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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 (medical-
dental) 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.



Preface

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 impera-
tive. The multi-faceted elements of health care reform, and specifically the mandate
to create and implement a comprehensive health information system, has the poten-
tial to accomplish the integration that dentistry as been unable, and generally unwill-
ing, 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 signifi-
cantly 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



viii Preface

“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 method-
ologies 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 responsibil-
ity for oral health care, and they may be assisted by specially-trained support per-
sonnel. 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 transfor-
mative changes were required — “the status quo [is], in effect, a path toward stagna-
tion 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 den-
tistry 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 inte-
grated 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 vig-
orously 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 educa-
tors, 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 den-
tistry specifically, have only resulted in increased pressures for change, both in den-
tal 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 informa-
tion system will prove to be the environmental force that will finally drive the
required integration of dentistry with medicine, an integration that has been under-
stood 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 stom-
atognathic 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






Preface

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, profes-
sionally and culturally. Yet, succeeding at this endeavor is inescapable: As clini-
cians, 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 articu-
lated 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 dif-
ferent 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 iden-
tical portions of their respective records, such as the medical or medication history.
However, clinicians from either field are typically not able to understand informa-
tion 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 infor-
mation looks the same — it is just a stream of bits. For clinicians, exchanging
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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 physi-
cians, 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 con-
ditions, 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 infec-
tion with HIV. Our concept included the idea of “shareable data” contained in dis-
cipline-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 collaborat-
ing 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 informa-
tion 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 pro-
viding additional information and guidance when and where it is needed. However,
the majority of research studies in decision support have focused on providing assis-
tance only to individual clinicians. To support closer integration of medical and
dental care, this research should be extended to provide collaborative decision sup-
port 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, pharma-
cists 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 infor-
matics 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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Preface

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 tech-
nology (HIT) can help these components collaborate to improve care quality and
patient safety, by documenting how existing barriers stand in way of interdisciplin-
ary 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 bring-
ing 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:

e separate statistical compilations of data for medical and dental conditions and
treatment impeding a unified assessment of current conditions,

e separate cultures of practice workflow,

e (in most cases) separated electronic patient records systems for medical and den-
tal practice and often independent goals for software standards (thus also stan-
dards 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,

XV
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e 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,

e separate reimbursement structures, rationales, and plans, and thus also, from a
technical standpoint, separate claim streams, impeding development of interdis-
ciplinary state disease registries using performance measures to support care
quality improvement and adoption of collaborative care in practices,

e care quality initiatives that, by their various respective structures, are not explic-
itly 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 iden-
tify 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 repre-
sented 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, perfor-
mance 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 get-
ting 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 pay-
ments 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 shift-
ing, guided by knowledge of DNA, molecular imaging, and the promise of “person-
alized 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 cur-
rent 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 expen-
ditures 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 aware-
ness 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
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Chapter 1
Rationale and Need to Articulate Medical
and Dental Data

Valerie J.H. Powell and Franklin M. Din

1.1 Separation of the Two Domains and the Need
to Re-establish a Holistic View to Healthcare

1.1.1 Separate Healthcare Domains

Since the beginning of modern healthcare, medicine and dentistry have existed as
separate healthcare domains. One pathway of care is oral health care for the oral
cavity and certain associated structures (most notably teeth) — commonly called
dental care (and less commonly stomatognathic care) and is delivered by dental
providers (general dentists, periodontists, endodontists, and other specialists with
degrees like DDS and DMD). A distinct pathway of systemic health care delivers
care to the rest of the body — called medical care and delivered by medical providers
(allopathic physicians, osteopathic physicians, nurse practitioners, etc. with degrees
like MD, DO, DN).! While this separation appeared to serve well for many years,
significant changes in healthcare have occurred and this separation is now obsolete
and may be harmful. This artificial division of care into organizational silos ignores
the fact that the mouth is part of the body (NIH 2000). Field et al. (2000) characterized

IThere is, of course, a systemic care discipline, otolaryngology (also referred to as ear, nose, and
throat or ENT care), which covers much of the same anatomy as is covered by oral health providers,
minus the teeth and their supporting structures.
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the phrase “medically necessary dental care” in the following manner with reference
to the U.S. Medicare program: “Such a restrictive definition may suggest that peri-
odontal or other tooth-related infections are somehow different from infections else-
where and imply that the mouth can be isolated from the rest of the body, notions
neither scientifically based nor constructive for individual or public health.”

The growing understanding of how dental affects medical (systemic) and vice
versa suggests that continuation of this separation leads to incomplete, inaccurate,
inefficient and inadequate treatment of both medical and dental disease. Dentistry
and medicine need to harmonize. To facilitate this change and to assure the highest
quality care and safety for patients, this book looks at the issues, the challenges, and
recommends specific actions to address specific problems. The essential core
improvement to bring medicine and dentistry closer is the integration of medical
and dental care and data. Currently many medical records and data exist separate
and distinct from dental records and data for the same patient.

This siloization in the U.S. persists despite international recognition of the need
for integration of the disciplines. According to the World Health Organization
(WHO), “The strategy is that oral disease prevention and the promotion of oral
health needs to be integrated with chronic disease prevention and general health
promotion as the risks to health are linked.” Further, “The objectives of the WHO
Global Oral Health Programme, one of the technical programmes within the
Department of Chronic Disease and Health Promotion, imply that greater empha-
sis is put on developing global policies based on common risk factors approaches
and which are coordinated more effectively with other programmes in public
health. The policy of the WHO Global Oral Health Programme emphasizes that
oral health is integral and essential to general health, and that oral health is a deter-
minant factor for quality of life.” Also, with regard to health information tech-
nology, “The WHO/FDI goals for oral health by the year 2000 urged Member
States to establish oral health information systems, and this remains a challenge
for most countries of the world. The WHO Oral Health Programme is prepared to
assist countries in their efforts to develop oral health information systems which
include data additional to epidemiological indicators.” (Peterson 2008) According
to WHO'’s “Global goals for oral health 2020,” (Hobdell et al. 2003) Goal 2 is “To
minimize the impact of oral and craniofacial manifestations of systemic diseases
on individuals and society, and to use these manifestations for early diagnosis,
prevention and management of systemic diseases,” and Objective six states, “To
integrate oral health promotion and care with other sectors that influence health,
using the common risk factor approach.”

The data silos reflect and may actually drive and perpetuate the care silos.
Consider a typical work and information flow between a dentist and a physician
caring for the same patient who has periodontal disease and diabetes in Fig. 1.1.

The communication between the general dentist, who normally does the initial
periodontal screening, and the specialist treating diabetes or stroke is typically indi-
rect, proceeding through the Primary Care Physician (PCP) via the chart, EHR, or
relies on the patient’s initiative. Any medical specialists (endocrinologists, cardiolo-
gists) treating a patient are ordinarily dependent on the patient’s primary care physician
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Fig. 1.1 Flow of information  Medical Silo Dental Silo
in patient care for providers 7
If M,

Cardiologist
If stroke,
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Tooth,
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Disease,
Periodontist

If Diabetes,
Endocrinologist

. ,’/
Pr;mhsglcgzre LT T TP PP -»| General Dentist

Tenuous, usually
carried out by
patient, if done
at all.

for contact with the providers in the same patient’s dental silo. A neurologist treating
stroke, for example, who might gain in the processes of diagnosis and treatment
from a well-established model of interdisciplinary medical-dental communication,
is dependent on the referring PCP for dental information, and that referring PCP
might not have a direct channel of communication with the patient’s dental
provider(s). Fig. 1.1 shows a dotted line (labeled with a question mark) for possible
communication between an endocrinologist or diabetologist and periodontist.
Unfortunately, they lack a systematic approach to communication with each other.
Instead the provider teams (physician and nurse on the medical silo and general
dentist and dental hygienist, in the dental silo) must, on their own initiative, obtain
the patient’s other-silo information. In general this connection must also be regarded
as tenuous, as reflected in the dot-dash line. The arrow in the diagram might suggest
that the communication is provider-to-provider. In reality, the cross communication
is dental provider via patient as active carrier of the message to the medical pro-
vider. Unfortunately, providers are ill-prepared to engage at this level of coordina-
tion. A well-established model for efficient communication among medical and
dental providers who care for the same patient does not ordinarily exist. The excep-
tions are the University of Detroit Mercy School of Dentistry model (Geist and
Geist 2008) and the Wisconsin Diabetes Advisory Group model (WDAG 2011),
both with regard to paper charts.

There are many potential intersections in which the medical records can inform
the treatment of dental problems and vice versa. Because there is no systematic
information exchange at these intersections a number of problems persist that continue
to hinder comprehensive patient care.
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* Real-time cooperation involving patient care is practically non-existent.

e Best practices guidelines often ignore a dental component to care or that compo-
nent is left to the whim of the patient to pursue.

» Data is duplicated and often inconsistent between the medical record and dental
record.

e The structural barriers to medical — dental communication and care hinder the
progress toward complete, patient centered care.

1.2 The Communication Gap and the Collaborative
Care Gap (First Two Topics Above)

A number of authors have looked at various aspects of the communication gap:

e Schleyer (Thyvalikakath et al. 2008) observed, “I think the healthcare system has
plenty of opportunities to improve the quality of care by simply improving the
communication among the people who provide it. However, there are several
reasons why this is not happening very much now. Many of them are historical
and ‘ingrained’ in the way each discipline practices, but others are contemporary
barriers. ... we have to acknowledge that technology is only a piece of the puz-
zle. It certainly will not be the silver bullet for solving healthcare communication
problems. It needs to work hand-in-hand with efforts to (1) augment standards of
care to represent the best evidence available; (2) break down professional, sys-
temic, cultural and personal barriers to improved communication; and (3) make
the patient the central and focal point of healthcare.”

* Dental Education at the Crossroads: Challenges and Change (Field and Jeffcoat
1995), and the Institute of Medicine (IOM) had already recommended closer
integration of dentistry with medicine and the health care system as a whole.
This IOM report predicted that scientific and technological advances in molecu-
lar biology, immunology, and genetics, along with an aging population with
more complex health needs, would increasingly link dentistry and medicine,
leading to the need for changes in dental education (Sax 2002). From the IOM
report: “The report did not call for a single medical/dental profession, but it did
conclude that the dental profession will and should become more closely inte-
grated with medicine and the health care system on all levels: education, research
and patient care.”

* The Midwest Disparities Collaborative in 1998, a diabetes quality improvement
initiative using the MacColl Chronic Care Model (CCM), which “aims to create
practical, supportive interactions between an informed activated patient and a
proactive, prepared clinical team,” and rapid Plan-Do-Study-Act (PDSA) cycles
from the continuous quality improvement field (Chin et al. 2004). This chronic
care initiative included dental care as well as a dilated eye exam, diet interven-
tion, and foot care or foot examination, based on the ADA (American Diabetes
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Association) clinical practice recommendations. Chronic care models have
been important in integrating dental collaboration in regional and statewide
initiatives, of which this is an example. The MacColl CCM was succeeded
by the Wagner CCM (Wagner et al. 1996; Wagner 1998; Wagner et al. 2001;
Bodenheimer et al. 2002a,b).

Haughney et al. report on a 3 year study of integration of primary care dental
and medical services (Haughney et al. 1998): “This experimental model of
health care showed the potential that exists for the coordination and integration
of functions between the dental team and the primary care team. Improvement
in communication by joint information exchange can be of considerable benefit
to patient care. We believe that most of the benefits indicated on this single
clinical site could be reproduced in separate locations by the use of integrated
record systems and modern methods of information exchange. Integrated pri-
mary dental and medical care requires attitudinal change in health care profes-
sionals and requires greater emphasis in the education and training of health
care professionals in the future.”

Wisconsin Diabetes Advisory Group’s (2011) “Wisconsin essential diabetes
mellitus care guidelines,” describes the Wisconsin Diabetes Prevention and
Control Program, and including a chapter on Oral Health and recommendations
for interdisciplinary communication (Wisconsin Diabetes Advisory Group
2011). They provide an online interdisciplinary referral form (See Appendix B).
The Wisconsin guidelines state: “An oral screening should be performed at diag-
nosis and at each diabetes-focused visit occurring thereafter. Any positive find-
ings should initiate referral to a dentist or dental specialist to ensure early and
prompt diagnosis and treatment. The screening includes an evaluation of the oral
cavity for signs of redness, bleeding, halitosis, accumulation of debris around the
teeth, gingival recession with exposed root surfaces, separation of teeth, and
tooth mobility. People without teeth (edentate) should also receive an evaluation
for signs of tissue inflammation or irregularities, white or red lesions, and any
change in the fit of their dentures. Physicians, nurses, ancillary healthcare profes-
sionals, and caregivers can all perform this evaluation and must reinforce the
importance of oral and dental care.”

Aetna’s Dental/Medical Integration Program was announced in 2006. According
to Dr. Mary Lee Conicella, Aetna Dental’s national director of clinical opera-
tions “The association between oral health and systemic health is consistently
demonstrated in clinical studies, and the findings are positively impacting the
treatment and management of patients.” Further she said “Specifically, there is a
significant body of research that indicates pregnant women and individuals with
diabetes or heart disease benefit from early periodontal care. The member out-
reach program, in conjunction with enhancements to our dental offerings, is
designed to motivate these individuals to seek care” (Aetna 2006).

CIGNA’s Oral Health Integration Program®™ (OHIP) was announced in 2006.
According to CIGNA’s announcement (CIGNA 2006), studies “have shown that
medical costs for diabetic and cardiovascular patients were significantly lower
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when treated for gum disease. Direct and indirect costs for diabetes and heart
disease are on the rise.” CIGNA announced maternity, diabetes, and cardiovascular
oral health programs.

Dr. George Chiarchiaro, an IHS dentist and project manager for the IHS EDR,
said that the new EDR will replace the current one used by IHS and will offer
dentists far more options on it than the existing dental record. Dr. Chiarchiaro
stated that, “we will interface our new dental record with certain portions of that
larger legacy system. One of the interfaces between our new dental software and
our existing electronic health record will be to send dental information over to
the electronic health record. A physician, or nurse practitioner, pharmacist or
physician assistant can open the patient’s electronic health record and see what
dental procedures have been performed ... they will be able to access that infor-
mation in the patient’s primary health record” (Basu 2006).

The Scottsdale Project recommended that physicians should screen for periodon-
tal disease; “dentists should work collaboratively with physicians to achieve the
best possible patient care outcomes” and identified a need for “a set of guidelines
should be developed to define what is important for bidirectional professional
communication” (Hein 2007).

The American Diabetes Association includes “dental referral” and ‘“dental
history” in its Standards of Care. (ADA [Diabetes] 2011) Sue Kirkman
reported that the two ADAs (American Diabetes Association and American
Dental Association) were collaborating on conferences that year (2008) and
that “the Professional Practice Committee had just commissioned a technical
review of the literature to be jointly written by medical and dental profession-
als from” both “ADA’s” (Kirkman MS, 2008, personal communication;
Lamster et al. 2008).

In 2000, the U.S. Surgeon General released the report “Oral Health in America”
to raise awareness of the ‘silent epidemic’ of dental and oral disease. It con-
cluded that dental caries is the most prevalent infectious disease among American
children. While early childhood dental caries emerges within all cultural and
economic pediatric populations, oral health disparities are related to socioeco-
nomic status and race/ethnicity, it stated, “As a result of the Surgeon General’s
report, the American Academy of Pediatrics began a push to examine children’s
oral health and determine how pediatricians could become involved in address-
ing the epidemic,” said Huw Thomas, B.D.S., M.S., Ph.D., dean of the School of
Dentistry at the University of Alabama at Birmingham.” ... In October 2008 the
American Academy of Pediatricians (AAP) PEDS 21 Symposium (Pediatrics for
the Twenty first Century) focused on oral health and “the Pediatrician’s role in
Oral Health.” From AAP Highlight: More than 40% of children from families at
or below the federal poverty line have tooth decay by the time they reach kinder-
garten. More than 52 million hours of school are lost each year because of dental
problems. To combat these and other problems related to dental health, pediatri-
cians are being asked to focus on the oral health of our nation’s youth.
‘Pediatricians see young infants and children frequently for preventive health
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care visits, putting them in an excellent position to identify children at risk for
dental health problems, coordinate appropriate care and parent education, and
refer affected and high risk children to pediatric dentists,” said Suzanne Boulter
MD, pediatrician at Concord Hospital in Concord, NH.

Other authors who deal with the gaps in medical and dental care and data integra-
tion as part of a larger understanding include:

» Healthy People 2020 (HHS, Office of Disease Prevention and Health Promotion
(Health and Human Services (2010)) includes national objectives in oral health
addressing a number of categories for public health improvement, including the
need to increase awareness of the importance of oral health to overall health and
well-being, to increase acceptance and adoption of effective preventive interven-
tions, and to reduce disparities in access to effective preventive and dental treat-
ment services.

e Oral health in America: areport of the Surgeon General, issued by the Department
of Health and Human Services, National Institute of Dental and Craniofacial
Research (NIDCR), and National Institutes of Health, in 2000 (NIH 2000).

e In June 2008 the American Association of Medical Colleges published Contem-
porary Issues in Medicine: Oral Health Education for Medical and Dental
Students: Medical School Objectives Project (AAMC 2008).

e In 2009 the International Centre for Oral-Systemic Health was established at the
University of Manitoba in Winnipeg.

e In 2010 the U.S. Health Resources and Services Administration (HRSA)
announced its new Strategic Plan. For Goal I, on improving access to quality
health care and services, Subgoal b called for expanding oral health and behav-
ioral health services and integrating them into primary care settings.

The common theme that binds all these contributions and milestones is the
understanding that the patient is negatively affected by the current inability to inte-
grate and harmonize medical and dental care. In many instances, the common needs
greatly outweigh the historical separation. For instance, providers in both silos need
accurate information on medications prescribed in the other silo (blood thinners,
antibiotics, pain medications) and on certain tests ordered in one of the silos.
Haughney et al. (1998) reported that “the joint use of patient record systems avoided
discrepancies in patient information which would have affected the quality of patient
care” and “joint consultations reduced the need for secondary referrals.” Geist and
Geist (2008) stated, “physicians often do not provide adequate information regard-
ing patients’ medical conditions when presented with consultation requests gener-
ated by dental students and their instructors about the students’ patients.”

In the interest of providing a historical view of the initiatives above, the authors
have compiled a timeline table, Table 1.1.

This table demonstrates the increasing effort to integrate medical and dental care
since Dr. David A. Nash’ “Oral Physician” speech in 1994, signifying an increasing
awareness of the issue.
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Table 1.1 Timeline for integration of medical and dental care and patient data

Year Milestone(s)

1994 Oral physician speech (Dr. David A. Nash)

1994 British Dental Journal reports pilot study

1994  World Health Organization Oral Health Report: Oral Health for the twenty-first
century

1995  Institute of Medicine Report on Dental Education at the Crossroads

1996  United Kingdom Government White Paper proposes pilot integration schemes

1998  Midwest Disparities Collaborative using Chronic Care Model

1998  British Dental Journal reports on 3 year study of integration

2000  Surgeon General Report — Oral Health

2000  Healthy People 2010 with dental objectives

2003  American Diabetes Association. Clinical practice recommendations

2004  Wisconsin Diabetes Advisory Group, essential diabetes care guidelines

2006  Aetna announces Dental/Medical Integration

2006  CIGNA announces CIGNA Dental Oral Health Integration Programs™
(OHIP) for Maternity, Diabetes, Cardiovascular

2007  New Indian Health Service RPMS Dental System

2007  American Association of Diabetes Educators dental visit measure

2007  Scottsdale Project

2007  World Health Organization global policy for improvement of oral health — World
Health Assembly 2007

2008  American Diabetes Association. Standard of Medical Care includes “dental referral”

2008  American Association of Medical Colleges Medical School Objectives Project :
Medical and Dental Students Education

2008  American Academy of Pediatricians’ statements on oral health for twenty-first century

2008  Health Resources and Services Administration’s 7th annual report calls for the
“Patient-Centered Medical-Dental Home in Primary Care Training.”

2009  International Centre for Oral-Systemic Health was established at the University of
Manitoba in Winnipeg, Canada

2010  Healthy People 2020, a set of goals and objectives, was announced by the U.S. Office
of Disease Prevention and Health Promotion (ODPHP)

2010  American Academy for Oral-Systemic Health (AAOSH) founded

2010  HRSA Strategic Plan of the Health Resources Services Administration (HRSA)

calls for integration of oral health into primary care

1.3 A Broader Look at the Fundamental Healthcare

Delivery Model

Some authors have considered these issues and have determined that a broader look
at the fundamental healthcare delivery model is in order. The notion of medicine
and dentistry as distinct entities must be reconsidered.

Dr. Wendy Mouradian is a leader in the collaborative, interdisciplinary approach
to health care, integrating medical and dental care. Dr. Mouradian writes about how
she became interested in providing integrated care:
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The biggest influence was when I was the Director of the Interdisciplinary Craniofacial
Program at Seattle Children’s Hospital where I saw the importance of the dental and oral
components of health and the consequences when these were ignored. I also began to appre-
ciate the general medical ignorance of these issues... Then I started to realize that there was
an isolation of dentistry in the area of health policy and funding, and as a consequence large
gaps in access to dental care. I did a certificate in health care ethics at the UW (University
of Washington) and focused on some of these issues in that program. I subsequently went
on to work for NIDCR on the Surgeon General’s Conference on children and oral health
(Mouradian WE, 2008, personal communication).

She indirectly reveals that her interest was preceded by the presence of an interdis-
ciplinary program unit. Not only have interdisciplinary integration and collaborative
(medical-dental) care existed prior to the developments of the last 20 years, but there
always have been individual providers in both disciplines who have been sensitive to
this need for tight collaboration. What has been lacking in health care in the U.S. in
general (except in the VA system and in the [HS which have been leaders not only in
health information technology, but in integrating care and in implementing preventive
and chronic care), is a consistent and generally accepted foundation for communica-
tion among these providers for shared patients. In order to establish the proper model
for healthcare’s future in the U.S., the U.S. requires a model of healthcare that over-
comes the “isolation of dentistry in the area of health policy and funding”.

Nash (2006), Giddon (2006), Giddon and Assael (2004) have discussed calling
dental providers “oral physicians.” Giddon points out that “unfortunately, the dental
profession, which enjoys what are perceived to be the benefits of independence from
medicine, including a higher average salary than physicians — at least when compar-
ing general dentists with primary care physicians in group practice ($174,350 for the
general dentist in 2002 and $150,000 for primary care physicians in group practice
in 2002) — may not want to incur the bureaucratic disadvantages of managed care and
related problems.” Nash (2006) cites the oral physician curriculum at the University
of Kentucky. Nash writes, “I justified the need for such a transformation based on the
significant changes in the environment of dentistry, which I characterized as biologi-
cal, epidemiological, technological, demographic, professional, and economic.”
Further Nash states, “changing our name changes nothing of substance,” he wants
dental education to be reformed and scorns “minor changes” and asserts “‘separation
from medicine may have served the public well in the past. It no longer does.”

1.4 Healthcare Education and Preventive Care

In 2008 a report from the U.S. Health Resources and Services Administration
(HRSA 2008) called for a “patient-centered medical-dental home,” asserting that
rapidly “changing dynamics in the U.S. health care environment” were driving “the
need for major restructuring of the health care system that highlights disease
prevention and comprehensive, coordinated care for chronic diseases.” This report
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urged that “drastic action ... be urgently undertaken” to assure an adequate supply
of primary care physicians. HRSA’s report called for “realignment of our antiquated,
inequitable system that pays handsomely for procedures, tests, and specialty ser-
vices but relatively meager sums for the demanding primary care role of coordinat-
ing acute and chronic disease care while delivering preventive care.”

HRSA pointed out that in “2004, the American Academy of Pediatrics (AAP), in
association with the American Academy of Family Physicians (AAFP), the
American College of Physicians (ACP), and the American Osteopathic Association
(AOA), defined comprehensive guidelines for the Patient-Centered Medical Home
(PCMH)) as the central approach to improve health care in the U.S. (Patient Centered
Primary Care Collaborative 2007)” Joint Principles of the Patient Centered Medical
Home, February 2007 and noted that also in 2004, the American Academy of
Pediatric Dentistry (AAPD) formally adopted a policy endorsing the Dental Home
(DH) According to HRSA’s proposed model, “each patient has a personal physician
or dentist who leads a team of clinical care providers and staff who take collective
responsibility for delivering comprehensive, coordinated care that addresses all of a
patient’s health care needs.” These statements, as well as the entire HRSA report,
make clear that action is needed.

An American Association of Medical Colleges (AAMC) Medical School
Objectives Project (MSOP) document states that in a 1995 study, Dental Education
at the Crossroads: Challenges and Change, the Institute of Medicine (IOM) (Field
and Jeffcoat 1995) had already recommended closer integration of dentistry with
medicine and the health care system as a whole: This IOM report predicted that
scientific and technological advances in molecular biology, immunology, and genet-
ics, along with an aging population with more complex health needs, would increas-
ingly link dentistry and medicine, leading to the need for changes in dental education.
As physicians come to see oral health as a legitimate domain of involvement for
their profession, and dentists acquire better understanding of the systemic implica-
tions of oral disease, asking the right questions will be as much a matter of perspec-
tive as of knowledge and skills. Cultivating such a perspective will require significant
change in the curricula of both professions (AAMC 2008), as well as attention to the
topics satisfying continuing education requirements for physicians, nurses, dentists,
and dental hygienists.

Hein (from Scottsdale Project) states that “in spite of the growing acceptance
within the dental community, it cannot be assumed that the medical community is
aware of the research to support the effect of periodontal disease on local and sys-
temic inflammation” (Hein et al. 2007).

Thus, in addition to integration of records, there is a need to sensitize the medical
community to the dental contribution to systemic health and a converse need to
sensitize the dental community to dental contribution to systemic health. The simple
recognition of the importance of the other side to overall health is a big step toward
acceptance of the integration of medical and dental records.

DePaola and Slavkin (2004) wrote: “In essence, the SGR [Surgeon General’s
Report, NIH (NIH 2000)] articulated and documented that the mouth is connected to
the body, that oral and systemic diseases and disorders can be associated, that oral
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diseases and disorders can compromise health and well-being over the human lifespan,
and that disparities exist in oral health and disease patterns.” Among the critical educa-
tional needs they cite are: “increase interdisciplinary perspective/practice; and improve
our students’ ability to relate to and address the overall health of the patient.”

An example of a course meeting the AAMC initiatives is “A New Oral Health
Elective for Medical Students” (Mouradian et al. 2006). However, according to Rafter
et al. (2006), “At a recent conference evaluating dental education (Santa Fe Group)
participants determined that an important factor responsible for the difficulties in den-
tal education was the ‘silo’ approach so commonly found in health education: ‘By
their reliance on independent curricula, faculty, facilities and research programs,
‘silos’ contribute to the isolation of health professional training programs.””’

1.5 Progress Toward, Complete Patient-Centered
Care - Clinical Considerations

We have painted a relationship between systemic and oral health and disease. Any
effort to integrate medicine and dentistry data must reflect the reality of the actual
disease. The specifics of some of the more important diseases that impact patients
that concern both dentists and physicians are introduced below. For more details on
such diseases, please refer to Sects. 2.3, 2.4 and Appendix C.

1.5.1 Diabetes, Cardiovascular Disease and Periodontal Disease

According to Mealey and Rose (2008), “the presence of periodontal diseases can
have a significant impact on the metabolic state in diabetes. Diabetic subjects with
periodontitis have a sixfold higher risk for worsening of glycemic control over time
compared to diabetic subjects without periodontitis. Periodontitis is also associated
with an increased risk for diabetic complications. In one study, 82% of diabetic
patients with periodontitis experienced one or more major cardiovascular, cerebro-
vascular or peripheral vascular events during the study period of 1-11 years, com-
pared to only 21% of diabetic subjects without periodontitis.”

Professor Edward P. Heinrichs (Periodontics and Preventive Care, School of
Dental Medicine, University of Pittsburgh) recently suggested comparing the aggre-
gate “open wound” of periodontitis to an open wound ranging (on the mean) from
1.24 sq. in. to 3.1 sq. in. (the dentogingival epithelial surface area or DGES), accord-
ing to Hujoel et al. (2001) To visualize the seriousness of periodontitis see Fig. 1.2.

Robert Nelson (NIH/NIDDK) writes, “Recent studies suggest even greater com-
plexity in the relationship between periodontal disease and diabetes. These studies
report striking relationships between periodontal disease and the development of the
macro- and microvascular complications of diabetes — in particular cardiovascular
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Fig. 1.2 Open wound size range from 1.24 sq. in. to 3.1 sq.
in. adult periodontitis DGES equivalent

and kidney disease. Whether these relationships are due primarily to the hypergly-
cemia that typically accompanies periodontal disease or to other mechanisms
remains to be determined. Some proposed mechanisms for the link between perio-
dontitis and the complications of diabetes include chronic systemic inflammation
associated with increased circulating cytokines and inflammatory mediators, direct
infection of the vasculature extending beyond the oral cavity, an autoimmune
response to the chronic periodontal infection that leads to endothelial dysfunction,
or common susceptibility factors that lead to increased susceptibility to periodontal
disease and to vascular diseases simultaneously. Perhaps several or all of these
mechanisms are involved” (Nelson 2008).

Ample research literature exists documenting the role of inflammation that are
common to periodontal diseases and other systemic diseases (Cochran 2008; Genco
2008; Graves 2008; Ordovas and Shen 2008; Serhan 2008; Van Dyke and Kornman
2008; Wilson 2008).

1.5.2 Prenatal Care, Periodontal Disease and Low Birth Weight

Kushtagi et al. (2008) stated, “the association of low birth weight neonates with
high health care costs and high infant mortality has been well established.” In a
study of 150 women with appropriate variables controlled for, “the presence of
periodontal infection was found to be significantly higher in women who delivered
low birth weight neonates compared with the control group.” Dasanayake et al.
(2008) recommend that “because treatment of periodontal disease during pregnancy
is both safe and effective, nurses, nurse practitioners, and nurse midwives who care
for mothers and infants can play an important role in educating pregnant women
about oral health. Because nearly two-thirds of pregnant women do not receive
dental care during pregnancy, nursing professionals can counsel pregnant women to
seek dental care during pregnancy. If mothers understand that there is a potential
link between the bacteria in their mouth, their health, pregnancy outcomes, and the
health of their infant, they may be more receptive to and interested in seeking dental
care.” Michaliwicz et al. (2006) confirm the safety of periodontal care during preg-
nancy. Vettore et al. (2008) describe “the relationship between periodontitis and
preterm low birth weight.” McGaw (2002) cautioned that “Prospective studies, and
eventually interventional studies, will be necessary before periodontitis can be
considered as a causal factor for PLBW.”
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1.5.3 Post Radiation Osteonecrosis (ORN) and Bisphosphonate
Caused Osteonecrosis (ONJ)

Jolly (2004) writes, “Osteoradionecrosis (ORN), also known as postradiation
osteonecrosis (PRON), is a serious, debilitating and deforming potential complica-
tion of radiation therapy for the treatment of cancer of the head and neck. It has been
defined as a necrosis or death of the bone of the mandible or maxilla that may occur
following radiation therapy for cancer in the oral and peri-oral region. It is known to
occur when bones, in this case the mandible and/or maxilla, are directly in the field
of radiation.”

According to Ronald P. Strauss (AAMC 2008), “Nothing prepared me for the
destruction that I witnessed on Mr. J’s jaw caused by osteoradionecrosis. His jaw
bone melted away on the X-rays until he had a fractured mandible, all because he
had radiation treatment for oral cancer years ago.” After detailing Mr. J’s condition,
Strauss continued, “Even years after the original cancer treatment, [patients] may
be at risk for radiation-associated dental caries and osteoradionecrosis. It is critical
that the dentist and the oncology team communicate closely about the care of
patients who have had head and neck radiation treatment for oral or pharyngeal
cancer.”

