan-Do-Study-Act
Personalized Health Care
Patient / personal health records
Primary Open Angle Glaucoma
Preferred Provider Organization
Physician Quality Reporting Initiative
Random Access Memory
Read Only Memory
SNOMED CT
Standards Development Organizations
Surgeon General’s Report
Systematized Nomenclature of Dentistry
Systematized Nomenclature of Medicine – Clinical Terms
Thin film transistor
User Interface
Veterans Affairs
Washington Dental Service
Washington Dental Service Foundation
World Health Organization

List of Figures

Fig. 1.1
Fig. 1.2
Fig. 1.3
Fig. 2.1
Fig. 2.2

Fig. 2.3
Fig. 2.4
Fig. 2.5
Fig. 2.6
Fig. 2.7
Fig. 2.8
Fig. 2.9

Fig. 2.10
Fig. 2.11

Flow of information in patient care for providers
Open wound size range from 1.24 sq. in. to 3.1 sq. in. adult periodontitis DGES equivalent
Evolving models of support for interdisciplinary communication
among medical and dental providers
Signs based on different standards
Presents the sign “Construction ahead” intended to warn drivers that
they might encounter an area under construction when driving, used in
the UK. Taken out of context, this sign can be jokingly interpreted as
the “man with a broken umbrella.” In this case, “context” plays a big
role in defining meaning, actually changing it completely
Overview of the modeling process
Sequence of models generated to reach a comprehensive representation of healthcare activities
Clinical process or diagnostic-therapeutic cycle appears in the
specification
Clinical process as a recursive activity
Model displaying the interactions of the individual with different elements supporting the healthcare delivery process
The Ogden-Richardson’s semiotic triangle establishes the different
elements that play a role in representing knowledge through concepts
Basic ontology representing clinical information in the form of concepts and their properties as well as the relationships between
concepts
Partial view of diseases represented in the ontology of dental
emergencies
Partial view of findings represented in the ontology of dental
emergencies

xxxi

xxxii

Fig. 2.12
Fig. 2.13

Fig. 2.14

Fig. 2.15
Fig. 2.16
Fig. 2.17
Fig. 2.18
Fig. 2.19
Fig. 2.20
Fig. 2.21
Fig. 2.22
Fig. 2.23
Fig. 2.24
Fig. 2.25
Fig. 2.26
Fig. 2.27
Fig. 2.28
Fig. 2.29
Fig. 2.30
Fig. 2.31
Fig. 2.32
Fig. 2.33
Fig. 2.34
Fig. 3.1
Fig. 3.2
Fig. 3.3

Fig. 3.4

Fig. 4.1
Fig. 4.2

Fig. 4.3

List of Figures

Example of disease “Reversible pulpitis” characterized by the
relationships in the ontology
Cardiac evaluation and care algorithm for noncardiac surgery based on
active clinical conditions, known cardiovascular disease or cardiac risk
factors for patients 50 years of age or greater (Fleisher et al. 2007)
Cardiac conditions associated with the highest risk of adverse outcome
from endocarditis for which prophylaxis with dental procedures is
reasonable (Wilson et al. 2007)
Oncology consult form for cancer patient regarding part or future
bisphosphonate therapy
Oral health referral form for cancer patient needing chemotherapy or
radiation therapy
GH and WDS approaches to coded patient identifiers
Weak warm body decision flow
PALM IIIc image
PALM Screenshot for booster icon
PALM Screenshot for medical history for dentists application icon
PALM Screenshot for medical history for dentists application
PALM Screenshot for thyroid problem selection
PALM Screenshot for thyroid problem sub-type selection
PALM Screenshot for hyperthyroid general warning
PALM Screenshot for hyperthyroid important warning
PALM Screenshot for prosthetic health valve selection
PALM Screenshot for prosthetic health valve warning
PALM Screenshot for prophylactic antibiotic warning
PALM Screenshot for prophylactic antibiotic dosing for child
PALM Screenshot for prophylactic antibiotic alternative dosing for
child
PALM Screenshot for prophylactic antibiotic dosing options selection
PALM Screenshot for high risk patient selection
PALM Screenshot for high risk patient warning
Annual dental visits for children (Pennsylvania)
Assumption that medical health comprises the totality of healthcare
Screenshot of Previser Risk Calculator (PRC) that shows the health
history questions PRC asks about to assess patient’s risk of periodontal
disease.
Screenshot of Previser Risk Calculator (PRC) that shows the disease
score ranging from 0 (no disease) to 100 (severe periodontitis) and the
risk score ranging from 1 (lowest) to 5 (highest)
Most common chronic US illnesses
Percentage of healthcare spending for individuals with chronic
conditions by type of insurance – 2006. Anderson (2010) (Copyright
2010. Robert Wood Johnson Foundation
Per capita healthcare spending and number of chronic
conditions – 2006