Recently, there have been reports of osteonecrosis of the jaws (ONJ) in cancer
patients receiving concomitant anticancer therapy (chemotherapy, steroid therapy,
or head and neck radiotherapy) and an intravenous (IV) bisphosphonate (Damato
et al. 2004; Child et al. 2011). There are multiple recognized conditions and risk
factors associated with the development of osteonecrosis (not limited to the jaws)
in cancer patients (Marx 2003; Migliorati 2003; Ruggiero et al. 2004). Potential
liability in the cases involving biphosphonate gives another reason why dentists
need to be linked into medical information. A dentist may not be the one who pre-
scribes a given biphosphonate but may very well be the first one to observe the
complication.

1.5.4 Oral Cancer Screening; Tobacco and Betel Use Screening
and Oral Cancer Prevention

Dental providers are now performing oral cancer screenings for cancers of the
head, neck, and mouth. According to an online page from the Oral Cancer
Foundation (OCF 2009), in addressing dental providers, “For general dental prac-
titioners OCF believes your responsibility is at minimum creating awareness, and
being involved in opportunistic discovery of suspect tissue through routine screen-
ing of your entire patient population, and referral for second opinion or biopsy
when appropriate. For dental specialists such as oral surgeons and periodontists, as
well as oral medicine specialists, it is providing second opinions, and when
requested or when you believe necessary, performing biopsy of any suspect area.”
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Macpherson et al. (2003) examined the trade-offs (in the UK) between seeking
more routine dental visits to improve oral cancer screening, as a dental check-up
would support early detection, and getting general medical practitioners (GMP) to
play more of a role in oral cancer screening. Macpherson et al. stated that “a high
proportion of GMPs (87%) indicated they routinely made enquiries of their patients
in relation to smoking habits” and yet reported only “19% of dental respondents
routinely made enquiries into smoking habits, with a further 49% doing so ‘occa-
sionally.”” Thus the health professional (dental), perhaps most appropriately in a
position to do oral cancer screening, appears not to be as engaged in this aspect of
health promotion, even though tobacco use is regarded as a high risk behavior for
oral cancer. In Asia, betel quid (BQ) chewing has a role corresponding to that of
tobacco chewing in North America. Zhang and Reichart (2007) report that in main-
land China, oral “diseases associated with BQ chewing are oral sub mucous fibro-
sis (OSF), oral leukoplakia (OL) and oral cancer.”

1.5.5 Eating Disorders Screening

DeBate and Tedesco (2006) describe how general dentists can play a role in
preventing eating disorders: the “dentist, in particular, has a uniquely important
and valuable role with respect to assessment of oral and physical manifestations
[of anorexia nervosa and bulimia nervosa]. ... Despite this crucial role, few dentists
are engaged in eating disorder specific secondary prevention.”

1.5.6 Pediatric Care

Dentists can be particularly important to the success of pediatric care. Chu et al.
(2007) document referrals by non-dentist providers for oral health care. Mouradian
(Mouradian et al. 2003, 2004; Mouradian and Corbin 2003) has been a pioneer
and strong advocate for collaborative medical/dental approaches to pediatric oral
health care. Mouradian (Mouradian et al. 2004) writes, it “is clear that oral health
disparities cannot be addressed without collaborative efforts between dentistry
and medicine and other health professions.” According to Riter et al. (2008),
“Dental disease, the most prevalent chronic disease of childhood, affects chil-
dren’s overall health and ability to succeed. Integrating oral health into routine
well-child checkups is an innovative and practical way to prevent dental disease.
The Washington Dental Service Foundation (WDSF) is partnering with Group
Health Cooperative, a large integrated delivery system, and other providers in
Washington State to change the standard of care by incorporating preventive oral
health services into primary care for very young children.” Other information on
interdisciplinary approaches to pediatric dentistry can be found in Mabry et al.
(2006) and Douglass et al. (2005).
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1.5.7 Oral Hygiene and Respiratory Infections

Yoneyama et al. (1996) point out the role of oral hygiene in reducing respiratory
infections in “elderly bed-bound nursing home patients.” According to Scannapieco
(Scannapieco and Rethman 2003), “recent evidence has suggested a central role for
the oral cavity in the process of respiratory infection. Oral periodontopathic bacteria
can be aspirated into the lung to cause aspiration pneumonia. The teeth may also
serve as a reservoir for respiratory pathogen colonization and subsequent nosoco-
mial pneumonia. Typical respiratory pathogens have been shown to colonize the
dental plaque of hospitalized intensive care and nursing home patients. Once estab-
lished in the mouth, these pathogens may be aspirated into the lung to cause infec-
tion. Other epidemiologic studies have noted a relationship between poor oral
hygiene or periodontal bone loss and chronic obstructive pulmonary disease. Several
mechanisms are proposed to explain the potential role of oral bacteria in the patho-
genesis of respiratory infection:

1. Aspiration of oral pathogens (such as Porphyromonas gingivalis, Actinobacillus
actinomycetemcomitans, etc.) into the lung to cause infection;

2. Periodontal disease-associated enzymes in saliva may modify mucosal surfaces
to promote adhesion and colonization by respiratory pathogens, which are then
aspirated into the lung;

3. Periodontal disease-associated enzymes may destroy salivary pellicles on patho-
genic bacteria to hinder their clearance from the mucosal surface; and

4. Cytokines originating from periodontal tissues may alter respiratory epithelium
to promote infection by respiratory pathogens.”

Azarpazhooh and Leake (2006) describe the role of “aspiration pneumonia,”
leading to more than 15,000 deaths per year in the U.S., with more than 200,000
cases annually, and states that “among ICU patients, those being mechanically ven-
tilated are particularly susceptible to pneumonia.”

1.5.8 Kidney Disease and Periodontal Disease

Fischer et al. (2008) describe periodontal disease as a risk factor for kidney disease.
Craig (2008) describes how “renal replacement therapy can affect periodontal tis-
sues, including gingival hyperplasia in immune suppressed renal transplantation
patients and increased levels of plaque, calculus, and gingival inflammation and
possible increased prevalence and severity of destructive periodontal diseases in end
stage renal disease (ESRD) patients on dialysis maintenance therapy. Also, the pres-
ence of undiagnosed periodontitis may have significant effects on the medical man-
agement of the ESRD patient. ... periodontitis may be a covert but treatable source
of systemic inflammation in the ESRD population.” Bayrakter et al. (2007), reported
in a study that more plaque and calculus and bleeding on probing were found in the
hemodialysis (HD) than in the control group. This evaluation is complex, as HD
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patients might receive anticoagulation therapy, affecting bleeding, and the altered
serum calcium-phosphorus balance possible in ESRD patients. Bayraktar et al.
(2007a, 2007b) point out that oral health care for CRF (chronic renal failure) patients
should begin “before the beginning or at least within 1 month of their first dialysis
treatment,” as without oral health maintenance “oral pathologies and infections
could jeopardize the opportunity to receive a successful kidney transplant.” For
more on kidney disease and oral health, see Sect. 4.2.2.

There are many other diseases that affect medical and dental care, like herpetic
infections, Vitamin deficiencies. It is not the goal of this section to provide a com-
prehensive accounting of diseases that affect systemic and oral health. Rather it is
meant to clearly convey to the reader that diseases rarely stay limited to oral or sys-
temic domains. As author Powell remarked, “all attempts to keep oral pathogen
confined to the mouth have failed miserably.”

1.6 Data Inconsistency

The Department of Defense (DoD) leads in medical/dental integration. Part of the
reason for their focus is due to the fact the DoD has been aware since 1977 that as
many of 10% of dental records of active duty personnel could have discrepancies
when compared with their medical records (Lewis et al. 1977). In a group of 100
randomly selected active duty personnel at Walter Reed Medical Center, “eleven
discrepancies of major medical significance were found.” Discrepancies between
medical and dental records is due largely to the reliance on patient reports from
treatment in the other discipline, rather than on an integrated electronic record sys-
tem. Selzer and McDermott (1999) reported that “of patients who completed the
same medical history questionnaire twice within a certain time period, 66% had at
least 1 significant omission in their history.”

According to Lutka and Threadgill (1995), “medical history questionnaires and
outpatient medical records of 115 patients were compared. All patients had a medical
history of at least 2 years in both records. The dental records were initially reviewed,
and patients’ responses were compiled; when these were compared with the outpa-
tient medical records, the overall discrepancy rate was greater than 86%. This over-
whelming rate of error should make dentists aware that many routinely treated patients
have medical conditions that are unknown to providers. Clearly, quality comprehen-
sive care is impossible with inconsistent, perhaps dangerously contradictory records.

Haughney et al. (1998) reported that “the pilot study had revealed, [for 178 joint
patients] in a retrospective study, a large number of discrepancies between informa-
tion contained in the medical records summary and the medical history in dental
records.” They observed that “the joint use of patient record systems avoided discrep-
ancies in patient information which would have affected the quality of patient care”
and “joint consultations reduced the need for secondary referrals.” They found that
3 medical records were missing information that was considered important of life
threatening and more ominously, 18 dental records were missing similar informa-
tion. The Table 1.2 below summarizes the discrepancies, based on Haughney et al.
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Table 1.2 Medical and dental records discrepancies, based on Haughney et al.

Category Not on medical records ~ Not on dental records Total
Life threatening 2 4 6
Important 1 14 15
Relevant 20 58 78
Total 23 76 99

1.7 Insurance Claim Silos

The traditional separation and distinction between medical care and dental care is
reflected and reinforced in the separate insurance realms (medical vs. dental insur-
ance). This complicates the coordination of care and insurance coverage. This sepa-
ration is reflected in the sets of codes and terminologies for claims: CPT (for medical
care) and CDT (for dental care). A more coordinated approach to insurance should
yield significant improvements in patient and public health outcomes like, (a) for-
mally connect the relationship between systemic (medical) and oral (dental) health
care streams, (b) reduce disparities of coverage of unserved and underserved popu-
lations, (c) better support performance measure assessment and biomedical research.
The fact that there are separate insurance frameworks (medical insurance, dental
insurance) in health care has important effects.

The situation of having two silos for systemic (medical) and oral (dental) health
insurance should be reviewed and analyzed, so that these two silos can be merged
into a single health insurance framework, with appropriate attention to (a) the inter-
relationships between systemic (medical) and oral (dental) health care, including a
common terminology to ensure semantic consistency, (b) disparities of coverage, and
(c) foundations for performance assessment and biomedical research. There is litera-
ture covering oral health disparities in detail (Fisher-Owens et al. 2008; Mouradian
et al. 2003, 2004; Mouradian and Corbin 2003; Pyle and Stoller 2003).

The folly of separate insurance coverage is exemplified by Medicare, in which
coverage for dental care is completely excluded except for “extractions done in
preparation for radiation treatment for neoplastic diseases involving the jaw,” and
“oral examinations, but not treatment, preceding kidney transplantation or heart
valve replacement.” (CMS 2005). The protocols surrounding organ transplantation
have for years cited the need to remove all active infections, including oral, prior to
surgery. However, Medicare has determined that you are allowed to examine but not
treat active oral infections in transplant candidates. The Medicare position can be
summarized as requiring that inexpensive oral treatment is disallowed prior to a
very expensive surgical procedure, which may then be denied on medical grounds
in cases where the patient cannot afford dental care. The likelihood of post-surgical
complications increases due to the combination of immuno-suppressive drugs and
active oral infections. Post surgical complications, especially those that manifest
immediate after the surgery are likely to be difficult to resolve, may lead to a reduc-
tion in long term prognosis, and is expensive.

While it can be argued that the gaps in dental coverage that exists in Medicare is
immaterial to how the rest of the healthcare insurers treat medical and dental
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coverage, in reality, the size and scope of Medicare and Medicaid means that private
insurers must always analyze their plans and coverage in view of Medicare and
Medicaid coverage. Medicare and Medicaid serve as the base against which all
other coverage is measured. Inclusion of dental care within Medicare is likely to
stimulate private insurers, other than Aetna and CIGNA, which have already inte-
grated medical and dental plans, to rethink their policies.

1.8 Evolving from Patient Data Silos to Integrated
Technologies

The traditional separation and distinction between medical care and dental care is
reflected and reinforced in the separate patient record systems, either sets of (paper)
medical charts and (paper) dental charts, or medical (EMR) and dental (EDR) electronic
records systems. The models for communication to deliver care are shown in Fig. 1.3.

e Model A, where the patient’s recall is a basis for establishing a patient’s medical
or dental history, uses “SneakerNet,” the patient bearing information between the
two offices.

e Models B1, B2, B3, and B4 show the use of telephone and fax where employees
(clerical or nursing in the medical office; clerical or dental hygiene in the dental
office) phone or fax for information and receive a phone call or a fax in return.
These models apply where there are only paper systems (B1), where one system
uses paper and one is electronic (B2, B3), or where there are two electronic sys-
tems and they do not communicate directly with each other (B4).

e Model C is a one-way system designed to assure that the dentist has access to a
patient’s medical history and medical test results. An implementation of this
model is the system used by Healthpartners, Inc., in the Minneapolis, Minnesota,
area (Rindal, 2011). Rindal reports that HealthPartners “has medical and dental
record systems that serve 25 medical and 15 dental care delivery sites in
Minnesota. To support oral healthcare, HealthPartners dental providers can
access medical record information (diagnoses, physician office notes, current
medications and medical test results). Allowing dental providers access to com-
plete medical information provides the opportunity to improve the quality and
safety of dental care for patients with chronic diseases.”

e Model D, which was reported in use at one major children’s hospital, uses three
electronic systems and “pastes” [sic] data from the dental and orthodontic sys-
tems into the medical system.

¢ Inintegrated Model E1 the medical and dental electronic components are designed
to work together, so that dentists have access to a patient’s medical history and test
results and physicians have access to dental history and test results. With com-
munication flowing in both directions, every provider visit results in vitals being
recorded. This model is described in detail in this volume in Chap. 6. Examples of
this model are the Marshfield Clinic systems, and the technologies of three U.S.
Federally-sponsored healthcare systems, the Indian Health Service (IHS), the
U.S. Department of Veterans Affairs (VA), and the U.S. military.



1 Rationale and Need to Articulate Medical and Dental Data

19

T LT
= 0 @
Medical Chart “SneakerNet” Dental Chart
o - X & Fax
o
8¢ | i_ © [ =] bi-bs
S° = !
Medical Chart Dental Chart
<2 s
R R
T T (207
S 58w EDR c
-QEQ
cC OO
"~ 0T 0
1S
AT
£ o8 c B!
£EE5 s = S—yd
5352
83?2 Electronic Electronic
Medical Dental
Record Record
(EMR) (EDR)
Electronic
Orthodontic
Record
- 3 g A A
§S2¢ EDR el
3859 EMR
PEL 2 4
[eRe]
Integrated Electronic Health Record (iIEHR)
qE.) cc> Integrated y
538 Electronic Oral Health e2
L o< @ Health . .
L5 9 is a Specialty
252 Record —
Fig. 1.3 Evolving models of support for interdisciplinary communication among medical and

dental providers



20 V.J.H. Powell and FM. Din

* Integrated Model E2 is a single electronic health record system in which Oral Health
is simply a specialty. This model implements the “Oral Physician” concept pre-
sented initially by Dr. David A. Nash in 1994. A commercial vendor example of this
model is offered by Epic. Thomas stated, “While there are special needs for dental,
we believe that it is part of a patient’s overall health and should be fully integrated
with their entire body health record, meaning one medication list, and one source of
truth on all diagnoses and treatments. The tools to support the dental specific work-
flows, such as managing images, documenting easily and quickly on individual
teeth notes with shortcuts specific to the most frequent dental terms and flows are
the areas that we think can be tailored well, while still on one single encompassing
patient record (Thomas T, 201 1a, personal communication).” According to Thomas,
“in treating a patient record, Epic doesn’t segregate dental and medical information
in any significant way. While the starting template for documentation for a dentist
or oral surgeon will be oriented to teeth, mouth, diagrams, etc. and their answer
choices limited to things appropriate for dental, with a click of a button the entire
medical record is available. The header shows the patient’s allergies, and it’s the
same list for a dentist, an obstetrician, or an A&E doctor.” Thomas continues, “Epic
essentially treats dentistry like a specialty. For orthopedics there is a lot of provider-
centric content related to bones and joints to speed them along and make documen-
tation easy, in cardiology you have cardiology PACs, images of the heart,
documentation specific to stents, and diagnostics for the cath lab. All of these then
end up as aspects of a single, comprehensive record. So the patient with a broken
ankle, hypertension, and a dental abscess will have in one list the pain meds for the
ankle, the hydrochlorothiazide for the heart, and antibiotics for the abscess. The
dentist will focus on the images of the patient’s mouth, their dental x-rays, and notes
from the dental hygienist, but all the rest is still there. The orthopedist will focus on
the x-ray of the ankle, however they’ll be alerted if they order a pain med that inter-
acts with the patient’s heart meds” (Thomas T, 201 1b, personal communication).

1.9 Data Standards

The gulf that separates medicine and dentistry is also reflected in the language and
codes sets used in each. A few examples:

Current Procedural Terminology (CPT) is the code set used to standardize medi-
cal procedure and services, while Current Dental Terminology (CDT) is the code set
used to standardize dental procedure and services. There is very little overlap; even
the coding format is different. Since the American Medical Association (AMA)
controls the CPT and the American Dental Association (ADA) controls the CDT,
any attempt at harmonization will require a commitment from the leadership of both
Professional Organizations.

Medicine use International Classification of Diseases revision 9 (ICD 9) or 10 to
code for medical diagnosis. Dentistry in general does not attempt to standardize
dental diagnosis using ICD or any other diagnostic code set.

Systematized Nomenclature of Medicine (SNOMED) is a robust, well known,
well-maintained, and comprehensive clinical terminology for Medicine. Its dental
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counterpart, the Systematized Nomenclature of Dentistry (SNODENT) does not
share many of SNOMEDs advantages.

Any attempt at integrating the professional fields will also require an effort to
harmonize the language and data structure to match.

1.10 Summary

The link between oral health and systemic health cannot be denied. The separation
of dental and medical is no longer defensible or sustainable in modern healthcare.
An efficient interdisciplinary communication model is required. However an inter-
disciplinary agreement on the nature of such communication does not exist. When
a periodontist receives a patient referred by a general dentist, it is clear what infor-
mation should be send to the referring dental provider. In many instances, that same
information is not meaningful or useful to a referring primary care physician or
endocrinologist providing care for a patient with diabetes. A collaborative medical-
dental approach to care would also lead to reciprocal best practice concepts for
screening, such as the opportunities for dental providers to screen for eating disor-
ders or oral cancer or for medical providers to screen for oral health as suggested by
a number of sources. Providers in both silos sharing care of patients will benefit
from accurate information on medications prescribed in the other silo (blood thin-
ners, antibiotics, pain medications) and on tests ordered in one of the silos.

The reader has been introduced to the case for integration as well as some sup-
porting evidence. The following chapters will expand on the ideas presented in this
chapter. The core need, the foundation for success, for achieving the integration of
the clinical practices is the integration of the records. Dental records must integrate
with medical records and medical records must accommodate the needs of dental
providers. This extends to all applications, architectures, standards, and advanced
functions envisioned in an interoperable healthcare environment.
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HIT Considerations: Informatics and
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2.1 Achieving Interoperability of Medical and Dental Records

In this chapter, we explore and consider many of the technical, data and knowledge
issues that impact electronic health records. These issues include healthcare stan-
dards and semantic interoperability, security of applications and data, privacy of
information, the ability to identify uniquely a participant across all healthcare
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domains, usability and context based information retrieval, and clinical decision
support. These generally applicable informatics issues are then examined with a
specific focus on the overall goal of integrating medical and dental health informa-
tion. Thus, we also examine standards specific to dentistry, the data needs of den-
tists, and clinical dental decision support efforts.

All the benefits of electronic health records depend on the ability of disparate
systems to exchange data without loss of meaning, called semantic interoperability.
With the variety of systems in use, loss of meaning can only be prevented by the use
of and adherence to standards. These standards deal with communication, data,
imaging, the information model and other properties of the healthcare record sys-
tem. In this section, we provide a primer on the standards involved in achieving a
comprehensive healthcare record that is usable across medical and dental domains.

2.1.1 The Role of Standards in Records Integration
Miguel Humberto Torres-Urquidy and Valerie J. Harvey Powell

The development, use and maintenance of standards will definitely play a role in the
integration of medical and dental data. In this section, we will briefly review what
standards are, as well as their strengths and weaknesses.

Standards are agreements between two or more parties to follow a given set of
rules or principles given certain situations. The agreement allows the user of stan-
dards to know, in advance, what will occur when interacting with other parties that
follow the same standard. More specifically, for healthcare, data standards are
defined (Jernigan et al. 2010) as the “...uniform use of common terms and common
methods for sharing data...” Again, from this definition, we can derive that agree-
ment or shared understanding is fundamental for making standards useful.

We experience the use of standards every day. Driving on a particular side of the
road, initiating a conversation with a greeting or using currency to pay for a service
are examples of situations in which a large number of people have agreed to use and
follow the same set rules and/or procedures. Using standards bring benefits to those
who decide to abide by them. For instance, having the appropriate regional currency
allows a person to travel to different parts of the region and conduct transactions
efficiently. On the other hand, the use of standards has its costs, related to either
development or maintenance. In the case of the early days of currency, in
Mesopotamia (Powell 1996), currency could be seen as the representation of grains
and the currency value was linked not only to the grains themselves but also to the
ability to protect the grains or whether that protection was available. Thus, develop-
ing this standard had additional costs than just the simple agreement between trade
parties. In modern days, the development, use and maintenance of standards have
costs that are not only financial but also cultural, technical and/or political.

It is also important to discuss the objective of standards. Different healthcare
data standards have been developed to suit different needs. Traditionally, standards
have been divided into those tailored to represent knowledge or “content standards”
and those that facilitate data communication or “interchange standards” (Hammond
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and Cimino 2006). The philosophies behind the development of these two types of
standards are different and their applications vary. For instance, an example of con-
tent standards is the International Classification of Diseases (ICD). This classifica-
tion or “system” lets clinicians in different environments to know the diagnosis of
the same patient. ICD was originally created to keep track of the reasons for mortal-
ity (Jernigan et al. 2010). The use of the standard evolved and the ICD is now used
around the world to record not only mortality causes, but also diagnosis used in
clinical operations, including documenting patient information and billing. Usually,
these standards are referred to as nomenclatures, terminologies or vocabularies. The
difference between these names depends usually on the content and objective for
which each standard was developed. For instance, the nomenclature (Hammond and
Cimino 2006) is defined as “system of terms that is elaborated according to pre-
established naming rules” while a terminology is a “set of terms representing the
system of concepts of a particular subject field.” Other naming conventions include
classification systems, dictionaries, thesauruses and ontologies. These systems have
the goal to represent knowledge in a structured way.

A different type of standard is used for the exchange of clinical information.
Primary examples are the standards produced by the Health Level 7 group (http://
www.hl7.org/). This group developed the HL7 Messaging Standard, which enables
member organizations to utilize one format to send and receive communications
between information systems.

Standards specifying appropriate storage structures for the data will also be impor-
tant for the area of medical and dental data integration. An example of this type of
standard is the ANSI/ADA Specification No. 1000 — Standard Clinical Data
Architecture for the Structure and Content of an Electronic Health Record (American
Dental Association 2003), which was developed by the American National Standards
Institute and the American Dental Association. The ADA continuously produces
documents such as specifications and reports that support dental care. These activi-
ties are conducted by the Standards Committee in Dental Informatics. Like the ADA,
there are several organizations participating in the development of standards.

Fortunately there several standards that are currently in use by both physicians
and dentists, and aprimary example is DICOM (Digital Imaging and Communications
in Medicine) developed by the American College of Radiology and the National
Electronic Manufacturers Association (Howerton and Mora 2008) which is used for
the electronic exchange of image based information. It will be up to those interested
in integrating medical and dental data to identify the appropriate choice of standard
depending on the type of information that needs to be transmitted.

2.1.1.1 Challenges

Despite the advances in the development of standards, there are still challenges that
need to be addressed when incorporating them. These can result in “unforeseen”
issues that may prevent the proper use and transmission of data. For instance, when
implementing standards it is necessary to consider issues such as the cultural back-
ground, context, costs and other factors that can play a role in their success.
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Fig. 2.1 Signs based on
different standards

Figure 2.1 presents two signs, made to serve the same goal but based on different
standards. Each sign is intended to ask drivers to “STOP.” Although both are in the
same language (Spanish), different interpretations can lead to problems for a driver
who is unfamiliar with the alternative sign. The signs in Spanish read “Alto” and
“Pare.” Both signs seek to convey the same message to their reader which is “to
decrease their speed until the vehicle is no longer moving.”

Yet, different countries have different conventions for which sign is commonly used.
In most cases, most drivers will understand what they are supposed to do even if they
are visitors from a country that uses a different convention. However, in some instances,
a driver unfamiliar with one of the words may not know how to interpret the sign,
which could cause an accident. In this particular case, the word “Alto” in Spanish also
has the meaning of the adjective “tall,” adding to the possibility of confusion. Thus, in
this case the cultural background plays a role in the interpretation of the standard.

Figure 2.2 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.

Another challenge with standards is the context in which they are used. We will
illustrate this issue by referring to a road sign used in the United Kingdom, and
depicted in Fig. 2.7. The sign is used to alert drivers of construction ahead. However,
the road sign is also known as “The man with a broken umbrella.” If a driver sees
the sign, he knows that soon he will encounter a construction area. However, if the
same driver is in a party and one jokingly refers to the street sign, the driver under-
stands that the sign’s meaning is different.

The former and later examples — the stop sign and the road sign — showcase that,
even though was an agreement was made to implement a standard, its interpretation
still varies with the context or cultural background. Fortunately, there are solutions
to address different interpretation. However, they are costly. In the case of the stop
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Fig. 2.2 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

sign, the country or regional area could change all their signs for new and unam-
biguous ones. Afterwards, policy makers would have to retrain the population of the
country or regional area to recognize the new sign. The implementation of this solu-
tion hinges on the resources the country or regional area has to be able to make this
change. Another approach would be to educate all the visiting drivers on what the
stop signs mean. In the case of “The man with a broken umbrella,” authorities could
forbid people misusing the meaning of the sign. Naturally, the problem with this
solution is its legitimacy and likelihood of enforcing the rule. Another issue with the
sign example is that the signs themselves need to be maintained and someone needs
to keep track of the location, use, and the structural condition of the sign.

It is also important to control “expectations” for those implementing standards.
Given the issues above, it is possible that two systems that are standard compliant
do not communicate. This can lead to misunderstandings and the eventual failure to
adopt a particular standard. Yet the challenge here is not the standard itself, but the
failure to adopt the appropriate procedures, policies and cultural changes that are
necessary to establish communication.

Despite of all these issues, it is highly beneficial to adopt standards and accom-
panying technologies since the benefits usually surpass the initial costs of adoption.
In other parts of this book, we review specific aspects of integrating medical and
dental data as well as the particular use of standards that lend themselves naturally
to accomplish this integration.

2.1.2 Rationale for Data Standards and Coded Terminologies
Jor Dentistry

Franklin M. Din

The need for Electronic Medical Records (EMR) has been established and social and
political forces are coalescing behind the effort. However, the actual implementation
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lags far behind. It is less the lack of effort and more a lack of understanding of what
constitutes an EMR that causes this lag. Many people think an EMR is as simple as
taking all the information in a paper record and putting it into a computer: Hard disk
replaces paper, keyboard replaces pen, and glowing pixels replace ink. Those that are
in the field of Informatics understand that an EMR is a whole new paradigm and thus
methods, assumptions, and techniques that apply to paper records may no longer
apply. Further, the advantages of digital information are now exposed to the field of
medicine. The leveraging of these advantages is evident in many aspect of general
life, like national access to the money in your bank account. Similar leaps of func-
tionality are now possible in medicine. However, to get to this new era in health, a
fully integrated (works with all data elements within a single application) and interop-
erable (works with all data elements across all different applications) EMR is
required. One of the keys to achieving a fully realized EMR is the related trio of
concepts data standardization, controlled vocabularies and clinical terminologies.
This paper addresses the issue of data standardization, controlled vocabularies and
terminologies as they relate to the Electronic Dental Record (EDR).

2.1.2.1 Purpose

Once all the information in this paper is absorbed, it is hoped that the reader will
understand:

* The importance of data standardization, controlled vocabularies and clinical ter-
minologies to integration interoperability of dental and medical data.

e The improvements to clinical care that result from proper use of the three ele-
ments (data standardization, controlled vocabularies and clinical terminologies).

* The need to integrate fully terminologies into decision support, allergy and drug
contraindication alerts and knowledge discovery processes.

* The need for Commercial Off—the-Shelf (COTS) software developers to plan for
the use of such data elements, even if they are not used at the current time.

* The need for dental opinion leaders to promote continually these three elements.

2.1.2.2 Understanding the Need
Data Standardization

An examination of any paper dental record will demonstrate the need for data stan-
dards. Let us start with a hypothetical treatment on a patient:

Upper right first molar received an MO Amalgam restoration.

This entry could easily be recorded as:

* #3 MO Amalgam
e #3 MO AM
e #3 MO Silver
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* #3 MO Amalgam
* 3 MO Tytin®

Any dentist reading any one of these entries knows that they all essentially mean
the same thing. To a computer that is limited to text (string) evaluation each one is
different. In the case of number 1-3, acomputer see ‘AM’ as different from ‘Amalgam’
or ‘Silver’. The three strings (sequence of alphanumeric characters) are different in
each. The computer has no knowledge that they are synonyms. In the case of number
4, there is a space between the ‘#’ character and the ‘3’ character. Again, different
strings mean they are different. In the case of number 5, the ‘#’ sign is missing and
instead of an indication that this is a generic amalgam, a brand name for the amalgam
is used. Again, the computer only knows that the string in number 5 is different from
the strings in numbers 1-4. Add misspellings and unusual abbreviations, like ‘amalg’,
and the problem multiplies.

So in order to make the computer understand that any one of the five entries
means the same thing (i.e., the same concept) a program would have to have that
knowledge built in. A program can have a subroutine that essentially points to a list
somewhere in which all five are equated to a common string. Something like:

e #3 MO Amalgam = #3 MO AM
* #3 MO AM =#3 MO AM

* #3 MO Silver = #3 MO AM

e #3 MO Amalgam = #3 MO AM
* 3 MO Tytin® = #3 MO AM

If the dentist enters a ‘#3 MO Amalgam’, the computer substitutes and saves ‘#3
MO AM’. Thus, we have now standardized the data. The five variations are all
equated to one standard string. This list of equivalent strings provides a way for the
computer to deal with synonymy.

But what happens if the dentist switches to Brand X amalgam and starts to save
his treatment record as ‘3 MO Brand X’. This new entry matches nothing in the left
hand column of the list of synonyms, so again the computer sees a wholly different
concept. We have just broken our carefully constructed table of synonyms.

One solution would be to add ‘#3 MO Brand X’ to the list (add “#3 MO Brand
X=#3 MO AM?”). While this strategy works, every time a new brand is used, another
mapping must be generated. This strategy is high maintenance, time consuming,
and inefficient. A better way is needed to address this.

Controlled Vocabularies

Is there any real reason that a dental record needs to accommodate all the variations
of the treatment, ‘upper right first molar with an MO Amalgam restoration’? If a
dentist understands that all the possible descriptions, numbers 1-5 above, are equiv-
alent, why do we need to accommodate all? Reducing the number of variations
would have real benefits for the EDR and the clinician. It reduces the number of
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entries that need to be mapped to a common term, and it reduces operator sensory
overload and confusion.

You can easily make an argument that number 1-3 are so commonly used that
any record keeping system must allow the use of any one. But the use case for num-
ber 4 and 5 are less straightforward. The question becomes, in order to keep the
number of synonyms to a minimum, what synonym can we eliminate from the list
without causing undue problem for clinicians? Clearly number 4 (‘#3 MO
Amalgam’) can be eliminated. We are just reducing the amount of typing necessary
to record the treatment.

Number 5 poses a more difficult issue. A case could be made that the brand name
is important since different manufacturers have different compositions and knowl-
edge of the composition could be valuable. So there is some value to keeping this
entry as is. Since we are now seeking to reduce the number of variations we allow,
the question becomes, “Is there any way to keep this information in a way consistent
with eliminating the number of choices to choose from?” Yes, if we allow for the
use of Brand name as a modifier to one of the three variations that we have already
agreed to keep. So now ‘3 MO Tytin® becomes ‘#3 MO AM’ with a modifier of
“Brand name=Tytin®". By adding a field to modify the term, we have eliminated
the problem of including all brand name variants and we have maintained the essen-
tial information of ‘#3 MO AM’, which is always important without losing the extra
information ‘Tytin®’.

We now have a rationale for reducing the number of ways to name the concept of
an ‘upper right first molar with an MO Amalgam restoration’. By relegating Brand
Names to a modifier of the main data element, we are exercising control over the
way in which a dentist can complete this data element. We have reduced the number
of ways in which this treatment is described from 5 to 3. The dentist is allowed to
use 1-3 and the computer saves a single choice.

Our vocabulary is now controlled.

Clinical Terminologies

We have now set up our EDR so that the dentist who wants to record a treatment of
‘upper right first molar with an MO Amalgam restoration’ has one of three choices
to describe the treatment and the computer only saves one description. So all ‘upper
right first molar with an MO Amalgam restoration’ are saved in the computer as ‘#3
MO AM’. Aren’t we done yet?

It is true that within the confines of a single application, we have all we need.
Data is standardized and vocabulary is controlled. In this state, the applications are
integrated but still do not meet the needs of interoperability.

If we wish to send the information of ‘upper right first molar with an MO Amalgam
restoration’ to another dentist, we cannot be sure that he can read and use the infor-
mation that we sent. His EDR may not have standardized on the ‘#3 MO AM’. His
software company may have settled on ‘#3 MO Silver’ as the concept. If we send ‘#3
MO AM’, his software must try to interpret this string against his list of synonyms.
If ‘43 MO AM’ is not in the synonyms list, we have failed to share information.
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So the controlled vocabulary is still insufficient for true integration and
interoperability. One controlled vocabulary is as valid as another is and the harmo-
nization between controlled vocabularies is not standardized. Further, the con-
trolled vocabulary does not provide any information regarding how one concept
relates to another. For instance, both caries and periodontal abscess are bacterial
diseases, but nowhere in a controlled vocabulary is this information captured. Thus,
it is not possible to perform logical analysis of dental terms using only a controlled
vocabulary. Using the caries and periodontal abscess example, it is not possible for
a computer to include both conditions is a frequency distribution of oral bacterial
diseases.

To resolve this issue, we need to progress toward a reference terminology in
which:

» Specificity: A single concept is established as the base against which all similar
terms are equated. One concept with multiple synonymous terms.

* Relatedness: Each concept has an explicit relationship to other concepts. Generally
the main relationship that give the reference terminology its structure is the “is a”
relationship (commonly expressed as type — subtype or parent — child).

These are produced by Standards Development Organizations (SDO), like the
International Health Terminology Standards Development Organization (IHTSDO)
which produces SNOMED CT and National Cancer Institute (NCI) which produces
BiomedGT. These SDOs, within their own well-defined domain of knowledge, con-
struct a data set that can act as a universal representation of medical concepts. To
make these concepts useable in any application, they all assign an alphanumeric
code to each concept. These codes are the same anywhere in the world. So if ‘#3
MO AM’ is coded ‘123, then any application throughout the world that under-
stands this code system, will correctly identify ‘123’ as ‘#3 MO AM’.

The use of coding all concepts has added advantages in that an abstract alphanu-
meric, ‘123’ is easier to process than a string in which a variant in the string may or may
not change the meaning of the concept.

We now have all the elements necessary to make EDRs with interoperability.

We Have Terminologies in Dentistry. Look at CDT. Aren’t They Good
Enough or Do We Need More?

By now, we hope that you have concluded that a coded terminology is necessary for
the future of interoperable electronic records. So this leads to the next issue. What
do we really need for an EDR?

Up to this point, we have used the example of ‘#3 MO AM’ because the concept
is easy for any Dentist to understand. Further, any dentist also knows that we already
have a way to code this concept. Current Dental Terminology (CDT) allows us to
code ‘#3 MO AM’ as a combination of the tooth number (which by definition is a
terminology) ‘#3” and the concept of ‘MO AM’ which is captured in the CDT code
of ‘D2150’. But that is all we can do with this terminology. The code of ‘#3’ and
‘D2150’ provides no information about the diagnosis that led to the treatment,
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Table 2.1 Dental examination coding

Coded terminology Coding for “dental exam”

SNOMED CT 34043003 — dental consultation and report (synonym of dental
examination)

SNODENT No coding for a dental examination

LOINC 34045-5 - ORAL EVALUATION EXAM

CDT DO0150 — comprehensive oral evaluation — new or established patient

Table 2.2 Medical history of liver disease

Coded terminology Coding for “medical history of liver disease”
SNOMED CT 392521001 — history of
235856003 — liver disease
SNODENT G-0001 — History of (present illness)
No code for “Liver Disease”
LOINC 11348-0 — HISTORY OF PAST ILLNESS
No code for specific illness
CDT No code for medical history

nothing about the signs and symptoms, nothing about co-morbidities, nothing about
the patient’s medical status, etc. In any dental record, we would like to capture all
clinically relevant information and tooth number and CDT code do not do that. At
best, tooth numbering and CDT is incomplete.

The first thing that needs to be decided is what kind of information do we need
to capture in a complete dental record? In other words, what is minimal level of
information that must be captured in a dental record that allows another dentist to
form a complete clinical picture just by reading the record? Secondly, can this mini-
mal information be captured in some coded terminology in order to meet the needs
of an EDR?

To answer these questions, let us examine a generic dental visit. The dentist con-
ducts an examination, reviews the medical history, makes a diagnosis, treats the
problem and evaluates the treatment for a prognosis. The dentist may also order a
prescription and perhaps a lab test. Let us code this generic visit using some existing
terminologies that are relevant to dentistry.

Examples of coding for the initial “dental examination™ are (Table 2.1):

A patient history is a requirement of a good medical/dental record. Examples of
coding a “medical history of liver disease” are (Table 2.2):

Once the examination has taken place, the signs and symptoms along with any
descriptive qualifiers are noted. Things like “severe throbbing pain in the lower left
jaw.” Such statements can be parsed into the individual important components like
“severe,” “throb”, “lower left,” “jaw.” Each of these can be coded (Table 2.3):

A diagnosis of “caries” for the problem can be coded as (Table 2.4):

A decision is made to perform some procedure to correct the disease or abnor-
mality. As noted in the introduction, treatments can be coded. For “#19 MO amal-
gam,” the coding would be (Table 2.5):
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Table 2.3 Coding a patient’s Coding for “severe throbbing pain in the
complaints Coded terminology lower left jaw”
SNOMED CT 29695002 — throbbing pain
76948002 — severe pain
255480002 — left lower quadrant
91609006 — bone structure of mandible
SNODENT T-11180 — lower jaw bone
G-A101 — left
G-A003 — severe
F-51060 — pain in oral cavity
No code for “throb”
LOINC No code for clinical findings
CDT No code for clinical findings

Table 2.4 Coding for caries  Coded terminology Coding for “caries”

SNOMED CT 80353004 — simple dental caries
SNODENT D5-10111 — simple dental caries
LOINC No code for clinical findings
CDT No code for clinical findings

Table 2.5 Coding for an MO amalgam
Coded terminology Coding for “#19 MO amalgam”

SNOMED CT 31196005 — amalgam restoration, two surfaces, permanent
245658003 — mesial-occlusal
8962500 — mandibular left first molar tooth
SNODENT T-54390 — mandibular left first molar tooth
T-54014 — mesial surface of tooth
T-54011 — occlusal surface of tooth
No coding for “amalgam restoration”

LOINC No code for clinical findings
CDT D2150 — amalgam — two surfaces, primary or permanent
No code for tooth #19

No code for tooth surfaces

Once treatment is performed, there is some evaluation of the “prognosis” of the
treatment. The coding would be (Table 2.6):

A drug may be prescribed, like Amoxicillin, 500 mg tablets. And the coding
examples are (Table 2.7):

Lab tests can be ordered. For example, a dentist contemplating an extraction may
wish to order a PT, PTT or INR for a patient with Liver disease who may have a
clotting problem (Table 2.8).

So, if we include the patient personal demographic information as well as the
items above, medical history, signs and symptoms, diagnosis, treatment, labs, medi-
cations, and prognosis, we have all the needed information to understand the full-
ness of the office visit.
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Table 2.6 Coding for a
prognosis

Table 2.7 Coding for a
prescription

Table 2.8 Coding for
bleeding control

Table 2.9 Extensiveness
of code
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Coded terminology

Coding for “good prognosis”

SNOMED CT
SNODENT
LOINC

CDT

170968001 — prognosis good

No code for prognosis

32966-4 —- DENTAL PROGNOSIS
for a procedure

No code for prognosis

Coded terminology

Coding for “amoxicillin, 500 mg
tablets”

SNOMED CT
SNODENT
LOINC

CDT

374646004 — amoxicillin 500 mg tablet
No code for drugs

25274-2 - AMOXICILLIN

18616-3 — strength

No code for drugs

Drug codes (Rxnorm, All will code for a drug

NDC, etc.)

Coded terminology

Coding for “PT and PTT lab tests”

SNOMED CT

SNODENT
LOINC
CDT

396451008 — PT assay
42525009 — PTT assay

No code for lab tests

34529-8 — PT and APTT PANEL
No code for lab tests

History and clinical exam SNOMED CT, SNODENT, LOINC

Diagnosis

SNOMED CT, SNODENT, LOINC

Procedure and treatment SNOMED CT, CDT, ICD-9

Prognosis
Medication
Labs

SNOMED CT, LOONC
SNOMED CT, RxNorm
SNOMED CT, LOINC

Now the second half of the issue, can these data be coded? Short answer yes,
every data element can be coded as evidenced in the examples above. The following
table is not definitive but is used merely to demonstrate that there is at least one
Terminology to cover an aspect of clinical information (Table 2.9).

The names in the right hand column are names of different terminologies. They
are useful for coding a complete dental record. The fact that one or all of these are
unknown to you is immaterial to this discussion. The important observation and
conclusion from viewing this table is that there is a way to code every pertinent

piece of clinical data.
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2.1.2.3 Okay, so terminologies and data standards are integral to a complete
EDR. Assume that you have a complete EDR with all critical data
elements properly coded via one or more Terminology. What is the
benefit besides the ability to share the record with another dentist?

Let us start by assuming that a dentist has used a fully realized EDR with coded
data elements everywhere for a year. What kinds of benefits accrue to this
practitioner?

The best way to analyze this is to compare the fully coded EDR against a stan-
dard dental management application in which only CDT codes are maintained. The
dentist can generate a lot of knowledge from the EDR data that is nearly impossible
to generate from a dental management application. Examples are:

*  We wish to analyze root canal treatment utilization. If we are using management
software alone, we can do a count of the number of root canal treatments that
were performed, the percentage of root canal treatment versus all other proce-
dures, etc. However, there is no way determine how many root canal treatments
were the result of periapical abscess versus fractured tooth pulp exposure. With
the complete coded EDR, such an evaluation is very straightforward.

e Isthere a link between periodontal disease and heart disease? If there is a correla-
tion, what type of periodontal disease at what severity is correlated with what
type of heart disease? This analysis is nearly impossible with management soft-
ware but straightforward with a full EDR. Just query the records in which the
code(s) for heart disease and the code(s) for periodontal disease appear for the
same patient.

e How about proactive decisions? Suppose the patient has a complex medical his-
tory and is taking multiple medications. You have determined that multiple
extractions are indicated. What precautions should the dentist take before the
extraction, what alterations need to be made to the medication schedule (e.g. stop
Coumadin treatment 3 days prior to extraction), and is there a change in progno-
sis? Decision support that evaluates all these factors automatically would be a
great patient safety check. Coded data makes decision support modules
possible.

2.1.2.4 The Terminologies Used in the Examples and in the Chart Are a
Mixture of Medical, Pharmaceutical and Dental Terminologies.
How Do We Determine Which One We Should Use?

A quick look at the table and examples would suggest that dentistry adopt SNOMED
CT and forget all the others. SNOMED CT can code most of dentistry. It is not a
complete ontology (a structuring of knowledge about things according to their
essential qualities) that can fully describe all of medicine and dentistry. Other,
more focused terminologies, like LOINC for lab tests, are more comprehensive
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within a specific domain than SNOMED CT. Thus one of the factors to consider is,
“can we sacrifice details for simplicity without losing clinical information?”” The
true answer to this question requires a careful and detailed analysis of the data
requirements for the individual clinical specialty. In our case, the domain is den-
tistry. This type of analysis is difficult, time consuming, and ultimately may not
answer the question.

Since we recognize the every terminology has strength and weakness, a better
approach is to use whatever is best for a specific purpose. So using LOINC over
SNOMED CT is best for coding of laboratory tests. RxNorm is a better choice over
SNOMED CT for drug information. SNOMED CT is the choice for coding of clini-
cal findings. For coding of dental procedures, CDT is the logical choice. This strat-
egy provides the most comprehensive way to code dental information.

2.1.2.5 OQutside of CDT and Possibly ICD-9, There Are No EDRs That
Incorporate These Terminologies. This Is a Lot of Work to Do.
It Is Not Going to Happen in the Near Future

This is precisely the point and the purpose of this position paper. This big effort will
take time. However, an old Chinese proverb states, “A journey of a 1,000 miles
begins with a single step.”

Everything that preceded this section should have convinced you that clinical
terminologies are useful and more importantly inevitable. So EDRs, whether cus-
tom designed or COTS products, must begin to account for these terminologies in
their product. This means that all future software must be designed to accept the
coded entries even if the software is not yet prepared to use the coded data ele-
ments. In simple terms, the software must account for a clinician selecting a clini-
cal condition and the associated code for that selection. And there must be fields
within the database to store this data. The functionality to use this data can be
added later. The important thing is to start collecting the coded data as soon as
possible.

The actual terminologies to be used are a matter for debate. This author prefers
SNOMED CT as the choice for coding of clinical findings, diagnosis, and problem
lists. CDT and ICD-9 works well for filing of claims for reimbursement for proce-
dures. LOINC has limited usefulness since dentists rarely order labs tests.

2.1.2.6 Do We Really Need to Share Dental Information with Our
Healthcare Brethren?

Dentistry is not separate and distinct from the rest of healthcare. We need to be able
to share information with medicine, pharmacy, etc. for patient safety, and treatment
efficiencies. There is no reason for patients to have a medical history for a physician
and one for a dentist, etc. This occurs because the two professions do not share
patient information. In a world with a truly interoperable EDR, pertinent parts of a
patient’s EMR can be shared with his EDR. For instance, both a dentist and a
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physician need to know if a patient has liver disease. Having each capture and
record, such information is redundant and prone to errors.

Dentists often write prescriptions for their patients. Consider the advantages of
electronic prescription order vs. our current paper prescription. As above, there is a
time savings and the redundancy of entering demographics and medical history is
avoided. The pharmacy can also run the prescription against a knowledgebase of
drug-drug interactions prior to dispensing the drug, thus preempting potential harm
to the patient.

2.1.2.7 Summary

The full scope of data standards, controlled vocabularies and coded terminologies
are beyond this paper. Instead, the hope is that everyone involved with EDRs now
understands the importance of this component and that all stakeholders focus their
attention to this critical issue. Developers and commercial software vendors must
plan to incorporate these data elements in their applications. Purchasers of EDRs
must insist that the applications they buy incorporate these elements. And the Dental
Informatics community must remain in the lead on these issues.

The Dental Informatics community has special responsibilities. We need
to take the lead in spreading the word. This involves meeting with software
developers and insisting that our information needs are met. We must act as
the opinion leaders and press the agenda in all public forums related to EDRs.
We must work within the terminology community to insure that our data needs
are an integral part of any decisions by the SDOs. We must ensure that dental
organizations, like the American Dental Association (ADA), understand that
EDRs are integral to their clinical, research, public health and administrative
initiatives. Further, we should provide other dental organizations advice and
counsel, as we accept theirs, to insure that we act as partners in our public and
professional efforts.

2.1.2.8 Final Thoughts

A case can be made for dentistry to sit out the early efforts in electronic records
implementation. Let others make the costly mistakes and once they get things
working, then we will join the process. The problem with this “wait and see”
approach is that they will make decisions that serve their purposes without regard
to the needs of dentistry. These decisions may be detrimental to dentistry. Then we
will be in the unenviable position of trying to change the direction of all the others,
who are much further advanced, who have undertaken the difficult process of set-
ting and agreeing on standards, and who have committed significant financial
expenditures, in order to accommodate our needs or we try to shoehorn a bad solu-
tion. A better approach is to engage now, when the difficult issues are being
resolved so that our needs are included in any final decision. Better to shape the
future than be dictated by the past.
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2.1.3 American National Standards for Health Data Integration:
Content Development

Mark Diehl

At the 1996 annual meeting of the American Dental Association a resolution was
adopted by the House of Delegates stating a vision where a continuum of patient
health data, unencumbered by boundaries dictated by profession, specialty or disci-
pline improves the quality of health outcomes, patient safety and economy of care
delivery.! With this resolution, the American Dental Association became the first
and remains the only major health care professional organization to endorse whole-
patient integration of patient health data. The Association considers the electronic
health record to be a complete collection of patient data, a compilation of an indi-
vidual’s lifetime health conditions and health care from conception through post-
mortem. This body of patient data is in automated form (i.e. electronic form) rather
than an automated conversion of conventional physical paper documents.

The American Dental Association’s Standards Committee on Dental Informatics
(SCDI) subsequently created a number of standards that implement the House of
Delegates 1996 Resolution. Specification 1039 presents a conceptual data model for
clinical care. Specification 1000 presents a logical data model for health care data.
Both are American National Standards approved by the American National Standards
Institute (ANSI) and both address whole-patient data and cross the professional and
specialty boundaries traditionally separating medicine, dentistry, and other health
care professions. When taken together, along with the companion implementation
guide, these standards provide a blueprint for the construction of databases contain-
ing whole-patient health data and provide the foundation for semantic interoperabil-
ity in the exchange of health information. Both the Specification 1039 and 1000
apply to the data tier of health information systems, providing the conceptual and
logical data structures for making? the patient’s health data persistent.

The Specifications 1000, 1039, and related publications are based on current
state and federal medico-legal requirements for health records, application of infor-
mation theory, and the data requirements to support clinical processes and care out-
comes. These standards are the only American National Standards that focus on the
patient or health care recipient rather than on the management of health records,
data exchange or the encounter or business aspects of care delivery.

At the heart of these standards are models that conform to standard information
modeling best practices.® These standards include a progression of standard infor-
mation models from a clinical conceptual process model and a clinical conceptual
data model to a clinical logical data model. The data entities and attributes presented

'The American Dental Association House of Delegates Resolution 92H-1996 states this vision of
“seamless accessibility of health information throughout all aspects of health care, independent of
profession, discipline or specialty, or care delivery environment.”

“Storing data in the long term.

SASTM 2145-07 Standard Practice for Information Modeling. Available from www.ASTM.org.


http://www.ASTM.org
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Fig. 2.3 Overview of the
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in these standards are those needed to operationalize the processes identified in the
process model. Because these data models are derived from a comprehensive,
whole-patient clinical process model, the data likewise applies uniformly across
professional and specialty boundaries.

Information modeling is an appropriate technique to develop a comprehensive
understanding of healthcare processes and the data supporting these processes. The
American Society for Testing and Materials (ASTM) standard E2145 for informa-
tion modeling best practices defines a model as a representation in any form of real
or envisioned things or events. Models provide a means to understand structures,
processes and concepts where size and complexity renders human perception or
comprehension difficult or impossible. Models are valuable tools to explain, analyze
or predict processes and structures which currently exist, have existed in the past or
may exist in the future. The size, scope, and complexity of the health care delivery
environment, along with the complexity of health knowledge and health care pro-
cesses, makes information models an ideal vehicle to assist human understanding.

2.1.3.1 Modeling Process

As noted in ASTM E2145, information models progress from a description of pro-
cesses through increasingly detailed descriptions of the data needed to enable these
processes. As illustrated below (Fig. 2.3), the data description depends upon a
description of the processes that use these data, and the models provide a means to
efficiently and effectively describe both processes and data.

This approach predates information system and information theory, going back
to the fundamental teachings of the architect Louis Sullivan, “form ever follows
function.” The process model describes the processes and provides the starting
point for a conceptual data model. The conceptual data model then identifies the

“Louis H. Sullivan regarded excessively decorative elements as superfluous. Likewise in informa-
tion modeling, excessive detail and ornamentation contribute little to understanding; rather these
serve to complicate design, inhibit comprehension and ultimately defeat the purposes of informa-
tion modeling. See http://www.famousquotesandauthors.com/authors/louis_h_sullivan_quotes.
html and http://en.wikipedia.org/wiki/Louis_Sullivan.


http://www.famousquotesandauthors.com/authors/louis_h_sullivan_quotes.html
http://www.famousquotesandauthors.com/authors/louis_h_sullivan_quotes.html
http://en.wikipedia.org/wiki/Louis_Sullivan
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Fig. 2.4 Sequence of models generated to reach a comprehensive Conceptual
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fundamental data items and relationships used by the processes. The conceptual
data model is the origin of one or more logical data models that expand upon and
detail the conceptual data. The logical data models then become the origin of the
physical data model — a description of the structure of persistent data to be deployed
on a specific technology (Fig. 2.4).

This progression of models ensures that the data structure implemented in the
system accurately and effectively meets the needs of the processes it supports.

The original Specification 1000 standard was adopted in 2001 and contained
descriptions of the process and data models. The Specification 1039 standard
expanded upon this description and formalized the process model and derivation of
the clinical conceptual data model. Both Specifications employ a structured descrip-
tion using the ANSI standard IDEF notation, IDEFO for process modeling and
IDEF1X for information modeling.’ The IDEF notation has been successfully used
in healthcare activity and data modeling the public and private sector organizations
for well over a decade.®’

2.1.3.2 ANSI/ADA Specification 10398

The Specification 1039 establishes a shared understanding of the structure and con-
tent of data needed to support healthcare processes. It is the foundation for a variety

SIDEF methodology described by the National Institute of Standards and Technology, Federal
Information Processing Standards Publications 183 Integrated Definition for Function Modeling
(IDEFO) and 184 Integrated Definition for Information Modeling (IDEF1X), 23 December 1993.

IDEFO aims at capturing “decisions,” “actions” and “activities” and IDEF1X has the goal of modeling
data for using it as a resource. These use graphical representations as part of the modeling process.
‘Bourke, M.K. Strategy and Architecture of Health care Information Systems. New York: Springer. 1994.
"United States Department of Defense, Military Health System (MHS) IDEF Process and Data

Models used in the MHS Functional Area Model — Activity (FAM-A), and MHS Functional Area
Model — Data (FAM-D), various dates.

8Available from the American Dental Association, Department of Standards Administration,
211 E. Chicago Ave., Chicago, IL 60611.
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Table 2.10 The diagnostic Human decision

therapeutic cycle process Equivalent healthcare decision process
Observation Data acquisition
Reasoning Diagnosis
Planning Treatment plan
Action Treatment

of more detailed data representations of clinical information. Specification 1039
also determines the structure and content of clinical data presented in the various
types of electronic health and patient records. The Specification document provides
descriptions and graphic depictions of those activities and data structures specific to
clinical healthcare and population health services. It presents a view of the main-
stream of individual and population health and care delivery processes found in the
United States, drawing generalities from the activities shared among practitioners
and providers. Non-clinical processes and data structures (e.g. administrative, finan-
cial, supply chain, etc.) are addressed if they directly relate to personal and popula-
tion health, and directly support healthcare delivery processes. Important to the
reader is that this Specification does not address or establish standards for clinical
care. It does not establish standards for the quality, efficacy or effectiveness of clini-
cal practice, the conduct of clinical research, or informatics standards for manufac-
turing processes in the healthcare supporting industries.

In order to best support healthcare delivery, independent of technology, health-
care profession or specialty, or care delivery environment, the Specification of the
clinical conceptual data model applies the “form follows function” approach. This
approach first analyzes the fundamental activities shared throughout the delivery of
healthcare services.

This analysis creates a clinical conceptual process model as a high level struc-
tured analysis of the activities shared by care providers in the delivery of health care
services. The component detail of the process model is such that it is possible to
identify the principal types of data needed to support these activities, but it is only
specified until activities of health care providers diverge. The model does not reach
the depth of detail where the differences in clinical and business practices require
differences in the description of activities and supporting data content and structure.
The conceptual process model therefore establishes a clinical foundation for the
conceptual data model that directly ties the data structure to clinical process.

All healthcare providers share a common, rational process in performing clinical
services, the Diagnostic-Therapeutic Cycle.” This process is identical to that
employed in other human decision processes, consisting of observation, reasoning
and action, as illustrated in the table below (Table 2.10):

°This Diagnostic-Therapeutic Cycle is variously known by a variety of terms and is widely cited
in the medicine texts used in first-year professional education; this is also noted in Van Bemmel, J.,
and M.A. Musen (Eds.). Handbook of Medical Informatics. 1st edition. Springer. 1997.
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In IDEFO notation, the Clinical Process or Diagnostic-Therapeutic Cycle appears
in the Specification as (Fig. 2.5)'°:

This diagram reflects the four fundamental processes performed in clinical
care, and in many other service roles like automotive repair. The first process
is to gather information about the case at hand. Component tasks may include
performing a physical or clinical examination, use of imaging and physiologic
instrumentation, performing histopathology and clinical chemistry studies, etc.
Collectively, these produce a body of information that the doctor uses to deter-
mine one or more diagnoses and etiologies, as performed in the diagnosis, or data
analysis process. One of the possible outcomes of the diagnostic process is the
need for additional data, such as a radiographic referral. A differential diagno-
sis (e.g. Multiple myeloma 0.85, MGUS 0.11, plasmacytoma 0.04) may be the
result of the diagnosis process, though commonly providers work from only a
single diagnosis. A treatment plan process establishes the intervention plan to
address the diagnosis. In complex cases, especially involving coordinated care
among multiple professions and specialties, this plan may be constructed in mul-
tiple steps, may be revised as needed and may indicate the need for acquisition of
additional diagnostic data or performing a subsequent diagnosis step. In the treat-
ment process those interventions identified in the treatment plan are performed.
An important note is that outcome assessment is a subsequent performance of this
process, where the assessed outcome is the product of the diagnostic process and
may indicate the need for subsequent care.

IDEFO identifies the individual activities and illustrates the relationships among
these without showing the sequence in which these are performed. For the clinical
process, this is important since the progression of these activities is rarely a single
waterfall path, but rather a cascade with branches to previous activities as shown
below (Fig. 2.6):

The extensive recursion illustrated above reflects clinical events where a provider
may need to return to a previous activity to develop additional data, for example,
where during diagnosis the need for data from additional clinical tests becomes
evident. This clinical process is continuously repeated over periodically until the
course of care is completed.

The arrows in the IDEF diagram are called ICOMs, standing for Inputs, Controls,
Outputs and Mechanisms. Controls are those things that are employed to regulate or
constrain the activity. Inputs are consumed or changed by the activity and Outputs
are things created, modified or produced by the activity. Data or information under
this notation is always an output or a control — it can never be an input since it the
original data or information is never altered or destroyed. The ICOMs, especially
the outputs and controls define categories of data to be represented in the conceptual
data model. These also approximate the major subject areas in the logical data
model derived from the conceptual data model.

IDEFO0 Diagram from page 30 of the ANSI/ADA Specification 1039.
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Fig. 2.6 Clinical process as

. .. Data
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As shown in the diagram below, the Specification 1039 conceptual data model is
centered on the individual, a single person or other living thing (Fig. 2.7)."

In this model (Fig. 2.12), every individual has one or more health conditions,
defined as their state of health and well being. As noted in the process model dia-
gram shown above, an output of the Obtain Patient Health Data activity is Health
Service Information including the body of Health Facts. The data model diagram
shows the connection between the Individual and one or more Health Facts gener-
ated by that activity. The care provider operates on the assembled body of facts to
determine a diagnosis and etiology, and the patient and care provider determine the
course of care as a Treatment Plan. This plan may be linked to a desired or intended
Health Condition as an expected outcome.

In both the process model and the data model, neither the activities nor data are
siloed or compartmentalized by profession or specialty. This conceptual data model
serves as the starting point for a clinical logical data model, in the Specification
1000, and becomes one span of the bridge linking the clinical database to the clini-
cal processes it supports.

2.1.3.3 ANSI/ADA Specification 1000

The ANSI/ADA Specification 1000 was approved as an American National Standard
by ANSI on February 2,2001. This standard was initiated in response to the American
Dental Association House of Delegates Resolution 92H-1996 previously cited. The
origin of this work was the Computer-based Oral Health Record concept model in
the mid-1990s. The standard was the culmination of a work effort that created a

"10ther conceptual models are centered on the provider, the procedure or the encounter.
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standard health care logical data model based on the COHR Concept Model, and
conducted protracted public review of its component subject areas from 1997 through
2000. Revision and updating of the standard and its logical data model began review
for consensus in 2008 and was approved by ANSI on February 22, 2010.

The Specification 1000v2 logical data model was developed by expanding upon the
Specification 1039 conceptual data model. The numerous ‘many-to-many’ relationships
were broken, additional entities created, and attributes added to the entities to provide
detail. Several new subject areas were added to reflect expanding interest in the applica-
tion of the logical model to health care practice, management and regulation. The
Specification logical data model now contains 32 subject areas as identified below:

Individual Organization healthcare materiel item
Individual characteristics Provider healthcare materiel
Population Patient health facts

Population characteristics Patient specimen

Organization Patient object

Location Population health facts

Location associations Patient health condition diagnosis
Location characteristics Population health condition diagnosis
Communication Patient treatment plan

Healthcare event Treatment plan expected outcome
Health services provider Population outcome reference
Provider credentials and privileges Patient health service

Healthcare services Clinical investigation

Health services objects Clinical investigation design
Healthcare materiel Codes and nomenclature

Healthcare materiel item Reference tables

The concept of ‘individual’ is used rather than separate entities for patient or care
recipient, provider, other interested party, etc. These component roles are type coded
in other subject areas and are consistent with the entity-role designation in other
standards such as the Health Level Seven Reference Information Model. The term
Individual also allows for application to non-human recipients of health services, as
in veterinary medicine. Where other industry standard and common data models in
medicine and health care are usually from the context of the heath care encounter,
the healthcare procedure, or its reimbursement, the context of the Specification
1000 logical data model is the individual and their condition of health and well
being. The Individual subject area is, therefore, the key and essential focal point of
the Specification. This subject area establishes a standard data structure for the iden-
tification of all participants in the health care process.

2.1.3.4 Subject Area Descriptions

The Individual subject area provides a standard structure for the human name that is
independent of cultural, geographic tradition, or language constraints. The same
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data structure is applicable to represent names in the individual’s own preferred
form. Thus, a person’s native Spanish or Asian name structure and content can be
represented with the same data structure as readily as with a Western name
structure.

Recognizing there is no uniformity internationally regarding the application of a
national patient identifier, the Specification allows for a system-assigned identifier
or a national identifier is applicable. Any number of alternate patient identifiers,
such as motor vehicle operator number or another government-assigned identifica-
tion number, can be represented. This data structure, where the individual’s identi-
fication, name, associated detail and characteristics, and health data are in separate
entities, readily enables deidentification of health care data for purposes, such as
research, implementing data privacy and confidentiality provisions.

The Individual Characteristics subject area presents a structure to record the
essential characteristics of an individual as used in patient registration, demo-
graphic and epidemiology applications. An Individual may have one or more char-
acteristics represented through a subtyping into eight separate entities by Race,
Ethnicity, Language, Religion, Sex Characteristic, Taxonomy, Living Arrangement
and Physical Characteristic. Sex Characteristic is preferred over terms such as
Administrative Sex, to allow multiple characteristics to be presented (e.g. anatomic
sex, sex preference etc.) The Taxonomy enables consistent classification of non-
human living things.