List of Figures

Fig. 4.4
Fig. 4.5
Fig. 4.6
Fig. 4.7
Fig. 4.8
Fig. 4.9
Fig. 4.10
Fig. 4.11
Fig. 4.12
Fig. 4.13
Fig. 4.14
Fig. 4.15
Fig. 4.16
Fig. 4.17
Fig. 4.18
Fig. 4.19
Fig. 4.20
Fig. 4.21
Fig. 4.22
Fig. 4.23
Fig. 4.24
Fig. 4.25
Fig. 4.26
Fig. 4.27
Fig. 4.28
Fig. 4.29
Fig. 4.30
Fig. 4.31
Fig. 4.32
Fig. 4.33
Fig. 4.34
Fig. 4.35
Fig. 4.36
Fig. 4.37
Fig. 4.38
Fig. 4.39

xxxiii

Delivering oral healthcare to a child
Nonproliferative diabetic retinopathy and hypertensive retinopathy
Hypertensive retinopathy
Central retinal vein occlusion
Branch retinal artery occlusion
Branch retinal artery occlusion, fluorescein angiogram
Retinal macroaneurysm
Hypertensive optic neuropathy
Fragile X syndrome
Trisomy 21
Cerebral palsy
Patient with congenital syphilis
GERD-related erosion of enamel and dentinal tissues
Patient on phenytoin
Patient 4 months post-weaning
The adult patient suspected of having Fragile X syndrome
Pectus excavatum
Joint laxity observed in patient with Fragile X syndrome
Four children with autism and one neurotypical child
Patient upon initial examination
Patient after comprehensive treatment
Biosurveillance systems should be cognizant of different kinds of
events since this can be linked to issues of public health concern
Biosurveillance system architecture
Information technology – informatics department size at Dental
Schools in US
US Dental School IT/informatics department personnel with and without dental informatics (DI) training
Current usage of electronic financial systems and electronic dental
records among the responded Dental Schools
Commercial electronic dental records used in the US Dental Schools
Number of years since implementing an EDR at the US Dental
Schools
US Dental Schools’ plan for applying to medicaid meaningful use
incentive program
Communication between EMR and EDR among the responding US
Dental Schools
Information categories shared between EDR and EMT in some of the
US Dental Schools
Is a polymorphism associated with disease?
The concept of linkage disequilibrium
Technological progress in genomics
Linkage studies vs. association studies to discover disease genes
The synergy between access to care, student competency, and financially sustainable dental education converge around CHC/FQHCs

xxxiv

Fig. 5.1
Fig. 5.2
Fig. 5.3
Fig. 5.4

Fig. 5.5
Fig. 5.6
Fig. 5.7
Fig. 5.8
Fig. 5.9
Fig. 5.10
Fig. 5.11
Fig. 6.1
Fig. 6.2
Fig. 6.3
Fig. 6.4
Fig. 6.5
Fig. 6.6
Fig. 6.7
Fig. 6.8
Fig. 6.9
Fig. 6.10

List of Figures

Breakdown of hospital treatments provided in Mexico by type of institution/source of funding
Breakdown of ambulatory treatments provided in Mexico by type of
institution/source of funding
Distribution of governmental medical treatment services by
institution
The Mexican Institute of Social Security (Instituto Mexicano del
Seguro Social – IMSS) is one of the major health care providers in
Mexico
Distribution of dental treatment services by sector
Access to communication technologies in Mexico
Health Information Network in Portugal (RIS)
Newsoft Dente® odontogram (with permission)
Newsoft Dente® periogram (with permission)
Novigest® odontogram (with permission)
Novigest® e-agenda (with permission)
Marshfield Clinic Health Center Complex
Physicians’ Dashboard application
Dentists’ Dashboard application
Ladysmith Dental Center – Family Health Center of Marshfield, Inc.
and Marshfield Clinic’s first Dental Center
Unique dental patients at Ladysmith Dental Center after first full year
of operation (calendar year 2003)
Dedicated clinical training space at Marshfield Dental Center
Unique dental patients at all of Marshfield Clinic Dental Centers in the
2010 calendar year
Percent of patients in each zip code under 200% poverty who were
seen at Ladysmith Dental Center
Key concepts from the discussion panel recorded on flips charts
Overarching themes identified as part of the panel discussion analysis