The Living Arrangement and Physical Characteristic are new entities added in
this revision. The Living Arrangement contains data, such as noting whether an
individual lives alone, that may be of importance when planning a course of care.
The Physical Characteristic is a collective entity used to contain any number of data
items, such as hair color, body mass index etc., that are not generally considered a
health fact.

The Population Characteristics subject area has much the same data structure as the
Individual Characteristics, allowing for comparison of an individual with one or more
populations in which that individual is a member. This relationship provides a data
structure that also enables a key and essential element of evidence-based practice
where expected outcome is predicted by experience in the appropriate population.

The Organization subject area establishes a standard data structure for the iden-
tification of organizations, the relationships among these organizations, and the
relationships between the organizations and individuals participating in the health
care process. The Location subject area provides a data structure that identifies,
names and positions a specific location (geographic, not anatomic) as well as link-
ing that location to individual and organizational occupants.

The Communication subject area creates a standard data structure for communi-
cations among individuals and organizations involved in the health care process. This
data structure and its reference values are consistent with the Health Level Seven 2.X
standards. The Health Care Event subject area reflects that the traditional view of the
health care encounter or episode is being challenged by increasing emphasis care
delivered outside of the health care facility and the impact of telemedicine and infor-
mation technology. This subject area reflects that all such health care events share a
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common set of characteristics, being the junction of all participants of health care
services at a point in time, unconstrained by physical co-location.

The Health Services Provider subject area identifies providers, classifies these as
either individual providers (doctor, nurse etc.) or an organizational provider (hospi-
tal, clinic, private practice etc.), and associates the provider with locations and one
or more professional specialties performed at a location.

The Provider Credentials and Privileges subject area establishes a standard data
structure to identify and characterize the level of a healthcare professional’s exper-
tise obtained through formal training along with any other credentials obtained by
that individual. This subject area contains data items used to assign credentials and
privileges for both accreditation and certification. It also identifies and characterizes
those services and procedures that a healthcare provider is authorized by an organi-
zation or other individual to deliver or perform and contains data that characterize a
provider such as used in enrollment and credentialing transactions.

The Health Services Objects subject area contains object data, such as video
images, of healthcare services and their components such as procedures and steps.
These objects may be associated with individuals or organizations, such as a proce-
dure associated with a particular hospital or practitioner. This subject area also pro-
vides a data structure to enable a detailed audio/video training module, such as for
administration of an anesthetic block or performing a specific incision biopsy.

The Health Care Materiel subject area establishes a standard data structure for
those materiel items used in healthcare processes, where the Healthcare Materiel
Item subject area links that data with a specific procedure for an individual. The
Organization Healthcare Materiel Item subject area contains data structures required
to track materiel items within an organization, such as in keeping an inventory of
healthcare materiel at clinical locations, routing these items to the point of delivery
of care services, and the subsequent recovery and disposition of those items. The
Provider Healthcare Materiel subject area contains data structures to enable docu-
mentation of a provider’s selection of specific materiel items to perform a proce-
dure, reflecting the professional desires of that provider.

Another essential concept in this Specification is the representation of clinical
knowledge about the case at hand. The Patient Health Facts subject area creates a
structure for patient information that identifies and describes an individual’s health
facts at a date and time. The term fact as a collective term containing all relevant
information items is preferred over separate terms such as finding, observation,
symptom, etc., that are subtypes of the parent Fact entity.

The Patient Specimen subject area provides the data structure to document sur-
rogates for that patient, such as excreta, secreta, blood and blood components, tis-
sue, and tissue fluids that have been collected from an individual. The Patient Object
subject area presents a data structure to link an image or other representation of an
individual’s physical structure or process, and handled as a large data stream with
associated processes needed to reconstruct the object.

The Population Health Facts subject area presents a structure that organizes and
structures population health information as the basis for comparison to an individu-
al’s health facts.
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The Patient Health Condition Diagnosis subject area establishes a standard data
structure for the determination of an individual’s health conditions supporting the
diagnostic processes performed by a care provider.

The Population Health Condition Diagnosis subject area provides a data struc-
tures serving as an evidence-basis or reference for the diagnostic processes used by
a care provider to determine an individual’s health condition.

The Patient Treatment Plan subject area presents data structures required to sup-
port the planning of health care services, presentation to the care recipient, and
informed consent by the care recipient. The Treatment Plan Expected Outcome sub-
ject area enables the documentation of the desired or expected outcome on which
the treatment plan is based. The Population Outcome Reference subject area pres-
ents a data structure reference to support the evidence-based logical processes. For
example, this could be used to determine the probability of achieving an outcome
for an individual, if this is known for the population of which that individual is a
member and which presents those same health facts and diagnoses.

The Clinical Investigation subject area provides a data structure supporting
clinical investigations in health care research, identifying the participants in a
clinical investigation (e.g. investigators, organization, etc.), the type of study pop-
ulation (e.g. control population), and specifies the hypothesis. This can also link
the investigation to another study. The Clinical Investigation Design subject area
contains data that identifies and details the study methodology or protocol along
with specific materiel to be used. This subject area also identifies the subjects
participating in the investigation and associates those individuals with the study
population.

The Codes, Nomenclature and Reference Tables subject areas are essential to
provide reference data for the implementing subject areas, such as individual and
population characteristics, clinical components and the supporting services. The
Codes and Nomenclature subject area provides a standard data structure to identify,
characterize and track over time those reference codes and nomenclature used in the
health care process, present these independent of language, and relate codes both
within a code system and to codes in other code systems.

2.1.3.5 Conclusion

Implementation of this Specification is addressed in the ANSI/ADA Specification
1027 Implementation Guide. This document shows how to forward engineer the
logical data model, optimize the physical data model and create a functioning
database that is Specification 1000 compliant. The importance of compliance lies
in the benefits of seamless, Standards-compliant data. Such data provides the
semantic interoperability that along with the syntactic interoperability of stan-
dards such as promoted by Health Level Seven enables individuals to share
thought. Without this semantic interoperability, a concept may not be totally
understood when conveyed from one person to another, even though the physical
communication may have succeeded.
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2.1.4 Knowledge Representation and Ontologies

Miguel Humberto Torres-Urquidy and Valerie Bertaud-Gounot

2.1.4.1 Introduction

Intelligent beings are required to construct mental models about their reality since
most things that exist are external to them. For instance, a clinician first needs to
construct a mental model of the patient’s problem before deciding on a particular
diagnosis or treatment. This requires clinicians to gather data and make sense of it in
a structured way. Depending on the complexity of the task, clinicians use different
“tools” to generate this structure. If the problem at hand is relatively simple, they
may just ask questions to a patient and store the answers in memory or in a blank
sheet of paper. However, as problems become more sophisticated, humans have
invented tools to manage this complexity and increase their capability not only to
store but also to make sense of large amounts of information. In the past century, the
use of computers introduced the concept of electronic databases, and as our under-
standing on how to use these tools increased we discovered how important it is to
structure correctly data and information. Part of this discovery process lead to the
adoption of several major approaches to capture meaningfully information. In this
section, we will review ontologies as one of several approaches used to structure
information. We will provide some definitions, historical background and examples
of ontologies that provide a good understanding on how this type of knowledge rep-
resentation can pave the way for supporting medical and dental data integration.

2.1.4.2 Historical Precedents

Throughout history, there many authors have explored the concept of knowledge
representation. Representation of knowledge was one of the preoccupations during
the early development of science. Greek philosophers dealt with the concept of
being and the representation of knowledge and set precedents for those who would
study the topic later on. Aristotle’s Metaphysics described how a set of ‘Categories’
could classify most known entities at the time. In addition, he also pointed out that
these categories were not ‘composite’, that is, “they need to be composed in order
to make statements about the nature that can yield affirmation.” (Sandholm 2005)
Although these categories are debatable, they set the foundation from what is known
commonly used as idea of “Concepts” to represent information.

Concepts or ideas are representations of certain thing or element. But what
defines a concept? Recently (Campbell et al. 1998), provided a good description of
the Ogden-Richardson semiotic triangle (Ogden and Richards 1930). This triangle
(Fig. 2.8) provides a framework for characterizing meaning by establishing the rela-
tionships between thought, symbols and reality (thus defining a concept).



2 HIT Considerations: Informatics and Technology Needs and Considerations 53

Fig. 2.8 The Ogden- Thought or Reference
Richardson’s semiotic

triangle establishes the

different elements that play a

role in representing JQ o,
knowledge through concepts /é’o P 662«
ST S & 2%
o S %
&y %%
> § A
> ~ ‘O
© &%
@ %
S,
5%
Symbol Stands for Referent

(an imputed relation)

As described by Campbell et al., the semiotic triangle identifies the relationships
between words, thoughts and things. The triangle explicitly states the relationships
where a word (symbol) corresponds to a thought. The word can trigger a thought
which is related to an object and vice versa. With this simple diagram, we can deter-
mine how information is generally processed by humans and likely by other “smart”
entities such as computers. Thus, this triangle can be seen as the base for modern
knowledge representation systems, especially those based in the use of concepts. As
we will see next, modern Ontologies and Information Models draw extensively on
this approach to handle knowledge representation.

2.1.4.3 Ontology

Ontology can be simply defined as a “formal conceptualization of a domain” (Gruber
1993). In simpler terms, we could define an ontology as a group of ideas or concepts
that are organized in a meaningful way or structure that can later can be reused to
explain or “reason” about a particular subject.

2.1.4.4 Definitions

More formally, the term “ontology” originates from the Greek root “ontos” (being)
and “logos” (word) referring “to the subject of existence”, i.e. “the study of being as
such” (Gasevic et al. 2006). Guarino (1998) defines an ontology as “a particular
system of categories accounting for a certain vision of the world.” They are also
defined as “categories of things that exist or may exist in some domain” (Gasevic
et al. 2006). Gruber states that an ontology is “an explicit specification of a concep-
tualization” (Gruber 1993). Briefly, ontology conceptualizes or defines concepts
that represent the whole or a part of reality. Ontologies use concepts in different
ways. On occasion, concepts represent not things, but relationships between things.
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Using this approach, ontologies manage to capture the meaning of reality in a
manageable way. By manageable we refer to the ability to create, maintain and use
the knowledge stored in the ontology.

Currently, there are different views and even controversy on how ontologies
should be categorized. In this section, we will have more of an applied perspective
since the integration of dental and medical data will most likely require utilization
of functioning applications that will enable making sense of information in different
domains. For a comprehensive review of the different views on ontological work,
including the philosophical aspects of knowledge representation, we recommend
the reader to review the work of Smith (1998) and others (Staad et al. 2009).

The functional view of ontologies divides them into two major types: (1) con-
tent-oriented ontologies, which are likely dealing with a particular area of knowl-
edge and (2) functional ontologies, which traditionally are linked to a particular
application and/or are intended to assist solving a particular problem.

2.1.4.5 Components and Structure

Another objective of an ontology is to capture not only the concepts that represent
entities in the real world, but also the properties of those concepts. A third goal of
an ontology is to represent the relationships between concepts. These relationships
can also be concepts. Establishing these relationships alone does not necessarily
enable information systems to understand the meaning behind those concepts (this
would be a semantic network). To increase their sophistication, advanced imple-
mentations of ontologies utilize formal processes or logic to maintain the relation-
ships between concepts valid and tractable. There are different approaches to do this
and a popular method is the use of the Web Ontology Language “OWL” in combi-
nation with “Description Logics,” which we will describe next.

2.1.4.6 'Web Ontology Language (OWL) and Description Logics (DL)

OWL is a processing language intended to provide a framework in the form of
eXtended Markup Language (XML) statements. With these statements, it is possi-
ble to specify the entities that form the ontology and what the boundaries for each
entity are. A way to understand how OWL helps constructing and maintaining an
ontology is by using the example of a picture puzzle. When beginning to solve a
puzzle usually we do not know where pieces are supposed to fit. Yet we know how
pieces are supposed to fit thanks to their shape. As we progress putting the pieces
together, a picture starts to emerge and it becomes easier to add more pieces. OWL
serves as the standard that defines the shape of the pieces allowing us to integrate
concepts into the ontology, and at the same time, making them remain consistent
with one another. In other words, OWL assists us in maintaining knowledge integ-
rity. OWL is intended to be machine-readable.
Ontologies are primarily composed by concepts (Fig. 2.9).
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Fig. 2.9 Basic ontology representing clinical information in the form of concepts and their
properties as well as the relationships between concents

Technically, OWL is not used alone but in a combination of group of stacked
technologies (World Wide Web Consortium W3C 2011). XML gives the language
in which an ontology can be expressed. XML Schema lists a set of constraints in the
type of documents and data types that can be expressed. The Resource Description
Framework (RDF) gives an emphasis in semantics since it makes available a model
for objects and relations. Finally, the RDF Schema allows for specifying the proper-
ties and classes.

OWL is known to be available in three “flavors.” These flavors permit different
levels of expressiveness. OWL Lite allows for primarily creating a classification and
maintaining simple constraints. For example, this version of OWL is good at rapidly
migrating an established thesauri or classification into a formal ontology. OWL DL
(Description Logics) allows for representing knowledge with “maximum expressive-
ness while retaining computational completeness (all conclusions are guaranteed to be
computable) and decidability (all computations will finish in finite time)” (World Wide
Web Consortium 2011). We will talk more about Description Logics in the next sec-
tion. OWL Full allows for “maximum expressiveness” yet without computational
guarantees. Software is unlikely to support the features of this version of OWL.

2.1.4.7 Description Logics (DLs)

Description Logics (DLs) can be defined as ... formalisms for representing knowl-
edge (Baader et al. 2004).” The purpose of these is to allow the construction of
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“intelligent applications” that are capable of uncovering the “implicit consequences
of explicitly represented knowledge.” In other words, they allow expressing the
rules by which concepts will relate/operate with each other. Description Logics
build from earlier developed systems for representing knowledge and reasoning
such as logic-based formalisms and non-logic-based representations. Logically
based representations are powerful and good for handling general-purpose tasks.
These systems rely on the use of a variant of first-order predicate calculus. The non-
logic representations use ad hoc data structures such as semantic networks and
frames. Modern ontologies rely heavily on the use of DLs. Our challenge is to make
proper use of this tool to capture the clinical reality.

2.1.4.8 Ontologies in Practice

Ontologies are used for different purposes. Again, the intention of this section is to
provide a practical view of ontologies. Next, we are going to provide functional exam-
ples, first from the medical perspective, and then examples from the dental domain. In
the biomedical domain, ontologies are currently used for supporting research and
clinical care. Others (Rubin et al. 2008) provide examples relevant to biomedicine.
Here, we mention those that are relevant for integration of medical and dental data:

e Searching for diverse data: biomedical literature is complex and filled with intri-
cate descriptions of synonyms, acronyms and abbreviations which make the
retrieval of information difficult. Ontologies can serve as smart mechanisms to
unify content. The classical example is the Gene Ontology GO which provides a
method to identify uniquely functions, processes and products related to gene
activity making retrieval of information more coherent.

* FExchanging data: transferring information between healthcare entities or sys-
tems will be paramount as multidisciplinary teams seek to care for common
patients. In biomedicine, an example of the use of ontologies for exchanging data
is the handling of Microarray data. Microarrays primarily identify the expression
levels of biomarkers for subsequent linkage with clinical conditions. This infor-
mation is obtained using different platforms which can be represented using the
Microarray Gene Expression Data (MGED) Ontology. The MGED Ontology
provides a common set of concepts for describing the experimental design
enabling the exchange of data.

» [Integrating data: the modern healthcare environment is increasingly requiring
the utilization of data across specialties, providers and geographic domains.
A natural choice for supporting this integration is the use of ontologies given
their ability to “translate” information with similar meanings but expressed in
different contexts. An example is the ontology developed by the Advancing
Clinico-Genomic Trials (ACGT) on Cancer project (Smith 2008) to integrate
clinical and genetic data from different cancer studies conducted in several
research centers. In this project, ACGT Master Ontology was created for “inte-
gration for the domains of clinical studies, genomic research and clinical cancer
management and care” (Smith 2008).



2 HIT Considerations: Informatics and Technology Needs and Considerations 57

2.1.4.9 Ontologies in Dentistry

The adoption of ontologies in dentistry is gaining traction primarily among dental
researchers. There are several examples of ontologies developed with a specific goal
in mind. These include addressing Sjogren syndrome (Long and Goldberg 2006) or
for studying Saliva (Ai et al. 2010). These two are good examples on how medical
and dental data necessarily need to be integrated in order to support a comprehen-
sive view when providing care and conducting research. In the case of Sjogren
syndrome (Long and Goldberg 2006), this is an autoimmune disease that is known
for destroying the ability to produce saliva and tears. Yet, the impact of this disease
can be systemic, affecting other organs including kidneys and lungs. Thus, it is
important to be able to retain information about the whole patient. The other exam-
ple is the Saliva Ontology (Ai et al. 2010) which aims to support research activities
including the development of saliva tests that monitor systemic health and specifi-
cally identify diseases. Thus, it is important to support a comprehensive view of the
patient’s health.

In the case of clinical dental practice, there are several terminologies that
are broadly adopted (Leake 2002). The Current Dental Terminology (American
Dental Association 1991), International Classification of Diseases-Dental
Application (World Health Organization 1994) and the Uniform System of
Codes and List of Services (Canadian Dental Association 2001) are used on daily
basis. Yet work needs to be done in order to increase utilize their content for
integration. A preliminary example is the ontology developed (Torres-Urquidy
and Schleyer 2009), to incorporate not only canonical but also an empirical
representations of dental knowledge. Their ontology is therefore more likely to
bridge the gap between theoretical/textbook concepts and the practical notions
used routinely for patient care. Another example of the use of ontologies in
dentistry is the case of the Swedish Oral Medicine Web (SOMWeb) system
(Falkman et al. 2008) which is intended to support a Community of Practice
aimed to improve the communication between experts. In the later case, with the
use of technology developments driven by ontological principles, the authors
were able to provide better support for the activities and increase the adoption
of evidence-based care.

Next, we are going to explore the process for building a Knowledge Base
(an ontology) in dentistry. First, we are going to introduce some general pro-
cedural concepts, next we are going to review how some of these methods
were used (Bertaud-Gounot et al. 2010) to develop an Ontology for Dental
Emergencies.

2.1.4.10 Building a Knowledge Base

When building a knowledge base, it is important to understand the processes that
help us formalize knowledge. Analysis at several levels (van der Lei and Musen
1991) was introduced:
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* “Knowledge level analysis of an application task specifies the behaviors that are
required to solve a problem in the world.”

¢ Symbol level analysis “specifies the computational mechanisms needed to model
the requisite behaviors.”

Subsequently, six steps in the acquisition of expert knowledge (Musen 1988)
were proposed when building an intelligent system:

* Identification, where the primary themes of the system are characterized;

e Conceptualization, in which the identification of ideas occurs. This includes con-
cepts and their relationships. Newell (1982) identified this as the “knowledge-
level analysis™;

» Formalization, which identifies mechanisms for implementing an expert system
and transfer the conceptualized knowledge into the rules and parameters of the
eventual system,;

e Implementation, in which the knowledge base is used by a system informs or
provide new knowledge in the form of advice;

e Testing, in which the system advice is validated by a domain expert and also the
knowledge engineer;

* Revision of the system, since it is possible that the system does not “behave” as
expected due to incorrect representation or modeling of the “facts” and concepts.

However, there is an important consideration that we should face before construct-
ing a new knowledge base, and that is the “Knowledge Acquisition Bottleneck” (Musen
1988). He points out why building knowledge bases or “encoding expert knowledge”
is difficult. Several reasons have been discussed including: (1) the inability of experts
to communicate and/or (2) “introspect” which create “barriers” for translating and
transferring experts’ abilities and mental processes to a knowledge base. Thus, during
the development process, it is important to remain attentive at issues arising from not
establishing the proper communication with subject matter experts.

2.1.4.11 Building the Ontology

There are several approaches for building an ontology. While obtaining knowledge
from a subject matter expert can follow the approach presented in the previous section,
building an ontology can also be done by using the example of the picture puzzle that
we presented before. When first including the content (concepts) that are going to be
part of the future ontology we can see these concepts as pieces of a puzzle. In some
instances, you may have all the pieces available before starting the assembly of the
puzzle, while in others you may only have parts of the puzzle. In this case, the creators
of an ontology may know specifically all the information that should be contained in
the ontology (for instance, a pre-existing terminology); while in others, the incorpora-
tion of new concepts occurs as new information is discovered (this case would apply to
the Gene Ontology). As we start assembling the puzzle, some pieces are relatively easy
to place given their characteristics. For instance, in a picture puzzle of a map, the
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position of a piece that contains information on a particular street intersection is almost
self-explanatory, while the adjacent pieces should be more or less easy to discern
whether they fit or not. On the other hand, if we have a puzzle piece that those not have
clearly distinctive features such as part of water or of a park, it will be difficult to iden-
tify its final position at the beginning. It will take the arrangement of several pieces
before we can be more or less certain of where the piece should go. Similarly, when
constructing an ontology and incorporating concepts and relationships between con-
cepts, some concepts will have a clear starting position, others will need repositioning
and their relationships reassessed as we incorporate more concepts. With the use of
elements such as OWL and Description Logics, information systems help us in identi-
fying the good fit of concepts, making sure that the overall structure of the ontology is
consistent with reality. Going back to the puzzle example, OWL and DL serve to set the
boundaries and shapes of puzzle pieces, thus making sure that we do not place a
rounded piece in a squared segment.

Formally, ontologies can be constructed using a top-down or bottom-up
approaches, each with its own advantages and limitations. The top-down approach
starts by identifying a predetermined hierarchy. This is useful when the content is
already well identified and the structures that are necessary to represent the relation-
ships are well understood. The limitation of this approach is that the incorporation
of new or extraneous information may be very difficult since it may require restruc-
turing the whole content.

The bottom-up approach starts by incorporating concepts individually without
having predefined structures, the relationships appearing as new concepts are added.
This approach provides for more flexibility. Yet, not having a predefined structure
can cause the incorporation of new concepts in areas of the knowledge structure, in
a way which would not necessarily represent reality appropriately. Having little
structure would also make discovering such inconsistencies more difficult.

When constructing the ontology, it is also important to define a preliminary structure
that will support the integration of concepts. This definition process is accomplished
by using predefined ontologies developed by scientists and philosophers who have
worked on identifying what categorizations are applicable to specific types of knowl-
edge. These ontologies are called “top level.” Examples of top level ontologies include
the Basic Formal Ontology (BFO) (Grenon et al. 2004) and the Descriptive Ontology
for Linguistic and Cognitive Engineering (DOLCE) (Gangemi et al. 2002). These pro-
vide classifications for concepts according to their inner characteristics. For instance,
BFO defines two major categories of concepts: “Continuant” and “Occurrent.” A very
simple definition for a “Continuant” concept is an entity which exists independent of
time. This can be a “heart valve” or a “broken tooth.” The alternative would be an
“Occurrent” in which concepts refer to entities that only exist with the progression
of time, for instance, “pulmonary insufficiency” or “restoring oral function.” The top
level ontology provides insights into how things should be represented. In addition, the
use of top-level ontologies allow for unification between disparate ontologies. When
seeking to integrate knowledge from medical and dental databases it should be easier
to make the inferences between both databases if the information in both databases use
structures that follow ontological principles and both use the same top level ontology.
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Note: It is important to clarify that it is possible to use a top level ontology for
defining the structure of your “new’” ontology and still use a bottom-up approach for
constructing the ontology. The key here is that the approach refers to the way in
which concepts are incorporated into the structure of the ontology and not necessar-
ily to the structure itself.

The construction of the ontology usually follows the sequence:

* Defining the goal of the ontology;

* Deciding whether to use a top ontology;

* Incorporating concepts into the predefined structure and repeating this process
until you are satisfied given the primary goal;

e Evaluating whether the ontology is consistent and satisfies the notion of knowl-
edge representation required for the goal.

The construction process itself is usually done by using ontology editors such as
Protégé (Noy et al. 2010) or OBO-Edit (Wachter and Schroeder 2010). These edi-
tors take care of incorporating the elements described before such as the use
OWL-DL. In addition, they provide graphical representations of the ontologies
being created. Another feature of these editors is the ability to check for consistency
and coherence. As ontologies evolve, the addition of a new concept may make sense
when looking at the neighboring concepts and “local” relationships, yet it may
incongruent with reality or the tendencies previously set for the rest of the ontology.
Finally, these editors also provide additional functionality such as the creation of
forms or the ability to export the ontologies into the Web (Noy et al. 2010).

2.1.4.12 Example: An Ontology for Dental Emergencies

Dr. Bertaud-Gounot and colleagues (Bertaud-Gounot et al. 2010) developed an
ontology using data collected from the literature and validated with the help of subject
matter experts. Their goal was to create an ontology that captures information about
dental emergencies. For their process, they obtained articles and extracted concepts that
would then be approved by the experts so they would be included in the ontology.

2.1.4.13 Process

The investigators obtained articles from Medline and the Medical and Surgical
Encyclopedia (http://www.emconsulte.com/produits/-traites/od1#). Their search
included the following keywords: dental emergencies, mouth disease, periodontal
disease, pulpitis, and tooth disease. The investigators created summaries from the
articles and identified concepts that are relevant for emergency dental care. Once the
concepts were identified, they were validated by the clinicians. The investigators
used Protégé (Stanford University, CA) as editor and integrated content in an itera-
tive multistep process. In addition, they utilized the Pellet reasoner to check for
consistency each time a new concept was aggregated (Fig. 2.10).
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Fig. 2.10 Partial view of | Ciass Fararchy : n8EE
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¥ @ Disease
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€ 'Serous cellulitis'
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¥ @ 'Disorder of oral mucous membrane'
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©'Aphtous ulcer of mouth’
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v @ 'Disorder of pulp of tooth’
©'Acute apical abcess’
©'Acute apical periodontitis of pulpal origin’
© Dentinitis
~ © Exsudative pulpitis’
© 'Internal resorption of tooth’
© 'Irreversible pulpitis'
© 'Necrosis of the pulp’

2.1.4.14 Content

The ontology has 202 concepts divided by 28 capturing diseases (Fig. 2.10) and 174
representing findings (Fig. 2.11). The ontology also has 377 restrictions (relations).
These relations were established between the diseases and their respective clinical
findings (Fig. 2.12).

2.1.4.15 Evaluation

The investigators evaluated the ontology by comparing the concepts and integration
of content versus the occurrence of diagnoses found in regular clinical practice. Out
of 32 cases, the clinicians’ view fully differed from the ontology’s in only one case.
In addition, the investigators found that the clinicians had partially similar view in
11 cases and identical view in 20 cases of how the information was represented in
the clinic and in the ontology.

2.1.4.16 Future of Ontologies in Medical/Dental Care

The need for better representation of patient data is likely to increase since we are
now rapidly adopting information technology in all levels of healthcare. This will
require making sense of large and disparate volumes of information. Thus, healthcare
will have to embrace the adoption of technologies that seamlessly support data inte-
gration. Therefore, knowledge representation, and especially ontologies, will likely
play arole in supporting this integration.
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vitality test'))

and (has_finding some (not 'Radiologic finding'))

and (has_finding some (not ‘Throbbing pain'))

and (has_finding some 'Moderate pain provoked by sugar')
and (has_finding some 'Mild diffuse radiating constant pain")
and (has_finding some "Moderate localized pain')

and (has_finding some 'More than 10-15 sec lasting response
to cold dental pulp vitality test')

and (has_finding some "Severe pain to cold’)

and (has_finding some 'Severe pain to cold dental pulp vitality
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Fig. 2.12 Example of disease “Reversible pulpitis” characterized by the relationships in the
ontology
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2.1.5 Antficipating Oral Health Inclusion in Mainstream
Standards

Valerie J. Harvey Powell and W. Ted Klein

This section deals with the need to have a clear goal to include oral health in the
coverage of a healthcare standard before beginning to design that standard. Failure
to establish such a clear inclusive goal may risk:

* Developing inapplicable standards with regard to access control specification or,
* Developing inadequate standards with regard to attaining consistent levels of
specificity across disciplines.

As standards have been prepared for the development of health information tech-
nology, the question arose as to whether dental records should be explicitly included.
In the 1990s, Schleyer and Eisner (1994) envisioned “Dental Interface Objects”
which would “communicate patient information between computer systems of phy-
sicians, dentists, dental specialists, and other partners in the healthcare team.”

Schleyer (2004) cited the ADA House of Delegates resolution 92H-1996, calling
for “the seamless availability of patient health information across health care pro-
fessions, specialties and care delivery environments.” (American Dental Association
1996) Schleyer felt that what was then called the National Health Information
Infrastructure (NHII) could not only address “missed health care opportunities,” but
could also “facilitate collaboration among general dentists and specialists.” Schleyer
recommended an educational campaign to help dentists understand the potential
benefits of NHII. He mentioned ANSI/ADA Specification No. 1000 and the dental
extensions to DICOM as “essential building blocks.” Schleyer felt that dentistry
should “become an active participant” in the NHII. Diehl (2002) states that “cross-
enterprise data integration removes the barriers that prevent timely access to accu-
rate and professionally meaningful health information.”

Farman (2002) pointed out that the DICOM (Digital Imaging and Communication
in Medicine) standard, at that time, could support intraoral radiography, panoramic
radiography, cephalometric radiography, CT, intraoral cameras and other modalities
of interest in oral healthcare. He reports that the American Dental Association
(ADA) became a member of the DICOM standards committee in 1996. In 1998 and
1999, respectively, supplements to the DICOM standard were approved covering
radiography and visual light imaging used in dentistry. According to Farman, in
2000 the ADA first “suggested” and then formally recommended DICOM imple-
mentation for the communication of images in dentistry.

In order to avoid unanticipated vocabulary problems, the HL7 standard attempts
to be as agnostic as possible as to vocabulary content. In fact, in the upcoming HL7
version 2.8 (under active development), all vocabulary items that are not internal
HL7-only structures (like those that describe the types of technical acknowledg-
ments, etc.) are being removed from the normative part of the standard because those
who do not read the standard carefully treat the lists of ‘suggested values’ as the
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normative values that must be used. This is erroneous, and leads to under-specified
vocabulary. These suggested values will be explicitly identified as values that some
using HL7 have found useful, and should not be considered as mandatory for use.

In all cases when using standards, the latest version should be consulted (even if
an earlier version is being implemented). Over the years, all standards include new
material in later releases that are often useful for understanding best practice for
using the standards, and even may provide useful hints for piecemeal extensions
when an existing older version does not quite meet all the requirements, but busi-
ness conditions mandate that a complete newer version cannot be fully used.

If the designers of a healthcare-related standard are not working from a goal of
serving “all of healthcare,” including oral health, and if the example of HL7 is not
followed, there is a risk of over-constraining vocabulary by confining vocabulary to
that in specific lists. An example could be a list of provider degrees or clinical cre-
dentials. Obviously if such a list (as a reference table in a relational database) con-
tains the role designations MD, DO, DNP, and RN, but not DDS, DMD, or RDH,
then dentistry would be excluded. Another kind of improper constraint could arise
from misuse of a Role-Based Access Control (RBAC) matrix, where dental pro-
vider role categories are entered as not being permitted to prescribe or administer
medications. These two examples are based on discovered instances involving
incorrect interpretations of standards or of following outdated standards documents.
Any method for specification of anatomic sites that precludes use of the anatomic
site representation and identification necessary for dental care (such uniquely num-
bering deciduous, permanent, and supernumerary teeth) would be incapable of sup-
porting integration of medical and dental records. At the Society for Imaging
Informatics in Medicine (SIIM) conference in 2010, PACS (Picture Archiving and
Communication Systems) vendors pointed out that DICOM-compliant PACS tech-
nology for veterinary practices already supported integration of medical and dental
care and patient records (DICOM 2006). Another risk is not achieving the same
level of specificity in the content dimension in standards for oral health as for other
domains of healthcare.

2.2 Towards an Integrated Electronic Health (EHR) System:
Compliance, Security and Privacy Concerns

Sushma Mishra

2.2.1 Introduction

An electronic health record (EHR) is a collection of medical information about
individual patients stored in an electronic manner. It contains personally identifiable
information about a patient such as social security number or medical record
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number, home address and health related details. An individual’s personal medical
information could have sensitive information about emotional problems, sexually
transmitted disease, substance abuse, genetic predisposition to diseases, or sexual
minority status, information potentially adversely affecting major employment
opportunities or to which social stigma is attached (Cannoy and Salam 2010).
Considering that an individual’s personal health information is declared ‘“privi-
leged” by the Government, it is surprising to find that as many as 400 people may
have access to one’s personal medical information throughout the typical care pro-
cess (Cannoy and Salam 2010). It is important to reassure the patients that their
information is kept confidential for them. Such reassurance encourages patients to
share all their health information, to best of their knowledge, with care providers.

The terms electronic health record (EHR) and electronic medical record (EMR)
have been used synonymously in the literature; however, in 2008 the National
Alliance for Health Information Technology suggested that the term EMR be used
for electronic record systems that are not interoperable and that EHR be used when
health information is shared electronically among multiple entities. On the other
hand, the personal health record (PHR) is the electronic version of an individual’s
health record that the person has access to via web. Several organizations are pro-
viding the patients access to their private records or to portions of them, such as
laboratory test results. In this chapter, EMR signifies separate systems used by vari-
ous organizations to record health information electronically whereas EHR here
refers to an integrated database of electronic health records that provides access for
several entities who are sharing it. Integrating all the medical information of a per-
son electronically for regional or nationwide use, something that is proposed in the
EHR concept, has significant implications. Having a single point of access to the
entire medical history of a patient bears certain challenges. Among the major wide-
spread concerns are; where will this data reside, what would the access mechanism
be and who owns the responsibility of maintaining the security and privacy stan-
dards of such records and who owns the information? Lack of interoperability is a
common concern as a barrier to successful health information exchanges in an inte-
grated health information environment.

There have been several initiatives by the government in the United States in
form of regulations, guidelines and monetary incentives to expedite the process of
integrating health information from disparate sources. The Health Insurance
Portability and Accountability Act (HIPAA) of 1996 is a major step towards digiti-
zation of health records with clear focus on security and privacy of patients. The
American Recovery and Reinvestment Act of 2009 (ARRA) provides monetary
incentives to medical providers for using EHR systems rather than paper counter-
parts (Austin et al. 2010). Considerable effort is required to standardize the elec-
tronic systems so that interoperability issues can be dealt with effectively. The
Certification Commission for Health Information Technology (CCHIT) is currently
modifying its criteria to conform to the ARRA-defined requirements and is working
closely with the department of Health and Human Services (HSS), the Health
Information Technology (HIT) Policy Committee and the Office of the National
Coordinator for Health Information Technology (ONC) to influence national EHR
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certification policy. On February 17, 2009, U.S. President Barack Obama signed
into law HR 1, the American Recovery and Reinvestment Act, which allocates
$19.2 billion dollars in funding to support the adoption and use of health informa-
tion technology also known as a the “Health Information Technology for Economic
and Clinical Health Act” or the “HITECH Act” (HHS.gov 2011). Impetus from
federal and state government towards digitization of patient health records is aimed
at avoiding errors in medical judgments from health care providers, reducing cost of
healthcare delivery and improving overall care for the patient (Jha et al. 2009).
Increasing popularity and adoption of (EMR) is geared towards improving quality
of healthcare provided in the nation. The objective is better patient-provider com-
munication, better communication among providers delivering care to the same
patient, integration of records from different health care disciplines and subspecial-
ties and accessibility and aggregation of records among different health care deliv-
ery sites to provide a holistic health profile for a patient. Such benefits are not
without associated risk of exposure of personally identifiable information and com-
promise in digital health data resulting in patient anguish and possible damage to
career and provider embarrassment and possible liability. It is crucial that providers
utilizing EMRs address the challenges to security and privacy issues of EHR tech-
nology. Anecdotal evidence and media reports about medical security breaches sug-
gest a rather weak preparedness on the part of the health service providers in assuring
security of health data. Several security, privacy and compliance issues must be
addressed within the context of creating a universal electronic health record system
that provides a single point of access to patient health information.

This section explores the security, privacy and compliance challenges in EHRs
and outlines some solutions to these issues. The next section explores the regulatory
requirements for security and privacy of health care records primarily from HIPAA.
It also discusses the guidelines for PHI for ensuring security and privacy challenges
of health records. The third section lists the common challenges that we are facing
in securing the information in an integrated environment. The fourth section out-
lines broad steps in dealing the security and privacy concerns of EHR. The final
section presents the conclusion for this chapter.

2.2.2 Regulations and Guidelines

The Health Insurance Portability and Accountability Act (HIPAA) of 1996 protects
the privacy of medical records of patients by preventing unauthorized disclosure
and improper use of patients’ protected health information (PHI). There have been
Federal support and impetus for migrating to electronic medical records over the
years. With considerable emphasis and monetary investment in the 1990s on the
computerization of health services operations, the possibility of data manipulation
and nonconsensual secondary use of personally identifiable records has tremen-
dously increased (Baumer et. al. 2000). HIPAA declares PHI “privileged,” protect-
ing individuals from losses resulting from the fabrication of their personal data.
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Businesses affected by HIPAA are directed to protect the integrity, confidentiality,
and availability of the electronic PHI they collect, maintain, use, and transmit.

Three major components of HIPAA are for security and privacy of electronic
records are:

2.2.2.1 The Security Rule

The security rule of HIPAA is concerned about the personal health information in
electronic form. The law states that private information of individuals must be kept
safe from damage of any kind. The purpose of this clause is to protect electronic
patient information from alteration, destruction, loss, and accidental or intentional
disclosure to unauthorized persons. HIPAA establishes behavioral standards and
requires covered entities to develop practices that adhere to these behavioral
standards.
The security rule requires compliance actions in the following categories:

* Administrative safeguards: this requires formal practices to manage security and
personnel from the side of the healthcare service provider. Ensuring correct
administrative safeguards entails a correct approach to governing the informa-
tion security of the organization, putting correct controls in place and frequently
monitoring and upgrading such controls.

e Physical safeguards: An important piece of the security solution of an organization
lies with physical protection of the data, computers and the physical premises
where it resides. This would entail creating correct physical security controls in the
form of authorization controls for physical access to the computers and premises.
Another important source of critical data is disposal of paper versions of the pro-
tected data or of digital media on which protected data are stored. Adequate mech-
anisms need to be created to deal with physical threats to data security.

e Technical safeguards: This category of safeguard requires creating detailed
access control mechanisms to declare and monitor information access. It is also
important to make sure that data in transit (moving from one point to another in
the healthcare domain) is secure.

e Organizational requirement: This requirement assures that employees under-
stand the serious implications maintaining the integrity and security of data that
they deal with on a daily basis. The employee should have explicit business asso-
ciate contract provisions so that they can affirm agreement regarding the role that
is required for them.

* Policies, procedures and documentation: These requirements correct security
policy and procedure in place to protect the data.

Meeting the security rule requirements entails coming up with a comprehensive
security plan that has detailed procedures for addressing risks at several levels in the
organization and that proactively addresses those risks. Examples of the planning
steps include establishing security certification processes for employees and con-
tractors, keeping employee records constantly updated to indicate the level of



68 M.H. Torres-Urquidy et al.

security appropriate to each job position, termination of role or employment,
assessing the compliance of the Management Information Systems (MIS) depart-
ment with the Security Rule standards and explicitly stating consequences for non-
compliance with new security rules (Choi et al. 2006).

2.2.2.2 The Privacy Rule

The privacy rule of HIPAA applies to PHI in all forms, including oral, written and
electronic forms. The purpose of the privacy rule is to “meet the pressing need for
national standards to control the sensitive health information and to establish real
penalties for the misuse or improper disclosure of this information” (Choi et al.
2006). The rules established within the privacy dimension of HIPAA, given all
aspects of use of personal health records including medical records, claims, and
payment information, and almost all additional information related to a patient’s
health care. The privacy rule protects the individual right of dictating how and when
the personal information of the patient can be released. It is meant to empower an
individual to play an important role in managing one’s own health records. It allows
patients to have a participatory approach to data management by giving them the
specific right to access their medical records and request amendments, to allow or
not allow access to their information in certain circumstances and be aware of the
their privacy rights in this domain.

Transactions among various participants in the healthcare industries must com-
municate effectively and electronically patient information. Successfully meeting
this requirement necessitates that the privacy and security covenants also be met.

This regulation has forced companies to revisit and reorganize their business
processes. Compliance with HIPAA is not just a matter of technical products ensur-
ing safe and secure data collection, transaction, and storage; rather, compliance is an
issue of “organizational change management” (Mishra and Chin 2008). It requires
instituting new structures and patterns for health care organizations to coordinate
care efficiently, trust other’s intentions, and responsibly maintain and protect sensi-
tive data (Huston 2001). HIPAA influences healthcare organizations at the basic
infrastructure level, thus demanding reevaluation at all levels, including the creation
and implementation of technical solutions. Employing and adapting to technical
solutions requires not only proper planning but also an overhaul in organizational
processes (Mishra and Chin 2008). Even though more than one-third of the rules in
HIPAA address administrative security requirements, many organizations focused
disproportionately on technology rather than on administrative safeguards. The dif-
ferent types of security required by the HIPAA security rule were also not well
understood by participating organizations. It is critical to establish a consistent
method for linking patients with the electronic records to assure exchanging health
information about the correct unique patient.

In the United States, the American Recovery and Reinvestment Act of 2009
(ARRA) provides monetary incentives to medical providers for using EHR systems
rather than paper counterparts (Austin et al. 2010). In October 2009, CCHIT
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augmented its certification criteria with additional security criteria and provided
corresponding black-box test scripts. The security criteria provide specific require-
ments intended to establish a minimum level of security of an EHR system. The
purpose of CCHIT certification is to confirm that certified EHR systems maintain a
minimum level of accuracy, reliability, security and interoperability. These character-
istics are known as software quality factors (Austin et al. 2010). Regional or state-
level efforts to exchange health information also will have to reconcile the differences
among participants in how security policies are implemented. Organizations in ten
states are working to develop and test a set of model policy requirements to bridge
policy gaps for authentication and audit across these organizations.

In the case of personal health records (PHRs), which are becoming popular,
security and privacy concerns have led to guidelines proposed by the government.
The Office of National Coordinator for Health Information Technology (ONC)
issued a “Nationwide Privacy and Security Framework for Electronic Exchange of
Individually Identified Health Information” in 2008. This framework suggests eight
principles for establishing a consistent approach that meets privacy and security
challenges of online PHRs and electronic health information exchange. Organizations
operating a PHR or Health Information Exchange (HIE) service has to follow the
guidelines regardless of whether it is explicitly covered by HIPAA. These principles
are expected to guide the actions of all health care-related persons and entities that
participate in a network for the purpose of electronic exchange of individually iden-
tifiable health information. These principles are not intended to apply to individuals
with respect to their own individually identifiable health information.

The proposed eight principles are:

» [Individual access: Personal health information should be accessible to individu-
als to manage their health care. HIPAA covered entities generally make it diffi-
cult for individuals to access their personal healthcare records online (Brown
2009). This principle favors easy access to individuals for their health records.

* Correction: In case of a mistake in an individual’s personal healthcare records,
the individual should be able to correct that mistake. There should be a clear
process to allow changes by the individual and to record the changes for docu-
mentation. In case of disagreement, there should be process for documenting the
disagreement as well. The HIPAA privacy rule recognizes that individuals should
play an important role in ensuring accuracy of their health record. Individuals
have the right to have a covered entity under HIPAA to amend their PHI in a
designated record set. In case a correction is made, the covered entity is entitled
to inform its business associates and others who are known to have their PHI that
the record was amended.

* Openness and Transparency: Healthcare providers should aim for complete
openness and transparency to the individuals about policies, procedures and
technologies employed to collect and disseminate individually identifiable infor-
mation. The information should be provided in easily understandable format to
the individual providing details about who accesses the information, how is it
transmitted, how is it used and what control the individual has of it.
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System Complexity: With the health information technologies evolving into
increasingly complex systems, with better access to health information, larger stor-
age capacity and interoperability across networks, it is important that the individu-
als, who information is stored in these systems, trust the technologies and the care
providers to keep their information safe. Openness and transparency is thus essen-
tial in establishing this trust through adequate information provided to the indi-
viduals about how the system is being used. Health information organizations
(HIOs) and entities that participate in HIOs should provide clear notice of their
policies and procedures regarding how they use and disclose individuals’ identifi-
able health information and how they will protect the privacy of this information.
Individual Choice: Individuals should have the control over deciding what spe-
cific part of the personally identifiable information should be disclosed and to
whom. The individual choice principle of the Privacy and Security Framework
emphasizes that the opportunity and ability of an individual to make choices with
respect to the electronic exchange of their individually identifiable health infor-
mation is an important aspect of building trust (hhs.gov 2011). The Privacy and
Security Framework (PSF) also recommends that the options available for
choices should depend on the nature of information being exchanged and the
purpose of the exchange. The privacy rule empowers the individuals to partici-
pate actively in managing their own information.

Collection, Use and Disclosure Limitations: health information about individu-
als should be collected, used and disclosed as required by the policies and proce-
dures. The privacy rule generally requires covered entities to take reasonable
steps to limit the use or disclosure of PHI to the minimum necessary to accom-
plish the intended purpose. This principle also suggests that for routine or recur-
ring requests and disclosures, covered entities must implement reasonable
policies and procedures (which may be standard protocols) to limit information
disclosures or requests. It also suggests that a covered entity should limit the
business associate’s uses and disclosures of for PHI to be consistent with its own
policies and procedures. The business associate may not have the similar strin-
gent policies about the use of PHI, hence the restriction.

Data Quality and Integrity: There should be reasonable care taken to ensure that
data being collected and transmitted is complete, accurate and timely. It is also
important to ensure that it has not been altered or destroyed in an unauthorized
manner.

Safeguards Principle: there should be reasonable assurance that administrative,
technical and physical safeguards are provided to ensure confidentiality, integrity
and availability of data. It is important to protect the personally identifiable data
from inappropriate access, use or disclosure. The Safeguards Principle in the
Privacy and Security Framework emphasizes that trust in electronic health infor-
mation exchange can only be achieved if reasonable administrative, technical,
and physical safeguards are in place.

Privacy Rule: the HIPAA privacy rule supports the Safeguards Principle by requir-
ing covered entities to implement appropriate administrative, technical, and phys-
ical safeguards to protect the privacy of protected health information (hhs.gov).
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2.2.2.3 Accountability

All the guidelines should be followed and implementation should be verified through
auditing, monitoring and other procedural and technical processes.

The Accountability Principle in the Privacy and Security Framework emphasizes
that guidelines should be followed and all the activities and mechanisms in accor-
dance with HIPAA compliance should be reported. This principle is important to
build trust in electronic exchange of individually identifiable information. The pri-
vacy rule in HIPAA provides the foundation for accountability within an electronic
health-information-exchange environment. It requires covered entities to comply
with administrative requirements and extend such obligations to business associ-
ates. This rule also establishes mechanisms for addressing non-compliance with
privacy standards through covered entity’s voluntary compliance, a resolution agree-
ment and corrective action plan or imposing civil penalties (hhs.gov).

The Certification Commission for Healthcare Information Technology (CCHIT)
is an independent, voluntary, private-sector initiative that has been designated by the
Department of Health and Human Services (HHS) as a recognized certification
body for electronic health records (EHRs) and their networks (Brown 2009). CCHIT
has modified its criteria to certify PHRs. It is likely that CCHIT certification will
become the commonly accepted requirement for PHRs as well (Brown 2009).

2.2.3 Challenges with Integrated Electronic Health Records

The U.S. health care system faces multiple challenges such as increasing cost and
inconsistent quality. It is perceived that the electronic health records have the poten-
tial to improve the efficiency and effectiveness of health care providers. The
American Recovery and Reinvestment Act of 2009 makes national, integrated
health information systems a priority. Even though there is a broad consensus on
benefits of such an integrated system, health care providers have been slow to adopt
it. A recent study on adoption of electronic health records suggests that only 17% of
U.S. physicians use either a minimally functional or comprehensive electronic-
records systems (Jha et al. 2009). Integration efforts pose serious challenges to orga-
nizations in terms of technical preparedness as well as organizational willingness.
Employing and adapting to technical solutions requires not only proper planning
but also an overhaul in organizational processes. Some of the areas identified as
major challenges for integration of electronic medical records are:

2.2.3.1 Getting Patient Consent

There is confusion about the “correct” way of obtaining patient permission to dis-
close personal health information. There are several reasons to determine prevalent
practice (Dimitropoulos and Rizk 2009):
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* A lack of understanding about HIPAA requirements to get patient permission for
certain disclosures. Organizations have interpreted and executed this requirement
differently.

* A set of different state laws that lack clear guidance on when to seek permission
and when not to seek permission.

e Ethical and moral obligation to get the permission before sharing any
information.

* Organizational policies require getting permission as an added security layer to
their security practices.

There is also confusion about the terms used for obtaining patients’ permission.
This is due to use of different terms in HIPAA privacy rule for different purposes
(Dimitropoulos and Rizk 2009). Adding to the confusion is the variance in state
laws of terms such as consent, authorization and release, to describe a patient’s
written permission to disclose health information.

2.2.3.2 Ensuring Privacy and Security of Patient Information

HIPAA requires a certain level of preparedness from organizations implementing
the security and privacy rules of this legislation. Various organizations’ interpreta-
tions of HIPAA requirements to secure information and protect privacy vary signifi-
cantly adding to the confusion about how integrated health information should be
treated. There is a general lack of understanding about privacy rule implications to
allow disclosure of health information for treatment, payment and health care oper-
ations. Also, the state laws add to confusion with reference to when the rule is being
applied or how is it being applied.

The primary causes of variation identified in security policies were attributable
to a general misunderstanding about appropriate security practices, including what
is technically available and what provisions can be applied more broadly
(Dimitropoulos and Rizk 2009). Some organizations get concerned when they do
not find the participating organization to be dealing with security requirements
effectively. The security rule addresses administrative, physical and technical secu-
rity. Even though more than one-third of the rule addresses administrative security
requirements, many organizations focused disproportionately on technology rather
than on administrative safeguards (Dimitropoulos and Rizk 2009). An over-emphasis
on technical safeguards is unable to protect the organization from insider threats to
security which is significantly more common compared to vulnerabilities originating
outside an organization.

2.2.3.3 Data Access Mechanisms and Authorization Techniques

There is a need to develop standard authentication and authorization protocols to be
implemented with electronic systems holding health data. Organizations require a fair
amount of trust on other participating members to share their records with a reasonable
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assurance that the other party is keeping the information secure. In an integrated
environment, data should flow seamlessly from one system to another resulting in
several access points across the systems. Considering the critical nature of the data in
such systems, our existing access control models must be used innovatively.

2.2.3.4 Linking Data to a Unique Person

If organizations intend to share data across databases to realize the vision of one
record per patient, there has to be predefined agreed upon ways of linking the data-
bases such that records are accurately identified. If the correct record for a patient is
not identified, that might lead to serious clinical and privacy threats. It is important
because different organizations involved in providing care to a patient use locally
assigned patient identifiers which lose meaning outside the organizational boundar-
ies. Correctly identifying patients and providers not only is critical in the delivery of
high quality care and for electronic HIE, but also is a fundamental issue in other
information security domains, such as authentication and authorization
(Dimitropoulos and Rizk 2009).

Even though we have seen a lot of progress in adoption of EMR in the recent
years, a lot needs to be achieved. Most of the providers are not realizing the full
benefits from EMR since they shy away from using all its capabilities. The use of
EMR technology improves efficiency and safety but the way it is being used cur-
rently restricts it to the data that is fed in the system or data in the linked systems.
The information has to be entered manually and there is no easy access to the his-
torical records of a specific patient.

2.2.3.5 Data Storage and Handling

HIPAA requires healthcare providers to be more stringent with storing and han-
dling of patient data, in the system well as during transmission of the information
to other systems. Transmission of information from one system to another requires
use of encryption techniques. Benaloh et al. (2009) argue for using encryption con-
trol measures for patient health records. The approach calls for patient enabled
encryption keys such that the patient participates in their own security management
of the data.

2.2.3.6 Disaster Recovery Preparation

Disasters, natural or man-made, could prove catastrophic to the information held in
systems. With a greater emphasis on storing the patient information electronically,
comes an increased responsibility to plan for disaster recovery techniques for such
systems. The systems also require enhanced interoperability to deal with data from
various sources.
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The challenges in complying with regulatory requirements lie in the ever
changing nature of technology and the associated security vulnerabilities. It is
important to continuously assess, evaluate and address these challenges proactively.
As the EMR is implemented in provider practices, a full-risk assessment of the
administrative, technical and physical safeguards must be addressed. Each HIPAA
security rule specification should be addressed and procedures should be put in
place to minimize risk

2.2.4 Addressing These Challenges

Security violations in electronic health records, such as unauthorized access or
unauthorized alteration of individual information could lead to potential problems for
all the involved parties. Though the concept of EHR is appealing to improve effective-
ness of processing of health care data, but electronic health data need caution while
designing and deploying the system. The proportion of damage in EHR compromise
would be significantly higher than that in a paper-based system (Goldschmidt 2005).
To encourage healthcare service consumers and providers to use electronic health
records, it is crucial to instill confidence that the electronic health information is well
protected and that consumers’ privacy is assured (Liu et al. 2007). The traceability of
data in a computer system also has to be considered an asset in controlling information
or containing damage from an unauthorized access. This does not happen with paper
records; unauthorized information access is not tracked or monitored. This does not
mean there should not be concern about attempts to gain access to electronic medical
records for unauthorized or criminal purposes. Some of the common solutions to the
integration of electronic health records are provided below:

2.24.1 Common Agreement on Patient Consent for Disclosure

The development of a common approach to obtaining and managing patient consent
for disclosure is critical. There are several state laws that have more stringent stan-
dards for security and privacy than HIPAA, which does not preclude state laws being
enforced. Due to differing expectations statewide, organizations cannot come up with
a standard privacy requirement that can satisfy all the security needs for participating
organization in HIEs. Several options are being considered by state and federal bodies
to come up with satisfactory solutions for interstate sharing of information.

2.2.4.2 Harmonizing State Privacy Laws

It is important to harmonize state privacy laws to enable a nationally integrated HIE.
This has to be a coordinated effort among states to help prevent the codification of
policies that could make nationwide electronic HIE impossible. There are several
ongoing initiatives in this direction.
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2.2.4.3 Standard Access Control and Authorization Policies

More work is required to establish how security and privacy policies will be imple-
mented among participants. There has to be an agreement by the involved parties not
only on the content of such policies but also a consensus on implementation and
adoption approaches as well. The access control models should be based on a “need
to know” basis (Kurtz 2003). It better to provide access based on the role of the par-
ticipant in the organization than a blanket access power to persons or organizations.
The care providers should access only the records that they are providing care for.

2.2.4.4 Inter-Organizational Agreements (I0As)

There has to be clearly defined inter-organizational agreements between organiza-
tions sharing the data in electronic health record systems. These agreements provide
the basis of trust in the relationship between participating organizations. There is an
ongoing effort on getting consensus form the partners on creating a legal agreement
in case of any breach of trust. The IOA Collaborative has developed a core set of
privacy and security provisions and plans to pilot-test two model agreements for
interstate electronic HIEs — one agreement for a public health setting and the other
for exchange among private entities (Dimitropoulos and Rizk 2009).

2.2.4.5 Educating the Consumer and the Provider

Electronic HIEs can be a new concept to consumers nationwide and thus require a
widespread effort to educate the consumer about the pros and cons of such a collab-
orative effort. Such an effort will engage consumers in the discussion about security
of the records and will make them an informed participant in this ongoing effort. One of
the key findings in the assessment of variation was that many health care providers
misunderstand the capabilities and benefits of electronic HIEs and have concerns
about the security of electronic health record (EHR) systems (Dimitropoulos and
Rizk 2009). The efforts are directed towards disseminating consistent educational
information to providers about the benefits of EHRs and electronic HIE, with a focus
on privacy and security, to help encourage their participation in electronic HIE.

2.2.4.6 Standardization and Interoperability

In order to make patient information shareable across several healthcare providers, it
is important to standardize the system and EMR specifications. The aim of this shar-
ing of information should be a single record for a patient the provides complete medi-
cal history compiling information from all the primary care physicians, surgeons,
dentists, pharmacies or any other healthcare provider the patient has visited. This
concept of total integration leads to development of the electronic healthcare record
(EHR). As challenging as it might be, EHR truly is far behind in its implementation,
except in certain environments, such as the Department of Veterans Affairs.
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2.2.4.7 Audit Controls and Monitoring

Continuous audit control and monitoring should be provided to ensure the integrity
of data. Auditing system logs provide insights into for data access on “need to
know”’ basis and developing such audit trails would be beneficial in the long run.
Random and directed review of the audit trail should be accomplished regularly to
test compliance with confidentiality policies. It is crucial to review the feeder sys-
tems for audit trail capabilities, as these could be vulnerable without proper infor-
mation security and auditing capabilities.

2.2.4.8 Clear Policies, Procedures and Controls

Policies, controls and procedures of accessing data should be clearly defined. These
policies should be communicated very well to the users through regular training and
education. Regular backup of the database must be established to include the capa-
bility to reload the database in case of disaster.

2.2.4.9 Disaster Recovery Plan

Design of the disaster recovery plan should be carried out to assure minimum risk
of systems downtime and data loss in case of a calamity. Disaster recovery plans are
crucial for data recovery process especially in the health care domain. Eventually,
all of the records of the patients will be in electronic form and loss of access to this
data could jeopardize patient care. Care should be taken to provide the correct ser-
vices for the risk involved. Backup copies of data with fail-over capabilities are
important to maintain. There should be stringent mechanisms in place to ensure
continued operation and data integrity in case of a disaster (Kurtz 2003).

2.2.4.10 Physical Security of the Information

Physical protection of important information in form of printers, disposal of copies
in paper or digital form and computers on which the data resides should be ensured.

2.2.4.11 Integrating Dental Records with EHR

There has been little effort in integrating the dental records into the EHR, with the
primary exception of certain U.S. Federal EHR technologies. According to Groen
and Powell (2010), “While patient interaction with PHR systems is still very lim-
ited, the National Dental EDI Council (NDEDIC) has recognized their importance
and begun to focus on ensuring the participation of dental insurance stakeholders in
the development of PHR systems.” Further, according to Groen and Powell, “UHIN
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(the Utah Health Information Network) is an example of a state health information
network that supports the dental community and is focused on helping to reduce
costs for dental practices. Dental claims, payments, reports and x-rays can be trans-
ferred electronically through UHIN.”

2.2.5 Conclusion

The Health Insurance Portability and Accountability Act (HIPAA) of 1996 suggests
that the privacy, security and electronic transaction standards for maintaining the
patient information for all healthcare providers. HIPAA targets two goals (Choi et al.
2006): insurance flexibility (electronic record can be easily accessed and transferred
thus would prevent refusal of coverage due to change of jobs) and administrative ease
(reducing healthcare cost due to standardizing the transactions). Hence, electronic
data interchange is an important element in assisting the organizations to meet with
high patient load and enhance business partner relationships in healthcare organiza-
tions. HIPAA seeks to validate and assist with the inevitability of electronic data
transactions, while also addressing privacy and security issues that may stem from
converting to the use of potentially vulnerable electronic transactions. The main
challenge ahead is to continue work toward a common set of privacy and security
policies and practices that respect local preferences in each state yet facilitate nation-
wide electronic HIE. For the success of integrated electronic health record technol-
ogy, it is crucial to create a broad base of support from various stakeholders and
develop consensus-based polices that could be broadly adopted and shared. This sec-
tion explores various issues and concerns in creating EHR and discusses several
possible ways of meeting such challenges.

2.3 Physicians’ Dental Data Needs and Oral Healthcare
Providers’ Medical Data Needs: The Clinical Rationale

Shin-Mey Rose Yin Geist and Valerie J. Harvey Powell

2.3.1 Physicians’ Needs for Dental Records

Physicians require dental records:

» For diagnosing and assessing systemic diseases and health status of their
patients

 For coordination and collaboration of healthcare

* For research purposes

* For forensic purposes
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More than 200 systemic diseases can present oral symptoms and/or signs. Dental
records prepared by an alert dentist provide invaluable information for early diagno-
sis and monitoring the progress of these diseases. Conditions most common or
highly relevant to oral health with respect to systemic disease are presented in this
section. Please also see Appendix C for pertinent literature on individual categories
of diseases and conditions (C-1 through C-36) where medical-dental collaboration
is valuable for patient care or research.

2.3.2 Diabetes Mellitus

Diabetes mellitus (DM), along with its complications, is one of the most complex
and difficult diseases for healthcare professionals to manage worldwide. Over the
last decade, there has been a rapid rise in the incidence and prevalence of DM due
to global changes in lifestyle. It was projected that by 2030, there will be an esti-
mated 366 million patients with diabetes in the world. In the United States, cur-
rently at least 25.8 million children and adults — 8.3% of the population — have
diabetes. Among them, 18.8 million are diagnosed and 7.0 million are undiagnosed
(American Diabetes Association 2011a).

Managing complications of diabetes such as heart disease and stroke, hyperten-
sion, retinopathy, chronic kidney disease, neuropathy, and lower-limb amputations
demands a high expenditure of healthcare resources. The fotal cost of diabetes in
the United States in 2007 was estimated at $218 billion. The costs of diagnosed
diabetes care are estimated at $174 billion. The costs of undiagnosed diabetes, pre-
diabetes, and gestational diabetes amount to an additional $44 billion (American
Diabetes Association 2011b). Early diagnosis and treatment of diabetes will pre-
vent or reduce complications and can save tremendous health care costs and
improve quality of life. Dental records reporting periodontal disease hold promise
for the diagnosis of diabetes. The association of diabetes and periodontal disease
has been well established; diabetic individuals have a high prevalence of periodon-
titis. Many patients with severe periodontitis have been referred for diabetes evalu-
ation and subsequently diagnosed with diabetes. Recently it was found that
periodontitis could be an independent predictor for diabetes incidence. Physicians
will find the benefit of patients’ dental record of periodontitis and its progression
helpful in diagnosing diabetes and monitoring the progression of the disease
(Demmer et al. 2008; Choi et al. 2011).

2.3.3 Xerostomia, Candidiasis, and Frequent Dental Infections

Xerostomia, candidiasis and frequent dental infections are common in patients with
poorly controlled diabetes (Soysa et al. 2006; Borges et al. 2010; Khovidhunkit 2009;
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Ueta 1993). These records can also be helpful in diagnosing diabetes as well as
providing physicians with a picture of the patient’s DM status.

There are indications that collaborative and coordinated dental care can reduce
the expenditure in health care resource for diabetes. Due to immunity impairment,
diabetes patients have higher risk for infection and infection complications; timely
elimination of the chronic odontogenic infections can prevent costly severe head
and neck infection and even septicemia (Calvet et al. 2001; Rajagopalan 2005;
Huang et al. 2005; Rao et al. 2010). Evidence has shown, although with some con-
troversy, that periodontal treatment improves glycemic control in diabetes (Taylor
et al. 2008; Taylor 2003; Grossi 2001; Jones et al. 2006; Janket et al. 2005). Research
on periodontal disease and increased risk for CVD in diabetes yields interesting
results that periodontal bacteria are associated with coronary disease (Desvarieux
et al. 2005; Janket et al. 2008). Although the direct cause and effect relationship is
not yet fully established, such research has raised general awareness of the impor-
tance of oral health. Many dental offices monitor Alc level of diabetes patients,
provide glucose checks, and a tobacco cessation program to collaborate and coordi-
nate diabetes patients’ healthcare. These provisions have shown a positive result
(Geist et al. 2011).

2.3.4 Chronic Kidney Disease

Chronic Kidney Disease (CKD) is a major burden to the healthcare system. CKD
is an irreversible and progressive disease for which diabetes and hypertension are
major risk factors. There are 26 million people in the United States with this dis-
ease. CKD usually progresses to kidney failure (usually called End Stage Renal
Disease or ESRD). Once patients reach this stage, they need costly renal replace-
ment therapy, either dialysis or a kidney transplant. Since 1972, the Medicare
national insurance program for ESRD has paid 80% of the costs of renal replace-
ment therapy including dialysis and transplantation for approximately 90% of
patients in the United States (National Kidney Foundation 2002, 2009). In 2007,
527,283 US residents received treatment covered by this program and the total
cost was $35.32 billion in public and private expenditures (National Kidney and
Urologic Disease Information Clearinghouse 2010). There are 158,739 US
patients living with a functioning kidney transplant in 2007. Every healthcare
effort should be made to reduce mortality and morbidity due to kidney failure,
improve the quality of life of patients and reduce the attendant healthcare expen-
ditures. Oral health care providers and nephrologists are encouraged to communi-
cate often to provide good oral health and to reduce dental infection and its
complications. Patients should have a coordinated oral health care program before
and after kidney transplant to prevent dental infection and immunosuppressant-
induced oral health problems (National Institute of Dental and Craniofacial
Research 2011).
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2.3.5 HIV Infection and AIDS (HIV/AIDS)

HIV/AIDS is another global epidemic. By the end of 2007, there were 33 million
people in the world living with HIV infection (WHO 2010). In the United States,
CDC estimates that more than one million people are living with HIV (Centers for
Disease Control and Prevention 2010a). The cost of lifetime medical care for HIV
infected individuals each year is estimated to be $20 billion (Centers for Disease
Control and Prevention 2010b).

No other systemic diseases have as high a significance in oral health as HIV/
AIDS. Early on in this epidemic, many studies demonstrated a wide variety of oral
lesions in individuals with HIV/AIDS. These lesions, from infections to neoplasms,
are common; studies have shown that about 40-50% of HIV positive persons have
oral fungal, bacterial or viral infections, often occurring early in the course of the
disease (Petersen 2004). Manifestations of these infections have been used in diag-
nosing HIV infection and subsequent disease progression to AIDS (Greenspan
1987; van der Waal et al. 1991; Coogan et al. 2005). The presence of oral candidi-
asis, oral hairy leukoplakia or Kaposi’s sarcoma strongly suggests HIV infection.
After the inception of Highly Active Anti-Retroviral Therapy (HAART), these oral
lesions often changed in frequency and severity to a certain degree; however, they
are still valuable in monitoring disease process and treatment failure, especially in
circumstances where viral load or CD4 counts are not easily or frequently accessi-
ble (Ramirez-Amador et al. 2007; Hodgson et al. 2006). With HAART, many oral
lesions related to the HAART medications’ adverse effects can affect patients’ qual-
ity of life (Hodgson et al. 2006) and need to be treated collaboratively with physi-
cians and other healthcare providers. In summary, dentists’ knowledge of oral
lesions and the advantages of the accessibility of oral manifestations in dental care
can contribute valuable information in early disease diagnosis, progression and/or
treatment failure, to the physicians who care for persons with HIV infection.

2.3.6 Hemophilia

It is estimated that 20,000 people in the United States have hemophilia. It is a rare
disease, but its treatments are expensive and demand extensive coordination.
Individuals with hemophilia are encouraged to enroll in the federal government
sponsored hemophilia treatment centers (HTCs). More than 100 federally funded
HTCs are located throughout the United States. Many HTCs are located at major
university medical and research centers so all the treatment that a patient needs will
be coordinated easily to increase effectiveness, and to reduce complications and
costs. The hemophilia teams at these centers include nurse coordinators, hematolo-
gists (adult or pediatric), social workers, physical therapists, orthopedists, dentists
and nutritionists. A CDC study showed that people who used an HTC were 40%
less likely to die of a hemophilia-related complication compared to those who did
not receive care at a treatment center. It also demonstrated that people who used a
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treatment center were 40% less likely to be hospitalized for bleeding complications
(Centers for Disease Control and Prevention 2011). Individuals with hemophilia are
encouraged to maintain optimal oral health. Their oral health records are an impor-
tant source of information for coordinated care, especially for surgical dental proce-
dures such as wisdom teeth extractions. Recent recommendations specify that only
a hematologist may prescribe factor concentrates to avoid complications, minimize
costs and optimize the treatment outcome.

2.3.7 Autoimmune Diseases

The NIH estimates that up to 23.5 million Americans have an autoimmune disease
(AD). Depending on the classification system, there are 80—100 different autoim-
mune diseases. Many of them affect multiple organs and different parts of the body
(systemic autoimmune diseases), giving affected individuals a variety of symptoms
and signs (NIH National Institute of Allergy and Infectious Diseases 2005). This
problem makes diagnosis difficult. Particularly when an individual, affected by dif-
ferent autoimmune diseases, exhibits an overlapping array of symptoms and signs.
The most common systemic autoimmune disorders are SLE, rheumatoid arthritis
and Sjogren syndrome, and most of the time they occur in the same individual.
Diagnosis and treatment can be challenging and require a multidisciplinary approach.
These diseases often have oral manifestations in the early stage and many times the
oral lesions provide important clues in establishing early diagnosis.

2.3.8 Sjogren Syndrome

Sjogren syndrome (SS) is one of the most common systemic autoimmune diseases.
It can cause dysfunction of the exocrine glands and of other organs such as the kid-
neys, gastrointestinal system, blood vessels, lungs, liver, pancreas and the central
nervous system. The characteristic symptoms are dry mouth and dry eyes due to the
reduction of flow of salivary and lachrymal glands, but patients may also experience
extreme fatigue and joint pain and have a 20 times higher risk of developing lym-
phoma compared to the general population (Zintzaras et al. 2005). Currently it is
estimated that four million Americans are affected by this debilitating disease
(Sjogren’s Syndrome Foundation 2009). Of these, about 50% exhibit primary
Sjogren syndrome. The other 50% of cases are secondary Sjogren syndrome, which
involves the presence of other systemic autoimmune disorders such as rheumatoid
arthritis, lupus or scleroderma. Diagnosis of Sjogren syndrome can be challenging.
The average time between first symptoms and diagnosis is 10 years, while patients
are already suffering from physical, psychological and social disabilities.

The early sign of dry mouth may not be perceived by the affected individuals
because it takes 40-50% of salivary function loss to feel dry (Dawes 1987). However,
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the oral manifestations, mainly oral candidiasis and dental decay at the root surface
and incisal edge, serve as signs of oral dryness. Some individuals may experience
frequent oral traumatic ulcers due to lack of lubrication of food. These clinical signs
along with easy access for a lower lip minor salivary gland biopsy may contribute
valuable information in establishing a diagnosis in an early stage.

2.3.9 Systemic Lupus Erythematous (SLE)

SLE is another common systemic autoimmune disorder. SLE affects many organs
and systems in the body, producing widely variable symptoms. Oral lesions occur
in about 40% of the patients, and include involvement in Sjogren syndrome. SLE
can appear as thinning of the oral mucosa (erythema) with ulcers and white radiat-
ing lines at the border of the areas of redness. This observation is called lichenoid
mucositis and assists in establishing the diagnosis.

2.3.10 Cancer

Coordination and collaborative care is crucial before, during and after cancer
therapy. It is especially important in chemotherapy and radiation therapy. Most che-
motherapeutic agents used in cancer treatment interrupt cell metabolism, inhibit cell
division and cause biological cell death of rapidly proliferating cancer cells. They
also kill normal cells that divide frequently, such as bone marrow cells, mucosal
cells in the digestive tract (including the oral cavity), and hair follicle cells. These
results in the most common side effects of chemotherapy: bone marrow suppres-
sion, immunosuppression, mucositis and hair loss. Mucositis and increased risk for
infection due to immunosuppression are major concerns. Although these side effects
are mainly reversible, when they happen during therapy they can be too severe for
the therapy to continue. They may delay or interrupt cancer therapy and decrease its
effectiveness. For example, latent dental infection can become active due to immu-
nosuppression, resulting in severe and sometimes lethal head and neck infections
such as Ludwig angina. Before patients start chemotherapy, it is essential that they
have a comprehensive oral examination. All infection sources must be removed to
prevent inter-treatment dental infections.

For patients diagnosed with leukemia or lymphoma, pre-chemotherapy tooth
extraction may be prohibitive due to the myelosuppression and immunosuppression
of the disease itself. However, palliative measures can be taken to reduce or avoid
chemotherapy complications.

Advanced medical technology has recently made hematologic stem cell trans-
plant (HCT) — once the last resort treatment of blood cell malignancies such as
leukemia and many solid tumors —a widely used and potentially curative procedure.
This new procedure, in addition to traditional bone marrow transplant (BMT), has
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made oral health care a vital part of HCT management before, during and after the
course of therapy. Pre- and post-transplant immunosuppressant treatment may cause
short-term or long-term oral complications. These complications include mucositis,
infections, oral bleeding, graft-versus-host disease, salivary changes and dry mouth,
taste alterations, secondary malignancies in oral cavity, and jaw bone necrosis.
Vigilant oral care can reduce mortality and morbidity, increase the success rate of
engraftment and improve the quality of life of the recipients (Epstein et al. 2009).

2.3.11 Chronic Graft-Versus-Host Disease (CGVHD)

HCT, BMT, and kidney and other organ transplant recipients are expected to have
degrees of graft-versus-host disease (GVHD) in the months to years following the
transplant. GVHD is a condition in which alloreactive donor T cells recognize host
tissue antigens as foreign and mount an immune response against the host tissue
similar to systemic autoimmune diseases. Acute GVHD is usually managed by the
transplant team while the patient is still in the medical center. However, more than
50% of patients develop chronic GVHD, which usually appears within 6—12 months
of transplantation. Oral manifestations may be the initial or only signs of this reac-
tion. Dental records of these oral lesions, which can be ulcerative or erythematous,
and can include reticular lichenoid mucositis and frequent mucocele formation, can
help in the diagnosis of cGVHD in the community health care setting. Patients may
quickly be referred back to the original medical center if necessary.

2.3.12 Bisphosphonate-Associated Osteonecrosis

Since 2003, a new disease entity, bisphosphonate-associated osteonecrosis (BON),
has emerged in cancer patients who have received intravenous nitrogen-containing
bisphosphonates (Geist et al. 2005). This form of bisphosphonate has been used in
treating bone cancer such as multiple myeloma and solid tumors that are known to
metastasize to bone such as prostate cancer, breast cancer, and lung cancer. It is
used to reduce or prevent skeletal events. The disease mechanism is not fully
understood, but current evidence indicates that BON almost exclusively involves
the jawbone and is most prevalent in patients who have received intravenous nitro-
gen-containing bisphosphonates such as pamidronate and zoledronic acid for can-
cer therapy. In most cases, necrosis of the jawbones appeared after dental surgical
procedures such as tooth extractions. Patients with a history of intravenous nitro-
gen-containing bisphosphonate therapy are advised to avoid invasive dental proce-
dures, and oral healthcare providers are warned to take precautions in treating such
patients. The oral healthcare community urges oncologists to refer patients for oral
health care before initiating IV bisphosphonate use to avoid future surgical dental
procedures that may increase the risk of bisphosphonate-associated jawbone
necrosis (Migliorati et al. 2011).
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2.3.13 Head and Neck Cancer

Oral healthcare providers have a long history of collaboration with surgeons, oncol-
ogists, otolaryngologists and other specialists in managing head and neck cancer
patients. This is probably due to the common treatment area of the oral cavity. It is
probably more so in Taiwan, where there is a high prevalence of nasopharyngeal
carcinoma (NPC). NPC is a common form of head and neck cancer among Southern
Chinese and the treatment is almost exclusively high dose external irradiation with
a minimal dosage of 65 Gy. In order to encourage compliance, increase the survival
rate and improve the quality of life of the survivors, complications of radiation
therapy must be managed collaboratively among the radiation oncologist, ENT spe-
cialists, dentists, dental specialists and other health professionals. In the early 1970s,
tumor boards were established in major hospitals where NPC and other head and
neck cancer patients were treated. It was in these tumor board conferences that the
involved specialists contributed their expertise to help define the treatment plan for
individual patients and resolve issues of complication. Because of the involvement
of oral healthcare providers and ENT specialists, the most severe complication of
radiation therapy, osteoradionecrosis, has been greatly reduced (Hahn 1983; Geist
et al. 1993; Chen et al. 2000). Today, oral health care of head and neck cancer
patients before, during, and after radiation therapy has become the standard of care
for head and neck cancer treatment worldwide (Vissink et al. 2003; National Cancer
Institute 2011).

Due to the complexity of cancer patient management and the multidisciplinary
care involved, a teamwork approach should be adopted in every health care system
where any type of cancer patient is treated. Oral health care providers should be
included in the team. Some hospitals do not have an oral health care component for
their cancer management team. This omission can be detrimental to their patients’
overall health during cancer therapy. Hospitals should be encouraged to maintain if
not expand oral health care to incorporate emerging techniques and medicine to
improve the outcome of cancer treatment (Parzuchowski JS et al, 2011). Hospitals
should be encouraged to maintain, if not expand oral health care to incorporate emerg-
ing techniques and medicine to improve the outcome of cancer treatment.

Before patients start radiation or chemotherapy, it is essential that they have a
comprehensive oral examination. All infection sources must be removed to prevent
inter- and post-treatment dental infections. These infections may delay or interrupt
cancer therapy and decrease its effectiveness. Before IV bisphosphonate use, patients
should have appropriate dental treatment to avoid future surgical dental procedures
which may increase the risk of bisphosphonate-associated jawbone necrosis.

2.3.14 Gardner Syndrome

Gardner syndrome is an inherited disease complex with multiple abnormalities that
may involve the skin, retina, skeleton and teeth. One of the components of the syn-
drome is familial colorectal polyposis. These polyps have a high rate of malignant
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transformation into invasive adenocarcinoma. Studies have shown that by age 30,
about 50% of patients with Gardner syndrome will develop colorectal carcinoma. It
is crucial to diagnose this syndrome in early life so preventive removal of the polyps
can be done early. Multiple osteomas of the mandible and multiple supernumerary
teeth are common findings. Dental records of these lesions can contribute to early
diagnosis and prevent malignancy in patients with this syndrome.

2.3.15 Oral Healthcare Providers’ Medical Data Needs

With advances in medical and dental sciences and technology, many dental patients
present with multiple medical conditions that may require modifications in dental
management. It is essential to have patients’ relevant medical information accu-
rately stated and updated in the record so a risk and benefit assessment can be done
for every dental treatment, and that certain precautions be taken, to deliver dental
care safely and efficiently. A patient’s self reported health history is not always
reliable (Pakhomov et al. 2008; Leikauf et al. 2009). For example, a patient may
not report the status of COPD, which precludes supine positioning during long
periodontal procedures. A patient may not report clearly and precisely about his or
her cancer status and cancer treatment plan to permit the dentist to decide which
dental treatment procedure takes priority. In general, a patient’s medical record
should be included in his or her health record because dental care is delivered to a
whole person. However, for practical purposes, information with high relevancy
needs to be sought. This includes medical data needed for assessing the risk of:

* Office emergencies

e Post-surgery bleeding

¢ Post-treatment infection
¢ Certain other conditions

In addition to the above, when coordinating the preparation of patients for HCT,
BMT, or other organ transplant, for chemotherapy and/or radiation therapy, and for
implantation of various devices, relevant medical data is also needed.

2.4 Standardized/Structured Messages Facilitate Efficient
Information Sharing and Benefit Patient Care

Shin-Mey Rose Yin Geist

Due to the medical advances and evolution of medical subspecialties, large portions
of the population, especially those with chronic medical conditions, often receive
healthcare from multiple specialties. Care coordination by sharing patients’ health
information among different specialties becomes essential for quality of care to
maximize the resources of the healthcare system. The key to care coordination is
communication, which takes the form of consultation or referral.
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Consultation or referral is a process involving three steps:

 [nitiation of the process: confirming relevant patient information, providing rea-
sons for the consultation or referral, and requesting specific information.

e Responding: The response to this consultation provides direct answers to the
request.

o [Interpretation: The final step of this process is interpretation of the response and
making clinical decisions. When these three steps are carried out adequately and
in a timely manner, the process can be efficient, benefiting patients and reducing
costs for the healthcare system. Each step has its own challenges of knowledge,
time, manpower, and sometimes, financial demand.

It has been widely recognized that communication among healthcare providers
regarding consultation/referral can be time consuming, labor intense, and many
times, futile. It is a major source of inefficiency and a quality issue in the healthcare
system (Geist et al. 2008; O’Malley et al. 2011).

This section will focus on the knowledge part of the consultation-referral,
addresses the importance of standardized-structured communications and indicates
how these can greatly streamline the consultation/referral process.

Knowing what information to request or answer in the consultation/referral is the
key to efficient communication. The information should be relevant and current,
meaning problem-focused information and the current understanding of the disease
and paradigm of management. This relevant information can be organized into a
concise standardized/structured communication message (Geist et al. 2008).

Resources for standardized/structured communication messages are derived
from standards of care and clinical practice guidelines in prevention, detection,
evaluation and treatment of various diseases.

Many health organizations either regularly update their clinical practice guide-
lines or develop new guidelines for managing patients with various diseases. The
Institute of Medicine defines guidelines as “systematically developed statements to
assist practitioner and patient decisions about appropriate health care for specific
clinical circumstances” (Field et al. 1990). Health care organizations also develop
and update scientific statements, scientific advisories and position statements. These
publications serve as tools to increase healthcare professionals’ knowledge and
awareness of effective, state-of-the art science related to the causes, prevention,
detection or management of specific diseases, or to provide rapid, clear and consis-
tent statements of the organization’s position on scientific issues. Published periodi-
cally every 5-6 years, depending on the scientific evidence that has emerged, these
publications reflect major paradigm shifts in the understanding of disease behavior
and management.

The American Diabetes Association (ADA) publishes their clinical practice
guidelines as clinical practice recommendations, which consist of position state-
ments on various topics related to diabetes. These statements are reviewed annually
and updated as needed. Standards of Medical Care in Diabetes is one of these
position statements and is published every January (American Diabetes Association
2011). The American Heart Association publishes guidelines on various topics on
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cardiovascular diseases such as prevention of endocarditis (Wilson et al. 2007),
myocardial infarction management (ACC/AHA 2008) and many others.

These clinical practice guidelines or scientific statements, being current, evi-
dence-based, widely recognized and deeply influential, not only provide assistance
in clinical decision making. They also establish the parameters of interdisciplinary
conversation and have a major impact on consultation concerns and consultant
responses. In essence, they provide the common ground for communication and the
structure of the consultation questions.

By compliance with standards of care or clinical practice guidelines, many inter-
disciplinary communications can be brief and to the point to avoid redundancy and
confusion.

An example would be the primary care provider (in this case a dentist) requesting
a specialist (in this case a cardiologist) to provide a pre- surgical cardiovascular risk
assessment for a patient who reported history of heart attack 3 months ago.
Communication can be standardized and structured by following the current ACC/
AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation and Care for
Noncardiac Surgery (Fleischer et al. 2007). These current guidelines provide an algo-
rithm to direct the clinician to reach a clinical decision. The dentist needs to request
verification of the date of the heart attack, the extent of the infarct as well as residual
LV function, and the severity of coronary artery disease. Once this information is
obtained from the cardiologist, the dentist should be able to reach a clinical decision
on when and how to provide dental care by using the algorithm (see Fig. 2.13).

Routinely requesting a formal pre-surgical cardiovascular risk assessment can
cause unnecessary delay and cost of healthcare resource.

2.4.1 Other Examples of Clinical Practice Guidelines
That Influence Interdisciplinary Consultations

24.1.1 Hypertension

Hypertension is one of the most ancient diseases and is a major global health issue.
The history of hypertension has shown that in the 1930s (Moser 2006), high blood
pressure was considered a natural process and should be left alone. In the 1940s,
hypertension was diagnosed only when blood pressure was greater than 180/110.
Until the 1950s, elevated blood pressure was still considered necessary for the
adequate perfusion of vital organs. Over the next half-century, the definition, pre-
vention, diagnosis and treatment of hypertension have gone through tremendous
changes. The changes in concepts and management are well reflected in the
national guidelines: the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure (JNC) Reports. These reports
are published as clinical practice guidelines by a committee that is sponsored by
the National Heart, Lung and Blood Institute (NHLBI), a branch of the National
Institutes of Health of the US Department of Health and Human Services. From
the first INC report in 1976 to the current 7th JNC report published in 2003
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(Lenfant 2003), committees have been formed every 4—6 years to issue new sets of
guidelines. They update the management of hypertensive patients based on the
scientific understanding of the physiology, epidemiology, pathology and availabil-
ity of pharmaceutical therapeutic agents. The guidelines guide physicians, other
health care providers, patients and the public on new definitions, classifications,
treatment rationales and options, and management of hypertension and its compli-
cations. In the first INC report, no specific action was recommended unless the
diastolic pressure was >105 mmHg. There were no recommendations for the stag-
ing of hypertension based on systolic pressure. There were fewer than 30 drugs
available to treat hypertension at that time. In the 7th JNC report (Lenfant 2003),
normal blood pressure for adults 18 years and older was defined as <120/80 mmHg.
Prehypertension was defined for individuals whose blood pressure falls between
120/80 and 140/90 mmHg. Individuals with prehypertension who also have diabe-
tes or kidney disease should be considered candidates for appropriate drug therapy
if a trial of lifestyle modification fails to reduce their BP to 130/80 mmHg or less.
JNC seven suggests that all people with hypertension (BP >140/90 mmHg) be
treated. The treatment goal for individuals with hypertension and no other compel-
ling conditions is <140/90 mmHg. Based on recent evidence, the 7th INC empha-
sizes the importance of systolic blood pressure as a major risk factor for CVDs.
There were more than 100 antihypertension drugs available at the time of publica-
tion of the 7th report of JNC.

All these changes have had a major impact on interdisciplinary communication.
Dentists know when to refer patients for hypertension evaluation and treatment.
Dentists also know how to manage dental patients with hypertension without send-
ing unwarranted consultations to request permission from physicians to treat dental
patients who have hypertension.

2.4.1.2 Heart Murmurs and Antibiotic Prophylaxis for Prevention
of Infective Endocarditis

Heart murmurs are abnormal sounds either heard during the heart cycle, by stetho-
scope or detected on an echocardiogram. A heart murmur may have no pathological
significance or may be an important clue to the presence of valvular or other struc-
tural heart abnormalities. A murmur that has no pathological significance is often
referred to as an innocent, functional or physiologic murmur. Innocent murmurs are

<
<

Fig. 2.13 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). (Reprinted with permission Circulation. 2007;116:e418-e500 ©2007
American Heart Association, Inc.)
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Fig. 2.14 Cardiac conditions Prosthetic cardiac valve or prosthetic material used for cardiac valve repair
associated with the highest risk of Previous IE

adverse outcome from endocarditis Congenital heart disease (CHD)*

for which prophylaxis with dental Unrepaired cyanotic CHD, including palliative shunts and conduits
procedures is reasonable (Wilson Completely repaired congenital heart defect with prosthetic material or
et al. 2007) device, whether placed by surgery or by catheter intervention, during the

first 6 months after the proceduret

Repaired CHD with residual defects at the site or adjacent to the site of a
prosthetic patch or prosthetic device (which inhibit endothelialization)

Cardiac transplantation recipients who develop cardiac valvulopathy

*Except for the conditions listed above, antibiotic prophylaxis is no longer
recommended for any other form of CHD.

tProphylaxis is reasonable because endothelialization of prosthetic material
occurs within 6 months after the procedure.

common in children and are quite harmless. Other causes of innocent heart murmur
are pregnancy, fever, thyrotoxicosis (a condition resulting from an overactive thy-
roid gland) or anemia.

2.4.1.3 Pathologic Heart Murmurs (Organic Heart Murmurs)
that Are Caused by a Variety of Valvular Defects

Prior to the current American Heart Association (AHA) guidelines regarding the
prevention of infective endocarditis (IE), an organic heart murmur had great
clinical significance. This was because previous AHA guidelines on antibiotic
prophylaxis (AP) for IE prevention recommended AP for many heart conditions;
the list was long and complex. An organic heart murmur was often used as a sur-
rogate marker to identify conditions for which AP was recommended because
almost all heart conditions recommended previously for AP were associated
with an organic (pathologic) heart murmur. An organic heart murmur thus had
great clinical significance (Dajani et al. 1997; Bonow et al. 2006). When a patient
reported a heart murmur without further information regarding its nature (organic
or innocent), its clinical significance was somewhat ambiguous. Clarification
of the nature of the heart murmur was a major reason for medical consultations
and contributed to inefficiencies in health care (Geist et al. 2008; Lessard
et al. 2005).

The AHA 2007 guidelines on AP for (IE) prevention (Wilson et al. 2007)
excluded many of the conditions associated with organic heart murmur from the list
of conditions that are reasonable for AP, such as aortic stenosis and mitral valve
prolapse (MVP) with regurgitation and about a dozen other heart conditions. The
new guidelines defined a clear and short list of heart conditions for which AP is
reasonable, thus making the pursuit of the nature of a heart murmur an insignificant
clinical issue in this aspect (Fig. 2.14).

¢ Prosthetic cardiac valve or prosthetic material used for cardiac valve repair
* Previous IE
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* Congenital heart disease (CHD)!*

— Unrepaired cyanotic CHD, including palliative shunts and conduits

— Completely repaired congenital heart defect with prosthetic material or device,
whether placed by surgery or by catheter intervention, during the first 6 months
after the procedure'

— Repaired CHD with residual defects at the site or adjacent to the site of a
prosthetic patch or prosthetic device (which inhibit endothelialization)

» Cardiac transplantation recipients who develop cardiac valvulopathy

With these changes, the reasons for and requested information in consultations
have drastically reduced and the increased clarity has improved the efficiency in
communication. Dentists simply need to confirm with cardiologists if their patients
have any of the heart conditions associated with the highest risk of adverse outcome
from endocarditis for which prophylaxis with dental procedures is reasonable. (See
Appendix A for a standard/structured consultation form)

2.4.1.4 Diabetes

The American Diabetes Association (ADA) publishes standards of medical care in
Diabetes every January. The standards contain current treatment and possible compli-
cations, and therefore serve as tools for risk and benefit assessment for all health care
providers who manage patients with diabetes (American Diabetes Association 2011).

The ADA’s clinical recommendations are closely linked to other major diabetes
care organizations such as World Health Organization (WHO) and the International
Diabetes Federation (IDF). These recommendations provide a standardized mes-
sage, such as patient’s target Alc level and risk for hypoglycemia, microvascular
and macrovascular complications risk and management, insulin-resistance-risk-
control and many other diabetes issues. When an oral healthcare provider consults
with a physician regarding dental care for a patient who has diabetes, questions of
current Alc level and Alc target should be routinely asked.

2.4.1.5 Coronary Artery Stent

Coronary angioplasty, also called percutaneous coronary intervention (PCI), is a
procedure designed to open clogged coronary heart arteries. More than 70% of the
PCI include the placement of stent(s) in the artery to prop it open. In 2006, there
were 652,000 PCI procedures with stents, of which approximately 76% were drug-
eluting stents and 24% bare-metal stents. Individuals with coronary stent(s) are rec-
ommended to take dual antiplatelet therapy: thienopyridines (clopidogrel or

2Except for the conditions listed above, antibiotic prophylaxis is no longer recommended for any
other form of CHD.

BProphylaxis is reasonable because endothelialization of prosthetic material occurs within
6 months after the procedure.
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ticlopidine) in combination with aspirin to reduce the incidence of major adverse
cardiac events and stent thrombosis.

In 2007, the American Heart Association, American College of Cardiology,
Society for Cardiovascular Angiography and Interventions, American College of
Surgeons, and American Dental Association jointly published a Science Advisory:
Prevention of Premature Discontinuation of Dual Antiplatelet Therapy in Patients
with Coronary Artery Stents (Grines et al. 2007). It is recommended that individuals
with bare-metal stents should stay on the dual antiplatelet therapy for 3 months,
individuals with drug-eluting stents for 12 months. There should be coordination of
care between the patient’s cardiologist and other healthcare providers who perform
invasive or surgical procedures and are concerned about perioperative and postop-
erative bleeding. These healthcare providers must be made aware of the potentially
catastrophic risk of premature discontinuation of thienopyridine therapy. Dental
practitioners are strongly discouraged from manipulating patients’ antiplatelet ther-
apy. The advisory stated that there is little or no indication for interruption of anti-
platelet drugs for dental procedures. When concerned about prolonged bleeding
during or after invasive dental procedures, dental practitioners should either post-
pone the procedure or consider using local hemostasis measures. The same issue
was also addressed in the American College of Chest Physicians practice guidelines
on the perioperative management of antithrombotic therapy (Douketis et al. 2008).

These advisory and current guidelines provide relevant information for dental
practitioners before even initiating the consultation to ask about discontinuance or
alteration of the antiplatelet regimen.

2.4.1.6 Chronic Kidney Disease

Prior to 2002, different terms were used to describe chronic kidney disease: dimin-
ished renal reserve, renal insufficiency, renal failure and end-stage renal disease
(ESRD). Severity of kidney malfunction was measured with abstract criteria such as
percentage of nephrons’ function loss. These non-specific terms and vague disease
stage criteria made interdisciplinary and even intradisciplinary communication dif-
ficult, with negative consequences to patients’ care.

In 2002 The National Kidney Foundation’s (NKF-USA) Kidney Disease Outcomes
Quality Initiative (KDOQI) published a guideline on chronic kidney disease (CKD),
in which a new definition of chronic kidney malfunction and criteria for staging the
severity of the malfunction were introduced (Kidney Disease Outcome Quality
Initiative, 2002). The term Chronic Kidney Disease (CKD) was proposed for a spec-
trum of function loss based on the level of glomerular filtration rate (GFR). In 2005,
KDIGO (Kidney Disease: Improving Global Outcomes), an independent non-profit
organization under the administration of NKF, endorsed this definition and staging
system (Levey et al. 2005). From that point on, global communication regarding
chronic kidney disease was improved. Nevertheless, the definition and staging system
are not perfect; while they have attained global acceptance, there are also controver-
sies. The main concern was the over- and misdiagnosis of CKD and possible overuse
of specialty resources. The position KDOQI and KDIGO is that current definition/
staging of CKD is simple and easy to apply (Eckardt et al. 2009). It raises awareness
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of CKD and improves the prognosis, in the long run benefiting patients and reducing
the costs of the healthcare system. In response to these controversies, KDIGO has
convened a workgroup to develop global clinical practice guidelines for the defini-
tion, classification/staging and prognosis of CKD. The consensus has been reached to
keep the current definition for CKD with the addition of clinical diagnosis and albu-
minuria staging, to modify the classification system (Levey et al. 2010). The future
guidelines will facilitate improved interdisciplinary communication even more.

2.4.1.7 Renal Dialysis

Individuals undergoing long-term renal dialysis (hemodialysis (HD)) have a dialy-
sis access which can be an arteriovenous (AV) fistula or a synthetic graft. Patients
undergoing renal dialysis (peritoneal dialysis (PD)) have a PD catheter dialysis
access. The access serves as a life line to the patient because it provides access for
blood going through the dialysis machine and returning to the body. Infection of the
access can be a serious complication; emergent access must be made and new long-
term access has to be made. Due to the invalid focal infection theory, patients with
hemodialysis access had been given antibiotic prophylaxis for any invasive medical
or dental procedure causing transient bacteremia to prevent access infection. New
evidence indicates that the majority of hemodialysis access infections are most
often caused by staphylococci, Gram-negative bacteria, or other microorganisms in
association with surgery when the access was placed, or resulting from wound or
other active infections. There is no convincing evidence that microorganisms asso-
ciated with transient bacteremia from dental procedures cause infection of these
access. In 2003, the AHA published a scientific statement on nonvalvular cardiovas-
cular device-related infections. The statement does not recommend antibiotic pro-
phylaxis after HD access placement for patients who undergo routine dental,
respiratory, gastrointestinal, or genitourologic procedures causing transient bacter-
emia. Prophylaxis is only recommended for patients when they undergo incision
and drainage of infection at other sites or replacement of a hemodialysis access
(Baddour et al. 2003).

2.4.2 Permanent Pacemaker and Implantable Cardioverter-
Defibrillator (Cardiovascular Implantable Electronic Device)

Because of the focal infection theory, patients with pacemakers and implanted defi-
brillators had been given antibiotic prophylaxis for any invasive medical or dental
procedure causing transient bacteremia to prevent infection of the devices. According
to the AHA’s 2003 statement on nonvalvular cardiovascular device-related infec-
tions, individuals with pacemakers and defibrillators only need antibiotic prophy-
laxis when undergoing incision and drainage of an abscess or replacement of
pacemaker or defibrillator (Baddour et al. 2003). Based on new evidence, in 2010
the American Heart Association published a scientific statement to update guide-
lines on permanent pacemaker (PPM) and implantable cardioverter-defibrillator
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(ICD) infections and their management. The statement does not recommend
antibiotic prophylaxis for dental or other invasive procedures not directly related to
device manipulation to prevent CIED infection (Baddour et al. 2010).

2.4.3 Patients Who Are Taking Oral Anticoagulants

Warfarin is a synthetic vitamin K antagonist. It has been used as an oral anticoagu-
lant since the 1950s for the primary and secondary prevention of venous throm-
boembolism, for the prevention of systemic embolism in patients with prosthetic
heart valves or atrial fibrillation, for the primary prevention of acute myocardial
infarction in high-risk individuals, for the prevention of stroke, recurrent infarction
or death in patients with acute myocardial infarction. Although Warfarin is effec-
tive, this medication is both challenging to clinicians and patients. The anticoagula-
tion status of the patient must be closely monitored by a laboratory test — the
international normalized ratio (INR) — to keep the patient in a narrow therapeutic
range without causing a bleeding problem. Many kinds of food are rich in vitamin K;
consumption of too much vitamin K-rich food will cancel the antocoagulant effect
of Warfarin. Patients on Warfarin must follow dietary instructions. Many medica-
tions also interact with Warfarin. Many clinicians, including dentists who provide
surgical procedures to patients taking this medication, often face the dilemma of
continuing or discontinuing warfarin therapy or adjusting the dosage for fear of
prolonged bleeding after surgery. These issues were addressed in the American
College of Chest Physicians’ Evidence-Based Clinical Practice Guidelines (8th
Edition) in the Perioperative Management of Antithrombotic Therapy section
(Douketis et al. 2008). The guideline developers recommend continuance of
Warfarin therapy around the time of dental procedures and co-adminstration of an
oral prohemostatic agent to control local bleeding.

Dabigatran is an alternative to Warfarin. It provides an anticoagulant effect simi-
lar to warfarin but does not need INR monitoring. Dabigatran is a direct thrombin
inhibitor and is not a vitamin K antagonist. Dabigatran has been approved for use in
Europe, Britain, and Canada since 2008 to prevent blot coagulation. In October
2010, the drug was approved by the U.S. Food and Drug Administration for preven-
tion of stroke in patients with non-valvular atrial fibrillation. Its use is recommended
by the American College of Cardiology Foundation/American Heart Association as
a Class I recommendation (Wann et al. 2011).

2.4.4 Patients Who Are Taking Antiplatelets

Consultation requests to physicians asking if a patient’s antiplatelet regimen should
be altered for dental surgery is one of the unwarranted reasons for consultation
(Geist et al. 2008), and are often done because of fear of post operative bleeding.
However, stopping a patient’s antiplatelet therapy can carry a risk for fatal thrombo-
sis. This issue was addressed in the section of coronary artery stents.
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2.4.5 Bleeding Time (BT) and Platelet Function Assay-100
(PFA-100)

In assessing perioperative excessive bleeding, clinicians often request BT or PFA-
100. The College of American Pathologists (CAP) and the American Society of
Clinical Pathologists (ASCP) published a position statement in 1998 stating that BT
cannot reliably identify individuals who have recently ingested aspirin or who have
a drug-induced platelet defect. It concluded, “in the absence of a bleeding history,
BT does not predict the risk of bleeding associated with surgery” (Peterson et al.
1998). Currently, no laboratory tests are predictive of surgical bleeding in patients
taking antiplatelets.

PFA-100 is a sensitive test for drug effects; however, its value in prediction of
surgical bleeding is not established. Patient history is the most cost-effective screen-
ing tool in predicting surgical bleeding.

The current American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines on the Perioperative Management of Antithrombotic Therapy
recommend against the routine use of platelet function assays to monitor the anti-
thrombotic effect of aspirin or clopidogrel in patients who are receiving antiplatelet
drugs (Douketis et al. 2008).

In summary, the evidence-based clinical practice guidelines, scientific state-
ments, advisory statements and position statements from various specialty organiza-
tions provide parameters for interdisciplinary communication.

2.4.6 Cancer Patient Management

National Cancer Institute of the U.S. Institutes of Health has developed and main-
tains a comprehensive online database of the most current, credible, and accurate
information regarding cancer patient management. This database is also called
Physician Data Query (PDQ). The PDQ contains peer-reviewed summaries on can-
cer treatment, screening, prevention, genetics, complementary and alternative medi-
cine and supportive care. It also includes a registry of cancer clinical trials from
around the world, and directories of physicians, professionals who provide genetics
services, and organizations that provide cancer care. The PDQ is provided in profes-
sional and patient versions to facilitate communication among healthcare providers
and between patients and their care providers (National Cancer Institute 2010).

Oral complications of chemotherapy and head/neck radiation can be quite sig-
nificant. The PDQ contains the current standard information for head and neck
radiation therapy, including dosage, delivery methods, prevention and management
of oral mucositis, infections, taste alterations, salivary dysfunction, dental decay,
truisms and risk levels of osteoradionecrosis. It also addresses prevention and man-
agement of the oral complications of various cancers and hematopoietic stem cell
transplantation (National Cancer Institute 2011).

These information resources will serve as a risk/benefit assessment tool and will
provide common language for communication.
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2.4.7 Limitations of Structured Communication

Today, it is every healthcare provider’s responsibility to update his/her knowledge
in practice guidelines in order to practice team-based care. Communication is a
dynamic process, and the content of the communication varies as the disease pattern
changes and treatment advances. The strength of standard/structured communica-
tion can sometimes become a limitation to a clinician who is not abreast with current
knowledge. A standard/structured consultation form may need to be updated often
and may restrict free information flow.

However, limitations always can be overcome by continuing education that is
designed to bring all parties of healthcare providers up to date. Various medical health-
care specialist organizations and oral healthcare organizations should work together to
share each other’s expertise and advocacy so patients will benefit from integrated and
coordinated health services. The health system will benefit from cost reduction with
collaboration in care and unwarranted consultations and laboratory tests.

Adaptation of an electronic health record system will reduce the administrative
burden of time and the tasks of generating new consultation forms and transmitting
consultation requests and responses.

2.5 Designing and Implementing Efficient Structured
Communication Among a Patient’s Medical
and Dental Providers

Shin-Mey Rose Yin Geist

For efficiency of information sharing, confidentiality of patient information, record
keeping and legal purposes, interdisciplinary communication takes the form of con-
sultation and referral so that it can be well documented and easy to retrieve. The
process of consultation/referral involves request, response and interpretation to
reach a clinical decision. Each step of the process has its challenges. The biggest
one is the content of the request and response. Once the content of the consultation/
referral form is standardized by applying knowledge of current clinical practice
guidelines and/or scientific statements, the requests and responses can be organized
into a concise and structured communication message to improve the quality of the
consultation/referral and consequently the efficiency of patient care (Geist et al.
2008).

Principles of designing efficient structured communication among a patient’s
medical and dental providers consist of:

* Request Forms: Designing a straightforward request form with standard ques-
tions based on current standards of care or clinical practice guidelines, and

* Answer Lists: Providing a standard answer list in the response for the consultant
to check.
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Fig. 2.15 Oncology consult form Referral:

for cancer patient regarding partor ~ Mr./Ms.____ willneed

future bisphosphonate therapy chemotherapy / radiation therapy for___ cancer.
Please assess his / her dental needs and prepare
his / her oral cavity for the therapy to minimize the
discomfort and the risk for oral infection and other
complications during and after the therapy.

Chemotherapy / radiation therapy will be initiated on
,20
Chemotherapy agent(s) include:

The areas of the radiation will be

The total radiation dosage will be

The radiation delivery mechanism will be

For example, a primary care provider (in this case a dentist) requests a specialist
(in this case a cardiologist) to provide information for cardiovascular risk assessment
for a patient with a reported history of myocardial infarction (MI) who needs two
teeth extracted under local anesthesia. Instead of asking the cardiologist about the
patient’s risk from dental treatment, the oral healthcare provider should ask specific
questions regarding the date, extent, and treatment for the MI, and outcome of that
treatment; in other words, the patient’s current cardiac status. Once the information
is received, the oral healthcare provider will plug the information into the algorithm
provided in the ACC/AHA 2007 guidelines on perioperative cardiovascular evalua-
tion, care for noncardiac surgery (Fleisher et al. 2007), and take necessary precau-
tions for indicated treatment.

For a dental patient who is reported to have diabetes mellitus, oral healthcare
providers should issue a standardized/structured consultation requesting the most
recent HbAlc level and glycemic control target; see the consultation form
Appendix A.

When an oral healthcare provider considers giving a dental patient antibiotic
prophylaxis (AP) to prevent infective endocarditis (IE), he or she should provide the
cardiologist with a list of heart conditions for which AP is reasonable. This should
take the form of a checklist which should be clear, concise and efficient. The list of
conditions is based on the American Heart Association’s 2007 evidence-based prac-
tice guidelines on IE prevention (Wilson et al. 2007) and is a well recognized as
common ground for communication. See the consultation form Appendix B.

When a consultation is to be sent to a cancer patient’s oncologist, it can be
designed as follows (Fig. 2.15):

On the other hand, when an oncologist refers a cancer patient to an oral health-
care provider to prepare the oral cavity for radiation therapy or chemotherapy, the
same strategy can be used to design the referral as follows (Fig. 2.16):

When a hemophilia patient or patients with other bleeding disorders need dental
care, the hematologist can refer patient to an oral healthcare provider by offering
preparation of patient to coordinate the dental care, or the oral healthcare provider
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Request: from Dental Provider: Date:

Mr./Ms. reports a history of cancer. Comprehensive
oral examination reveals that he/she has a dental diagnosis of and
needs treatment. Please provide the following information to
facilitate the dental treatment of Mr./Ms.

Response: from Medical Provider: Date:

Current cancer status of Mr./Ms.

Was Mr./Ms. given IV bisphosphonates? YES NO

Is Mr./Ms. currently taking IV bisphosphonate? YES NO

Is IV bisphosphonate therapy planned for the future? YES NO

Fig. 2.16 Oral health referral form for cancer patient needing chemotherapy or radiation therapy

can request the hematologist to prepare the patient for the dental care. This is an
example of mutual respect of each other’s expertise and collaboration to improve
the efficiency of patient care.

When there are no clear clinical practice guidelines to follow, and there is a con-
flict in opinion regarding treatment, a clear statement should be made either in the
request or in the response. For example, currently there are controversies regarding
antibiotic prophylaxis (AP) for dental treatment of patients with artificial joints. The
purpose of the consultation in this case is to inform the orthopedic surgeon that
since there is no clear evidence indicating a benefit from this practice the oral health-
care provider would leave the decision regarding AP to the orthopedic surgeon. If
the surgeon believes that it would be beneficial to the patient then he or she should
prescribe the antibiotics of choice and take the responsibility for administering the
medication. See the Appendix A for an example consultation.

2.5.1 Transmission Methods

How to transmit and receive standardized/structured consultation or referral in a
timely fashion is another challenge. In designing an efficient way to meet this chal-
lenge, one must examine the pitfalls of the traditional consultation and referral
transmission mechanism.

2.5.2 Illegibility

Traditional consultation letters are written on blank forms, with the dentist’s or physi-
cian’s often illegible writing. See Appendix D. This can be a major barrier to com-
munication among healthcare workers. See Appendix E for abarely legible consultation
request. This problem would be prevented by key-in electronic communications.
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2.5.3 Demands on Time and Manpower

The traditional paper-based handwritten consultation is a time consuming and labor
intense process. The patient usually carries it to the physician and brings it back to
the oral healthcare provider. Sometimes it is mailed to the patient or the physician
and returned by mail. It is paper forms are often lost during the process. In recent
years, many hospitals and clinics have adapted electronic health record systems
(EHR). Consultation requests are transmitted to the consultants through facsimile
then scanned and stored in the EHR, and the returned responses are received and
stored in the same manner. This has shortened the transmission time and improved
record keeping, but it demands extra manpower to track the facsimile and do the
scanning. A recent study has shown that nurse care managers or non-physician staff
members contribute positively in the process of communication (O’Malley et al.
2011). However, there are times when the consultation requests can only be answered
by physicians, such as when comments on laboratory results or treatment decisions
are required. In such cases, the nurses care manager or non-physician staff must track
down the physician for the response, which is not always easy to accomplish in a
timely manner.

2.5.4 [Implementation Through Health Information
Technology (HIT)

Today, electronic health records (EHRs) are common in medical and dental
practice. Although not all systems are compatible with each other by default or by
choice to protect patient’s confidentiality, each system has the capacity to elec-
tronically generate, transmit and store the standardized/structured consultation/
referral.

Some major healthcare corporations have already yielded positive results in elec-
tronic consultation/referral because their systems are used by large numbers of par-
ticipants of primary care providers and specialists (Chen et al. 2011; Stoves et al.
2010). This may not be feasible for small, individual practices. One easy solution:
an electronically generated consultation request can be sent through email to a con-
sultant, who can directly answer and return the request form electronically. The
consultation can then be stored in the patient’s electronic health record. This direct
communication between the primary care health care provider and specialist elimi-
nates the need to involve additional personnel who can delay a response and leads
to the possible breach of confidentiality.

In conclusion, although the time has not yet arrived for all healthcare providers
to have universal access to their patients’ medical and dental electronic records, HIT
can definitely improve the efficiency of the consultation/referral process and conse-
quently the patient care.
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2.6 Matching Patients to Achieve Unique Patient Identification
Monica Chaudhari

The medical and dental insurances and care systems that have evolved separately
with little integration are now exploring a joint outcomes assessment approach to
confirm and quantify the link between systemic and oral by measuring the two-way
impact on clinical, economic, and humanistic outcomes, such as patient health-
related quality of life.

One such joint outcomes research was conducted using the linked data from both
Washington Dental Service (WDS) and Group Health Cooperative (GH). WDS is a
founding member of the Delta Dental Plans Association delivering dental care to more
than two million people through employer-sponsored programs. GH is a nonprofit
health care system that coordinates care and coverage to more than half a million resi-
dents of Washington state and Idaho. Secondary enrollment data from WDS and GH,
clinical (laboratory, pharmacy and diagnosis) data from GH and claims data from WDS
were used on enrollees continuously and dually insured between 2002 and 2006.

The inception of this research project pivoted on a strategy devised to identify the
same subjects between WDS and GH, i.e. to uniquely identify individuals. This strategy
has been discussed at length by Theis et al. (2010). The ability to successfully match
individuals’ records in non-related databases entailed identifying a number of overlap-
ping variables with personal information, their information richness and the accuracy
with which they are recorded in individual databases. Generally, the challenge in uniquely
matching a patient across different databases is that across healthcare entities, data stan-
dards may differ, personal identifiers may be coded differently and data update and
retention rules may be applied differently. Incorrectly specified information from key-
ing-in-errors may add to these challenges resulting in higher non-match rates with larger
datasets. On the other hand, too few overlapping variables may increase the likelihood
of duplicate matches resulting in misclassification bias. (Blakely and Salmond 2002).

To optimize matching, two approaches, deterministic and probabilistic, are usu-
ally used for record linkage based on the reliability of the overlapping identifiers.
While deterministic linkage requires exact match on one or more identifiers used
iteratively to link and verify the linkage, probabilistic matching uses information
from many variables and allows for disagreement by assigning weights to all pos-
sible record pairs. When reliable identifiers are available, deterministic approaches
are usually preferred because they achieve acceptable results, are less cumbersome
and require less development time than probabilistic matching. (Liu 1999; Gill et al.
1993; Roos and Wajda 1991) Because of the enormity of data with half a million
subscribers to be matched, we conducted an initial test to assess the performance of
deterministic linkage approach in a sub-sample.

We first explored the linkage utility of personal identifiers within respective
databases by examining them for missing or invalid values and their consistency
over time. The GH database was inspected for the time period 2004-2005. The
variables in GH database with the greatest number of unique values, and thus
potentially the most discriminating, were social security number (SSN), telephone
number, last name, first name, and date of birth. However, significant year-to-year
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variability in telephone number, city and zip code made these variables less suitable
for deterministic linkage.

The SSN, while collected, was not used as the principal personal identifier in
either of the databases and was found missing for nearly 100% of dependents of the
WDS subscribers. Unlike GH that retained a unique patient identifier for each indi-
vidual across all enrollment-disenrollment cycles, a new unique identifier was
assigned at WDS when an enrollee changed employer groups. This caused duplica-
tion of records with multiple identifiers for the same individual, also termed as
‘weak warm body mapping’. This term is coined due to the implications it bears on
tying (mapping) the histories of an individual (a warm body) that are captured by
the system under different identifiers over different periods.

Figure 2.17 illustrates the differences between the GH and WDS approaches to
coded patient identifiers within their respective systems.

e The figure is intended to reflect broadly the difference between the two systems
and is not representative of the true processes (Fig. 2.17).

To avoid problems emanating from weak warm body mapping and the frequent
absence of dependents’ SSN, we inspected WDS records for subscribers and depen-
dents separately for the entire study period 2002-2006. The issue of weak warm
body mapping was resolved by ensuring existence of a unique identifier within
WDS database for both dependants and subscribers on a combination of personal
identifiers like subscribers’ member-id (most of the times, it was subscribers’ SSN
also shared by their dependents), last name, first name and birth date.

All subscribers had unique SSN but there were few who had more than one SSN
on the unique combination of last name, first name and birth date if it was not miss-
ing or on the combination of last name and first name if birth date was missing. Such
subscribers were not included in the study. We also made sure that all the subscrib-
ers included in the study had a single unique identifier in the database on the above
combination. The dependents of only the selected subscribers who had single unique
identifier in the database for the combination of their first name, last name and sub-
scriber’s member-id were included in the study. This ensured reliable traceability of
their dental history and benefits within WDS database. See Fig. 2.18 for the deci-
sion flow used to manage the weak warm body mapping.

To test our confidence in the four linkage variables, SSN, last name, first name and
birth date, we then performed four deterministic linkages with four employer groups
dually insured by GH and WDS, restricting to adults born between January 1, 1932,
and December 31, 1961 and enrolled in 2004 or 2006. To improve matching preci-
sion, the Group Health and WDS datasets were then standardized by removing dupli-
cates and names were cleaned (e.g. removing prefixes, suffices, punctuation).
Subsequently, as shown in Table 2.11, the linkage showed 96% or higher exact
matches of the minimum of the total unique identifiers from WDS and GH respec-
tively with matches on just SSN, SSN + last name, SSN + birth date, last name + first
name + birth date. This also suggested that insurance data are homogeneous; employer
groups send identical administrative data to both dental and health care insurers.

Content with the high degree of matching on combinations of the four linkage
variables, we finally developed the entire linked dataset for our research study,



M.H. Torres-Urquidy et al.

102

sSam

00002-AID
Ql-LN3ILvd

sxoynuapt judned papoo 0 seyoeordde Sqa pue HO LI°T *S1d

000kIdN
Ql-LN3ILvd

HO

MaN

\v4
\v4 00001-AID
al-LN3ILvd
PaN
HLIV3H Buiyoreny
Sam L dnoyo uosiod
4 1-dnoun ybnoay L 2-dnoup ybnoay L S$S3004d < SS3004d $S3004d
AELNIGRER AINIWTIOENT ININTIOHUNI-3H AINIWTIOHNISIa ANIWTIOHNT AINIWNTIOENI-3H

Sam
-jusiied




2 HIT Considerations: Informatics and Technology Needs and Considerations 103

Individual /
Warm Body

Subscriber

Member-Id,
First-Name,
Last-Name,

Birth-Date

Unique System I1d?

included in the Study

Not included in the Study

Fig. 2.18 Weak warm body decision flow

Table 2.11 Test match-
merges of WDS data to four
GH plans with known WDS
dental coverage

Dependent

Member-Id,
First-Name,
Last-Name,

Birth-Date

Unique System I1d?

included in the Study

Data elements examined

Number of unique
matches (% agreement
with WDS)

Social security number®

Social security number + last name*
Social security number + birth date®
Last name + first name + birth date®

97.7
96.9
973
96.0

“Duplicates on each of the four combinations were deleted from

both datasets
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Table 2.12 Linkage results % of individuals
of WDS data to GH data linked in agreement
among persons aged 40-74 Exact merge with GH

with 5-year continuous

enrollment SSN 41

SSN + last name + first name + birth date 36
n — 1 deterministic merge

SSN + last name + first name 37
Last name + first name + birth date 51
SSN + first name + birth date 37
SSN + last name + birth date 38
Total of the n — 1 deterministic merge 55

“Duplicate social security numbers, last names, first names or
birth dates were deleted from each merge group in both datasets.

including all individuals from WDS and GH who met the study criteria. Only a sub-
set of the population would be successfully linked. An n— 1 deterministic linkage
strategy was then performed on four sets of merges with three of the four merge
variables: (1) SSN, last name, first name; (2) last name, first name, birth date; (3)
SSN, first name, birth date; and (4) SSN, last name, birth date. We grouped the four
n— 1 deterministic merges into one dataset and removed all duplicates using Group
Health’s unique identifier to obtain our final linked population (n=78,230). Using
this approach, we showed (Table 2.12) that a relatively simple deterministic approach,
within a narrow time frame and with demographic variables commonly collected by
dental and medical insurance carriers, results in high-quality record linkage.

In order to protect confidentiality, all personal identifiers were stored on a computer
file that only the GH analyst could access. WDS sent SSNs separately from names
and birth dates through a Web-based application (Secure File Transfer). Once the
linkage was complete, personal identifiers (excluding the unique system identifier
which is usually a cryptic number for each enrollee) were destroyed and replaced
by study identifiers. To protect confidentiality and privacy, the study identifiers
were used to combine medical and dental information on the same individuals.

Now that we had a validated method to identify uniquely the same individual
across the GH and WDS databases, we were able to examine the actual joint out-
comes research question, i.e. what is the nature and degree of association between
periodontal disease and diabetes.

2.7 Improved Electronic Healthcare Technologies (EHT)
Through the Harmonization of Application Design
and Clinician Needs

Mureen Allen

2.7.1 Introduction

There is general excitement as the healthcare industry lumbers slowly but surely to
full electronic integration of healthcare systems. In 2004, President Bush decreed
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that every American should have an electronic health record by 2014, since then the
clock has been ticking. Many public-private collaborations since 2004 have been
formed to accelerate the adoption and use of electronic health records. Until the
funded mandate of the American Recovery and Reinvestment Act (ARRA) to adopt
and use electronic health records the momentum of adoption by healthcare providers
has been relatively slow.

The electronic health record (EHR) is only one component of what is essential
for electronic integration. There are many other components essential for a fully
integrated healthcare system including, but not limited to, laboratory information
systems (LISs), medication management systems, registry systems, patient health
records (PHRs), and biometric devices, etc., which collectively represent electronic
health technologies (EHTS). It is imperative that attention be paid to these technolo-
gies to increase their acceptance and use by healthcare providers.

For many years the adoption of electronic health technologies, especially EHRs,
has been woefully lacking. There are a number of factors that will drive the adop-
tion and successful use of these technologies including, (1) whether they seam-
lessly integrate with the clinical workflow to support context-specific delivery of
care, (2) their relative ease of use and (3) the completeness of the data. If EHTs
support all three of these criteria then resistance to their adoption will decline
precipitously.

2.7.2 Context-Specific Delivery of Information to Improve Care

At this point, you might be wondering why should the developers of EHTs pay
attention to the clinical workflow or much less try to integrate seamlessly into the
workflow. The answer is unmet information needs. There are a number of studies
(Covdell et al. 1985) indicating that during healthcare encounters, providers often
have information needs that go unmet. These needs exist even when healthcare
providers interact with EHTs.(Allen et al. 2003) Healthcare providers typically
rely on the information at hand (memory, reference textbooks, journals, and col-
leagues) to help make decisions about a specific aspect of a patient’s care. The
difficulty with relying on these is that memory can be faulty or limited, reference
textbooks often do not contain the latest treatment protocols, journals are too
numerous and too detailed, and colleagues are often unreliable. Clearly, a better
method is needed. This is where EHTSs can play an important role. EHTs are capa-
ble of providing the knowledge to support the provider in the decision-making
process. EHTs should seamlessly supplement the information requirements of the
health care provider in a timely, context-specific manner. In addition, EHTs should
be capable of reusing data entered in the health record to drive context-specific
care. To facilitate this capability EHTs need to take into account the clinical work-
flow, the ability to capture structured and codified data from all aspects of docu-
mentation and the ability to collate and reuse data once they are stored in the
electronic record.

Information captured through structured, codified data facilitates the ability to
deliver context-specific information at the point of care, including links to guidelines
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or protocols, clinical decision support, performance measurement, the measurement
of individual patient and population management.

The factors essential for context-specific information retrieval are discussed
below and an example of each is provided. For each of the examples the context is
indicated by bold text and the resultant information and action based on the context
is indicated by underline text:

(a) Who requires the information? EHTs should understand that information
needs of users might vary. Within the clinical context the EHT should anticipate
the needs of a medical student, resident, or specialist.

Example 1

Dr. Jones, an oncologist, is reviewing Mrs. Black’s electronic medical record.
Mrs. Black, a 40 year old female with leukemia, has failed standard treat-
ment. As he prepares to update the treatment section of her record, he sees an
alert entitled treatment options. As he opens the alert, he sees a list of treat-

ment studies, a list of published references about failed leukemia treatment

and finally a number of experimental treatment protocols that are available for
Mrs. Black, including a clinical trial for patients who have already received

and failed standard therapy.

Dr. Jones reviews the various recommended treatment options and deter-
mines the best options for Mrs. Black. On Mrs. Black’s arrival Dr. Jones,
review the treatment options with her.

In this example, the doctor has access to a clinical decision support tool
that tracts treatment protocols.

(b) What does the user want? Context-specific information needs will vary from
one user to the next. A medical student might need information to help him learn
a topic whereas a specialist might need cutting edge information to help manage
a difficult patient. A nurse’s needs might be different from that of a physician.

Example 2
Mr. Smith is a 50 year old diabetic, who was just admitted to the hospital
for treatment of a leg ulcer. Nurse White starts to review Mr. Smith’s record,
including the treatment sections, where she sees the clinical protocol for dia-
betic leg ulcers. There are a number of standing orders relevant to Mr. Smith
care including wound cultures. blood tests etc.

In this example, the nurse has access to an electronic clinical protocol,
which will guide how she cares for the patient.
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(c) Who does the user need information about? Health needs about individuals
vary. The context-specific information needs about a 50 year old woman is dif-
ferent from that of a 20 year old woman. Specifically, context-specific needs will
vary based on the socio-economic status, ethnicity, age, or gender of the patient.

Example 3
Dr. Jackson, a dentist, is meeting with a new patient Mr. Brown who has
diabetes, and hypertension, both of which are apparently well-controlled.
As Dr. Jackson reviews Mr. Brown’s electronic record, she notices the clinical
data available from his previous providers. She notices, based on his record, that
Mr. Brown is overdue for a routine dental prophylaxis. In addition, Dr. Jackson
notices that recently Mr. Brown’s blood glucose readings on his home monitor
are higher than usual. Dr. Jackson suspects, based on Mr. Brown’s signs and
symptoms that he has gingivitis, which she confirms on examination.

In this example, the user has all the relevant information to make critical
decisions relevant to the patient’s condition.

(d) Where is the user when he has the information needed? The needs of the
user in emergency room will differ from the user in the ambulatory center.

Example 4
Mrs. Anderson is in the emergency room complaining of shortness of breath
and mild indigestion. She is 45, and slightly overweight. The emergency
room physician taking care of her, pulls up her ambulatory healthcare record,
he notes that apart from mild heartburn and smoking Mrs. Anderson has no
other history. The ER physician enters his clinical findings into Mrs. Anderson’s
record and as he begins to enter her diagnosis, he reviews a list of potential
diagnoses. As he reviews this list, he notices that one of the potential diagnoses
is aheart attack. He quickly orders a blood test that confirms that Mrs. Anderson
is having a heart problem and she is admitted. Afterwards, he reviews the rec-
ommendation and learns that women usually present with atypical symptoms
when compared to men.

In this example, the system takes into context the user and the location and
determines the appropriate potential diagnoses.

To date, current systems are not capable of using context-specific information to
drive workflow. However, developers and researchers are beginning to add intelligent
electronic health technology incrementally.
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2.7.3 Usability

The usability of an interface is of critical importance for the accurate use of any
application. Healthcare technologies have their own specific set of usability issues.
A good user interface (UI) enhances the users’ experience. It is well known that user
satisfaction with an application is often driven by the friendliness and intuitiveness
of the UI. Measurable benefits that stem from a good UI include workflow effi-
ciency and data accuracy. Logically, the effects of a bad UI are the opposite of the
good UlI, namely, user dissatisfaction, workflow inefficiency and data inaccuracies.
Users typically will not interact with applications with non-intuitive interfaces.

A bad Ul may even be dangerous. Poor usability has the potential to introduce a
set of errors that affect the patient’s health. Issues include selecting incorrect medi-
cations from a pick list, ordering the incorrect dose of a medication, etc. (Horsky
et al. 2005; Koppel et al. 2005). Because of the possibility of a disastrous error
caused by the Ul, there is a need to study formally the user interface of EHTs to
determine how they affect the clinical workflow and more importantly how they
influence care. Ultimately, there is a need to develop standardized user interfaces
that have been proven to mitigate the risk for errors attributable to the UI (Armijo
et al. 2009).

Example 5
Dr. Bailey is a busy dentist. He pulls up his patient’s electronic medical record,
and notices that that his patient, James, is a 5 year old male, weighing 50 lbs.
who is complaining of a toothache. After his examination Dr. Bailey concludes
that James has an early dental infection and using his electronic prescribing
system decides to prescribe Augmentin. As he enters the order, Dr. Bailey
scrolls through the drop-down menu of all antibiotics including many variants
of Augmentin. There is no context associated with the list of Augmentin so Dr.
Bailey selects the first antibiotic on the list and sends the prescription electroni-
cally to the pharmacy. At the pharmacy, when James’ mother goes to pick up
the prescription the pharmacist is concerned. The pharmacist confirms that the
prescription is for a child and calls the doctor’s office. It seems that in his haste,
Dr. Bailey selected the incorrect medication strength.

In this example, the design of the user interface results in an error on the
part of the user.

With EHTs, it is now possible to present a large volume of information all at the
same time. This places an additional cognitive burden on the user to determine what
is relevant or worse to ignore information that is irrelevant and potentially harmful.
If EHTs are to be successful, they need to present information to the user in such a
manner to minimize the cognitive burden on the user.
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Example 6
Dr. Hendricks examines Mrs. Boxer and diagnoses a dental abscess.
Dr. Hendricks determines that he best course of action is to incision and drain
the abscess. Prior to the procedure, he reviews Mrs. Boxer’s electronic record
and notes her list of active medical conditions and her history of mitral valve
prolapse. He reviews the list of past medical conditions and determines that
he can proceed with the procedure. Just prior to the incision and drainage, the
patient, seeing the scalpel in Dr. Hendricks’ hand tells the doctor that she
developed a heart infection after a previous surgery. Dr. Hendricks stops and
reviews every part of Mrs. Boxer’s electronic record. After some time, Dr.
Hendricks finds the relevant information in the medical summaries. The med-
ical summary in question was in a folder buried in the electronic record with
20 other summaries and the contents were not indexed for search.

In this example, the user is forced to review the entire document in the
medical record to find the relevant information. There is not a simple method
available to facilitate retrieval of all the relevant information.

The design of an EHT can contribute to user error. All information stored in an
EHT should be indexed, catalogued and searchable. EHTs that require the user to
search consistently and proactively all components of the EHT to find all relevant
information will lead to potentially life-threatening errors. Obscure data buried
within an EHT can lead to the user not having all the relevant information readily
available. However, giving the user a simple method of searching all the content in
the EHT ensures that he finds the relevant information.

Ultimately, usability is a critical component of EHTs. It is not sufficient, for
healthcare providers to have technologies in their offices for documentation, it is
imperative that these technologies take into consideration how healthcare providers
process information, how they look for information. In addition, these technologies
should have failsafe mechanisms to prevent errors of omission and commission.

To encourage the development of safe EHTs there needs to be a better under-
standing of the technologies, how these can lead to user errors and how such errors
can be mitigated. There is a need for studies to identify the best practices with
respect to the development of the user interface of EHTs. The results of these stud-
ies should be codified as recommendations and guidelines that all EHT are required
to adhere to minimize the likelihood of errors.

2.7.4 The Totality of the Data

The success or failure of EHTs will depend on the totality of the data available to
the healthcare provider. Clinical decisions are driven by the availability of data at
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the point of care. Data are generated each time a patient interacts with the healthcare
system and even today, as we transition to EHTs, the data are still siloed and often
not accessible across the healthcare system. For the healthcare system to be effec-
tive, data available electronically in one system should be available to other sys-
tems. The test result for a patient should be available to all of the treating healthcare
providers (with the appropriate authority and consent) and not just the ordering
physician. Essentially all available data should be accessible to the healthcare pro-
vider at the time of decision-making.

The aggregation of a patient’s data from multiple disparate sources is crucial.
Whether forming a centralized database or using a record locator system to find the
patient records on distributed systems, it is critical that at the time the healthcare
provider needs to make a decision about a patient, he can view all the data available
for that patient.

Example 7
Mr. Brown pays a visit to Dr. Smith for the first time. He has a Personal
Health Record which supports codified data. Before he arrived at the office,
Mr. Brown was able to download a copy of his records and send a structured
copy to the doctor’s office so that the data can be imported into the Dr. Smith’s
medical record. In the office, Dr. Smith reviews and accepts the data from Mr.
Brown’s PHR. Based on this new information Dr. Smith receives an alert that
shows deficits in Mr. Brown’s care including persistent hypertension and
elevated blood glucose. In addition, Dr. Brown sees a list of best practices for
Mr. Smith many with which have been complied. For those measures and
alerts that have not been complied with Dr. Smith has the ability to order the
necessary tests and/or medications.

In this example, the completeness of the data from the PHR enabled Dr.
Smith to provide very personalized care.

Example 8
Mrs. Jones is in the dentist’s office for a toothache. As Dr. Roberts asks her
about her medical history, Mrs. Jones knows that she has a low blood count
but she cannot remember how low. Fortunately, Dr. Roberts has an electronic
dental record, which is connected to a health information network that receives
data from other healthcare providers, laboratories and pharmacies. As he does
a quick check of her laboratory records, he realizes that she has a very low
platelet count that could potentially lead to life-threatening bleeding if he
attempts an invasive procedure in the office.

In this example, the critical piece of data was available only because the
dentist had access to the medical lab tests from another provider.
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2.8 Electronic Decision Support in Medicine and Dentistry

Miguel Humberto Torres-Urquidy

2.8.1 Medicine and Dentistry: Differences in Electronic
Decision Support

One of the constant themes throughout this book is the idea that systemic health and
oral health are connected and that despite the historical separation of the medicine
and dentistry, both professions can benefit from increased use of health IT and
informatics. In some cases, the designs and developments that influence medicine
are equally applicable to dentistry, like enterprise master patient index. Unfortunately,
electronic Clinical Decision Support (CDS) has developed differently for medicine
and dentistry. In this chapter, we examine how this occurred, review some of the
differences, speculate on why CDS is less robust in dentistry and explore ways to
improve CDS in dentistry.

2.8.1.1 Historical Drivers of CDS Divergence

In the early days of health IT, computer technology was limited only to large medi-
cal institutions that could afford computer technology. The cost of the hardware,
software, maintenance and support were distributed across a large number of pro-
viders, administrators, etc. In contrast, dentists usually worked in small solo or
group practice and in isolation from other dentists. The same cost for health IT was
born by a much smaller number of people. Thus, it is not surprising the dentists
were unable incorporate computer technology early. The one dental institution that
could afford Health IT was a Dental School. However, these entities saw little or no
benefit in acquiring computer technology, nor did they have the manpower to
develop such systems.

2.8.1.2 Clinical Drivers of CDS Divergence

CDS systems in medicine, especially in hospitals, thrive on the integration with the

electronic patient record. The CDS process takes into consideration all the patient data

already in the system and produces warning, alerts and other automatic analysis.
Some of the early seminal works on medical CDS include:

e Musen et al. (Shortliffe et al. 2001) described several classic examples CDS systems
in medicine. Musen mentioned that although early prototypes were developed in the
sixties, full fledged applications did not start appearing until a decade later.

e The Leeds Abdominal Pain System developed by F.T. deDombal, using Bayes
theorem, was developed to help in the identification of acute abdominal pain
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including appendicitis, diverticulitis, a perforated ulcer, etc. The Leeds system
(Shortliffe et al. 2001), used sensitivity, specificity and disease prevalence data of
signs and symptoms to calculate the probability of the possible explanations.

In 1976, Shortliffe and colleagues developed MYCIN which focused on the
management of patients with infection through the prescription of antibiotics.
MYCIN used as knowledge a set of production rules commonly used in the field
of Artificial Intelligence.

Years later in 1985, a system devoted to the identification of possible diagnoses
was developed by Randy Miller and colleagues at the University of Pittsburgh.
They developed the Quick Medical Reference (QMR) (Bankowitz et al. 1989).
QMR represented medical knowledge by using “disease profiles,” which in turn
were a synthesis of information collected “from review of the published litera-
ture and expert opinion. Disease profiles consisted of a list of all history, physi-
cal, and laboratory data reported to occur in the given disease.” As well, each
finding would have a sensitivity level and a positive predictive value.

Although these and other systems were not fully adopted, they provided the

foundation under which current expert systems work in hospitals.

In dentistry, White (1996) and more recently Mendonga (2004) conducted a

review of the state of CDS in dentistry which, like medical CDS, has been available
for several years (Walker 1967). These systems can be found in subspecialties such
as dental emergencies, orofacial pain, oral medicine, oral radiology, orthodontics,
pulpal diagnosis and removable prosthodontics. Examples include:

The Diagnostic Aid Resource Tool (DART) for oral medicine. This software
contains a diagnostic module which through a “statistical data-base manager”
retrieves diseases matching the possible patient diagnoses.

ORAD (White 1989) provides decision support in the interpretation of radio-
graphic lesions. ORAD requests information through 16 questions which then
are analyzed using Bayesian methods. ORAD is capable of diagnosing up to 140
possible diseases and is currently available on the Internet.

Invisalign provides decision support with orthodontic cephalometric analyses
and treatment planning procedures (Melkos 2005). Currently it is possibly the
most commonly used decision support system in dentistry.

OralCDx (Sciubba 1999) assists in the identification of precancerous lesions
using oral brush biopsies. OralCDx utilizes a neural network-based image pro-
cessing system to detect oral epithelium cancerous or precancerous cells.

Both Invisalign and OralCDx, provide decision support over the distance and
operate more like a lab test than the traditional decision support.

In medicine, the driving force behind CDS has been the challenge of dealing

with uncertainty when diagnosing disease and delivering treatment. The diagnostic
space in medicine requires physicians to consider a large number of possibilities.
Further, in medicine, diagnosis is a very important and distinct process. A diagnos-
tic session includes the selection of diagnostic procedures followed by an
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interpretation of the results. Thus, the medical profession has invested more
resources in creating tools that would assist in reducing uncertainty.

In dentistry decision making is intrinsically linked to the definition of a diagnosis-
treatment complex. Uncertainty is not as strong a component of the diagnostic reasoning
as in medicine. For example, the diagnosis of common dental problems (caries, missing
teeth, periodontal problems) is a simple determination of present or not. Most of the
diagnostic information usually is obtained at initial examination through direct observa-
tion or using immediate, at hand methodologies. Emphasis on treatment instead of diag-
nosis is enforced by the fact that dentists are not reimbursed for diagnoses. They are paid
for treatment. Further, in order to obtain third party payments, a diagnosis is not a neces-
sary element of the paperwork, only the treatment. Hence dentists are trained to focus
more on treatment planning than on diagnosis in Dental School.

2.8.2 Why Electronic Decision Support Is Less Common
in Dentistry than in Medicine?

There are several reasons why this seems to be the case. In this section, we focus in
three possible explanations of why CDS is less common in dentistry.

2.8.2.1 Our Level of Understanding of the Way We Diagnose Patients

Since the 1950s, there have been several efforts in medicine to define and formalize
the underlying cognitive processes occurring when humans search and identify
diagnosis. Ledley and Lusted (1959) dissected how physicians use “complex rea-
soning” and provided systematization to the intangible processes that occur in the
physicians’ mind. Ledley et al. introduced the mathematical concepts of symbolic
logic; probability and value theory which have helped us operationalize diagnostic
reasoning. Subsequent efforts in medicine built on this key paper and created a large
array of decision support tools from as early as the sixties (Warner et al. 1964).
Thus, the amount of effort invested by the medical profession in understanding
these processes is far larger than in dentistry. There are Divisions in medical schools,
professional associations and dedicated journals in the area medical decision-
making that contrast with the lack of the same in dentistry.

In dentistry, several efforts have been made to understand the way dentists reach
diagnoses especially for caries (Crespo et al. 2004; Bader and Shugars 1997).
However, our understanding is limited since diagnostic information is not routinely
recorded in dental records (Bader and Shugars 1997b). Both groups identified that
dentists use cognitive structures called “illness scripts” and that “these scripts
develop from continuous exposure to patients.” Bader points out; dentists follow a
pattern recognition process that is inextricably linked to treatment decisions instead
of a pure diagnostic approach.
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2.8.2.2 Application Areas

Physicians have to deal with significant uncertainty and sometimes pursue treat-
ment without a clear diagnosis (Sox 1988). Physicians define a preliminary diagno-
sis and initiate treatment expecting a specific response in order to define subsequent
actions, while taking into consideration incoming additional diagnostic informa-
tion. Physicians also have to decide between a large array of diagnostic tests that
vary in terms between not only a large array of diagnostic tests that vary in terms not
only of availability and cost but also risk and between specificity. Thus, medicine
can greatly benefit from the use of decision support tools that ameliorate uncertainty
at the diagnostic level.

On the other hand, Abbey observes, “the dentist is often more challenged by
deriving the treatment plan than by deciphering the diagnosis” (Weed 1991). Abbey
continues by saying that in medicine the varieties in clinical presentation of systemic
diseases with “superimposed signs and symptoms” require physicians to select a
different array of diagnostic aids that subsequently help in reaching a diagnosis.
In dentistry, the possible signs and symptoms are confined to the head and neck
region. Additionally, dentists routinely use a limited number of diagnostic aids com-
pared to medicine (although new dental diagnostic aids have appeared in recent
years). “Dental radiography is mostly morphological rather than quantitative,”
Abbey continues. Also, dentists rely heavily on personal capabilities including his/
her senses and information obtained directly from patients. Use of laboratory data
is limited.

2.8.2.3 The Way Knowledge Is Represented and the Inference Mechanisms

According to both White and Mendonga, several knowledge representation
mechanisms include algorithmic systems that use “logical classification meth-
ods.” One advantage of these systems is that they do not require large datasets
however, they lack flexibility and if a change needs to be made, these systems
would struggle to meet this requirement. Usually well understood diagnostic
processes would fit this category well; in the case of dentistry, we have examples
of decision support systems that use this principle in oral pathology (Rubin
1994). In the case of statistical systems, ORAD is a classical example where
using a Bayesian method it analyzes the responses from 16 questions and pro-
vides a diagnosis from 140 possible lesions. In the area of rule based systems in
dentistry, we found a system called RHINOS which provides differential diagno-
ses for headache and facial pain. Finally, there is a dental system that uses neural
networks for prediction of location and relationship between past and present
dental conditions (Okuda et al. 1997).

As we have shown, the application of different inference mechanisms is common
in dentistry. However, most of these systems usually appear as prototypes in aca-
demic units and are not present in dental offices. The inability to migrate CDS to the
dental office is for one or more of the following reasons:
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e Traditional dental practice, in a day to day basis, does not require CDS (the clini-
cian is good enough to make satisfactory decisions);

e There are no external factors that would increase the need for better decision
making, for example evaluation of treatment quality or the necessity of always
present treatment alternatives;

e The status quo of computer technology prevents the implementation of CDS and

e A combination of some or all of these.

2.8.3 What Needs to Be Done in Order to Increase the Adoption
of Electronic Decision Support in Dentistry?

Current dental software lacks the proper human interface that could facilitate an easy
integration in regular dental practice. This problem needs to be solved before any
subsequent steps can be taken into incorporating other functionality such as CDS into
dental practice. As mentioned before, current successful decision support systems do
are not integrated with in office software. Preliminary studies point toward that direc-
tion (Thyvalikakath, personal communication). Other areas need further study:

2.8.3.1 Health and the Use of Diagnostic Information

The profession needs to step toward an “Oral physician” model, moving away from
being “denturists” (a focus on diagnosis and science rather than dental procedures) and
being more involved in the systemic aspects of the patient health. Population age is
project to increase and thus the longevity of our patients. As a direct consequence of an
aging population, chronic diseases are going to be more common, thus, dental practi-
tioners should be able to proactively deal with patients with complex medical histories.
For example, a dentist as an oral physician can increase their role as early detectors of
patient systemic problems and intervening in modifying health related habits.

2.8.3.2 Education
Dental education programs should incorporate the concept of using informatics tools to

facilitate the diagnosis and treatment planning. Currently, dental education does not
consider the use of information technology to facilitate these steps in clinical practice.

2.8.3.3 Justification

Developers should correctly identify the needs of dentists and justify the implementation
of CDS. We should avoid the approach of having a hammer looking for a nail as has been
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common amongst our medical counter parts. As described before there are intrinsic dif-
ferences between medicine and dentistry, thus developers need to identify where decision
support would maximize the effectiveness of the practicing dental professional. Proponents
of higher accountability, guidelines and evidence based practice would agree that deci-
sion support could foster these areas in dentistry; however, it is important to identify what
are the specific areas in which dentistry would really benefit from the tool.

2.8.3.4 Workflow

A key element in decision support is the ability of systems to provide the informa-
tion when is needed and that it does not interrupt other critical or more important
activities. It is necessary to understand the dental office as a healthcare delivery
system and not as a ‘“one-size fits all” customer when developing software
applications.

2.8.3.5 Professional Environment and Interactions with the Rest
of the Health Care Delivery System

The complexity of certain medical treatments will increase in the middle term
because of advancements in other areas, such as genetics. This will require dentists
to interact in new ways with fellow healthcare professionals thus creating a need to
join a multidisciplinary health delivery system. The dentist will have to coordinate
his/her actions at new levels of complexity. Additionally, evidence-based dentistry,
quality, pay per performance and other elements that are common in the other areas
of health care will start influencing the way we interact with patients, thus will be
necessary the implementation of decision support tools.

2.9 Early CDS Application for Dentistry — Medical History
for Dentist

Franklin M. Din

2.9.1 Background

Back in the early 2000s, this editor decided to produce a Clinical Decision Support
application that was relevant to Dentistry. This contribution will discuss the chal-
lenges faced during the development of the application and show the results of the
choices that were dictated by those challenges.



2 HIT Considerations: Informatics and Technology Needs and Considerations 117

The first determination I made during the design of the application was to define
what constitutes Clinical Decision Support (CDS). This is not a trivial question.
Most people tend to view CDS as something that is implemented in real time at the
immediate point of care in response to a clinical event. An example is an alert that
pops up to warn a provider about a drug-drug interaction immediately upon the
submission of a drug order, based on the patient’s current condition, current drug
regimen and the latest drug monographs. This view, while valid is also too limit-
ing. CDS at its foundation is an application that helps a provider make a decision
by analyzing all relevant factors. The idea of immediacy is not part of the defini-
tion. So, I approached my CDS application as an aide to help a dentist during the
diagnosis and treatment planning phases rather than an aid to help during the
immediacy of care.

Next, I had to decide on what domain to address. I determined that the biggest
gap in the integration of medical and dental data is the dentist’s understanding of
how systemic medical conditions affect, influence and direct dental care and oral
health. Hence, I decided that the greatest impact of CDS in dentistry is to help guide
dentist about the interrelationship of systemic and oral concerns and to deliver this
functionality at the medical history review/diagnostic/treatment planning phase of
the dental workflow. In the real world of dentistry, this happens at the time of the
initial oral visit

The next decision was to determine which IT platform, what programming lan-
guage, what database application to use. I chose to write the application in Visual
Basic 6.0. At the time, it was the only programming language I knew. The platform
I chose was a PC running on Microsoft Windows. Not only is this the dominant
platform in the world, but this was also my computer’s setup. I chose MS Access as
the database since I had the program as part of my MS Office package and I had
extensive experience creating and writing subroutines for MS Access applications.
So these decisions were not the result of a massive cost benefit analysis but rather a
chose imposed by what I had available and what I already knew.

As I began development of the CDS application for the PC, I started using a
PALM IIIc handheld which I really liked. The PALM platform was the first truly
usable handheld device. Much like a iPhone™ and Android™ phones the PALM IlIc
allowed the user to download and install apps that were developed by third party
developers and offered for purchase at app sites (Handango and Palm Gear were the
two biggest web based app stores at that time). I decided that if I could, I would like
to develop a version of this CDS application for the PALM. I thought that providing
a mobile CDS app was a good way to introduce CDS with a minimal investment.
With the PC version, the user was tied to a PC. The CDS was only usable if the den-
tist had a computer in the operatory. With the PALM, the CDS was available any-
where the dentist was.

Unfortunately, I was not skilled enough of a programmer to write directly to the
PALM platform. However, I was fortunate enough to discover a company called
AppForge which produced a software application the allowed a developer to write a
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Fig. 2.19 PALM IlIc image e S N e O
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program in Visual Basic 6.0 in the VB Development environment, and then compile
the code to run on PALM handhelds running on PALM OS 3.5. I purchased this
software and developed a PALM version.

So, I ended up writing two versions of the Medical History for Dentist CDS
application:

* A PC version using MS Access as the database
e A PALM III version to be used in any PALM handheld running the PALM
3.5-4.1 operating system. (Fig. 2.19)

Both the PC and PALM versions were designed to be standalone application
since I did not have time, resources or permission to attempt integration with exist-
ing electronic record systems. The use of MS Access enabled the option of adding
my application to an Electronic Dental Record (EDR) application in the future. The
API and database connectivity are well understood in MS Access. So my MHD
application could be added as a module in which the MHD is activated via event
triggers in the EDR.

The PALM version was developed to provide mobility. At the time clinical
records were still largely paper. This PALM version will allow the user to search for
information manually to inform his treatment plan.
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2.9.2 PALM Version

2.9.2.1 Hardware Considerations

The design of the PALM application was a significant challenge. The PALM Illc,
the primary hardware platform, (Fig. 2.19) has limited capabilities by today’s stan-
dards. The relevant specs on the PALM Illc are as follows:

Operating System — PALM OS 3.5

CPU Clock — 20 MHz

CPU - 32 bit Motorola DragonBall EZ MC68EZ328
CPU Core — Motorola 68000

Maximum data set for processing — 68 K

RAM (total device memory) — 8 Meg EDO RAM
ROM -2 Meg

Display Type — Color Reflective TFT, 8 bit/pixel
Display Resolution — 160 x 160 pixels

Pixel density — 68.4 pixel/in.

Display size — 2.34 x2.34 in.

For those experienced in programming, the specs clearly demonstrate significant

programming challenges. Each is described below:

2.9.2.2 Display

The 8 bit color depth limits the range of colors that can be displayed to 256 colors.
Therefore, very colorful applications with gradations and shadows are not possible.
Pixel density (dot pitch) of 68.4 pixel/in. results in curves that are not completely
smooth. In fact, many curved lines show distinct pixilation. Thus, images and
figures tend to be simple.

The 160 pixel wide screen, the dot pitch of 68.4, plus the built in default font size
limits the amount of information that can be written in a single line. For longer
text, especially text in tables, this means a lot of scrolling.

2.9.2.3 Memory

The total memory for the included base applications and all third party applica-
tions is 8 Meg. This includes any data required to run the application. This was
especially difficult for the MHD application since all the data regarding medical
and dental conditions is included in the 8 Megs.

The “chunks” of data and code to process and display the data is limited to 64 K
blocks. If more than 64 K is needed, the code must be restructure so that any
single module/subroutine/data load does not exceed 68 K.

The 8 Meg total and 64 K blocks mean that memory management is paramount
to the successful development of applications for the PALM III. Programming
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with these limitations is more like the early days of programming for the PC in
the early 1980s as opposed to programming modern applications.

29.24 CPU

* The CPU speed of 20 Mhz is very slow compared to modern CPUs. Programs
written for the PALM III needed to avoid intensive calculations. Workarounds,
like breaking a calculation into simpler components needed to be incorporated
into the programming code.

2.9.2.5 Foundation Software Considerations

The CDS application was programmed to run on PALM handhelds or PALM com-
patible hardware running PALM OS 3.5. However, rather than program directly for
PALM OS 3.5, I used a third party application, AppForge, that promised a write
once and compile too many mobile platform functionality. At the time, Symbian and
Microsoft Pocket PC were competing OS and hardware. The AppForge application
compiled the VB code to run through a translator program installed on the PALM
device, AppForge’s Booster 3.5 (Fig. 2.20), which executed the application.

2.9.2.6 The Application

Once the application and the AppForge Booster are installed, the MHD application
icon appears in the main screen. See Fig. 2.21.
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By tapping on the icon, the application opens to the main screen, Fig. 2.22 below.
The application is designed to have the user select the medical condition and then
display the relevant dental alert/precautions. It was designed this way to fit the typi-
cal data gathering workflow. All dentists are required to conduct a medical history
review of their patients. The dentist captures this information by listing a set of
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general medical conditions that are known to have relevance to dental care. In the
screenshot above, you can see the first seven conditions all relate to a specific cate-
gory of heart problem. The Fig. 2.23 below shows some additional medical condi-
tions that impact dental care.

In the paper world, a patient would indicate that he/she had one or more of these
conditions. The dentist would then ask follow-up questions to obtain more detail.
For instance, in above, a positive response to item 23 indicates that the patient
has a thyroid problem. Typically, the next question is to find out if the problem
is hyperthyroidism or hypothyroidism. In this application, the same process is
achieved by tapping the condition, “23. Thyroid problems.” This highlights the
selection and makes it active. The user then taps the “warn” button. This leads
to a new screen below (Fig. 2.24) which offers two choices, hyperthyroidism or
hypothyroidism. The user would tap one of the choices in order to highlight and
select the choice.

Based on the patient response, the user taps one of the choices. The “!M” code in
the last column indicate that there is more information to follow. When the user taps
one of the two choices, the screen automatically changes to produce more informa-
tion. See Fig. 2.25 below.

The information that is presented comes in two flavors.

¢ Basic information on the condition
e Specific warning/precaution
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In the screenshot above you will see an example of basic information in the first
item. In Fig. 2.26 below, you will see an example of a specific warning. The “V!”
code indicates that this is a very important warning.

The inclusion of basic information and an actual warning/precaution is purpose-
ful. CDS is supposed to leverage IT to improve a provider’s decision making. One
of the things IT does best is to store and to retrieve vast amounts of information.
Rather than assume that the dentist recalls all the significant details about medical
conditions, I chose to provide that information in this application. This insures that
the user will have the basic information of the medical condition. It also allows the
user to relate the medial condition to the warning ... to see the logic in the
warning.

In the case where a CDS indicates the need to provide a medication, the applica-
tion provides details on the medication. Looking at the main screen again, item 4 in
Fig. 2.27 deals with prosthetic heart valves.

The third bullet in the Fig. 2.28 below, “Prosthetic Heart Valve Warn” window,
see screen below, indicates both a warning/precaution (“V!”’) and more information
(“!M”). The warning indicates “... require prophylactic antibiotics.”

When we tap this item, the next screen, Fig. 2.29, below provides details on the
necessary prescription. You will note that item 2 specifies the protocol for children
along with the notation for more information.

When you tap item 2, you will see a template for the prescription, Fig. 2.30. Note
that the top line is a formula for calculating the correct dose for a child (highlighted
in yellow).
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You will also note that there is a button to show an alternative prescription. In this
alternate prescription, Fig. 2.31, you will see a button for an alternate prescription.
Tapping this button produces the original prescription in Fig. 2.30. You can switch
back and forth as needed using the “Alt Rx” button.
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Because the use of prophylactic antibiotics is important to dentists, I also created
an adjunct CDS application, AB Prophylaxis, focused on the when to use prophy-
lactic antibiotics. As with the full CDS application, this application includes both
the basic information and the actual warning/precaution. The main screen in
Fig. 2.32 below shows the basic regimens.
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The AB Prophylaxis application restructures the information in the MHD to
make it simpler to find information. For instance, Fig. 2.33 below provides a link to
identify “high risk patients.” In the full MHD application, this information is scat-
tered throughout the application.
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By selecting “13, High Risk Patient” and tapping the “Warn” button, the new
screen, Fig. 2.34, shows the conditions that qualify as high risk patient.

The use of the two applications is one of the workarounds dictated by the limita-
tion of the PALM Illc and similar platform. To include both sets of functions in a
single application using complex queries and virtual data objects would be very dif-
ficult to accomplish.
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2.9.3 PC Version

While there is a separate PC/MS Access database version of the MHD application, the
information delivered is the same as the PALM application. The differences are:

* The PC database version has prettier screens and the application can be incorpo-
rated into an EDR through the MS Access programming interface.

e The PC version allows the user to print the medical history and the associated
CDS warning/precautions and background information. This allows the user to
make this CDS process part of the official patient record.

2.9.4 Summary

This was an early attempt to create a usable CDS application for Dentistry. It
addresses the need to integrate medical and dental information in order to improve
patient care. Newer attempts at dental CDS can benefit from an understanding of
this early iteration.
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Chapter 3
Metrics and Measurements

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

3.1 Performance and Quality Measures

Valerie J. Harvey Powell

In this era of care accountability, patient-centered care, prevention-focused care
initiatives, performance measures are widely applied.

A typical performance measure consists of, in the format used by the National

Quality Measures Clearinghouse (NQMC 2011) of the U.S. Agency for Healthcare
Research and Quality (AHRQ), these components:

Title,

Description,

Rationale (which may refer to the applicable standards of care of a healthcare
professional organization)

Primary clinical component,

Sampling frame (such as patient associated with provider),

Denominator description,

Numerator description, and
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Annual Dental Visits for Children
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Fig. 3.1 Annual dental visits for children (Source: Pennsylvania DPW, 2010)

e Other categories of documentation relating to evidence, use, data collection, and
computation (including interpretation to identify better quality of care and also
stratification, as, for example, by age, gender, or language).

The denominator identifies the population, such as patients or members of a
given health or dental plan within a specified age range, and specifies the applicable
time period within which data can be gathered for the measure.

The numerator identifies a healthcare service received (or benefit, in health plan
terms), such as a healthcare visit, an immunization, a medical test, a treatment, a
new diagnosis, or a screening. The numerator may be constrained, for example, to
those members of the population with a certain set of behaviors, a certain kind of
lesion or wound, or a certain diagnosis.

The result is a percent of the designated population who received the service or
benefit (which was a treatment, screening, visit, immunization) or demonstrate the
outcome (meeting a certain goal). In quality improvement initiatives charts based on
service and outcome measures are used to assess success or failure at improving the
quality of care. An example is chart for Annual Dental Visits for Children, gra-
ciously provided by the Pennsylvania Department of Public Welfare (DPW). This
chart shows that the number of dental visits increased each year from 2006 through
20009, finally meeting the first goal of the 50th percentile in 2009 (Fig. 3.1).

This chart used Health Effectiveness Data and Information Set (HEDIS®) dental
data for children under 21 in the Pennsylvania Access Plus program from 2006 to
2009. The HEDIS® measure used by Pennsylvania as a basis for collecting dental
visit data and interpreting them can be viewed online at the web site of the National
Quality Measures Clearinghouse (NQMC 2011) of the Agency for Healthcare
Research and Quality (AHRQ), and computes the percentage of members
the Pennsylvania DPW 2010 Access Plus Plan aged 2 through 21 years who had at
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least one dental visit during the particular measurement year. Consulting the
National Quality Measures Clearinghouse (NQMC) of the Agency for Healthcare
Research and Quality (AHRQ) reveals a number of measures related to dental care
quality of the quality of dental education. Most of these originated with the U.S.
Agency for Healthcare Research and Quality, regarding dental plans members’
experiences, or with the Australian Council on Healthcare Standards (ACHS).

The (HEDIS®) measures provided by the National Committee on Quality
Assurance (NCQA) are among the best known performance measures in the U.S.
today. The purpose of HEDIS® codes is to furnish a consistent definition for collect-
ing data to evaluate the effectiveness of health plans. NCQA then publishes annual
reports of the “State of Health Care Quality” based on HEDIS® data. Through this
process, NCQA endeavors to help the U.S. (1) provide necessary care, (2) avoid
delivering wrong care, and (3) to avoid delivering care that is not needed. NCQA has
existed since 1990. By its very structure, NCQA has no mission to include oral
health care in the definition of health care, since the NCQA was established by health
plans, which, with a few exceptions, do not reimburse routine preventive dental care.
Certain oral health provider procedures for Oral and Maxillofacial Surgery, Oral and
Maxillofacial Radiology, and Oral and Maxillofacial Pathology are likely billed
through medical insurance. Benefits for routine preventive and restorative dental
care would ordinarily be provided by dental plans, which are not related organiza-
tionally to NCQA. The NCQA’s establishment appears to be based on an assumption
that the totality of health care is supported by medical insurance payers. All benefits
relevant to health care quality are provided by a carrier (medical) who works with
NCQA. Dental benefits and care are implicitly irrelevant to HEDIS® performance
measures unless associated with a member health plan’s benefit schedule (Fig. 3.2).

While NCQA supports a pediatric “access” performance measure for an annual
dental visit, it has not so far chosen to include referral for a dental visit among the
measures for comprehensive diabetes care. The NCQA has had an opportunity to add
dental referral to the HEDIS® measures for comprehensive diabetes care as formal
requests was submitted to NCQA for including a HEDIS® measure for dental referral
including periodontal screening (NCQA, 2009, NCQA Tracking Numbers 28565
(for submissions regarding dental referral in Amer Diabetes Assn 2009 standards of
care. Integration of medical and dental care lacking in diabetes measures), 29629,
29728, and 34203, personal communication, January 20, 2009, February 18, 2009).

One cannot say that NCQA is unaware of dental care, since there is a HEDIS®
dental care measure assessing “the percentage of members 2 through 21 years of
age who had at least one dental visit during the measurement year” (NQMC 2009).
This measure makes it possible to assess the level of access to pediatric dental visits for
health plans which offer such dental benefits. The age range for the NCQA measure
cited here reveals that it relates to Medicaid pediatric benefits (NCQA (2011a, b, c)).
Examples of health plans that offers dental benefits related to chronic illness care
are Aetna (Albert et al. 2006); CIGNA (2006), “CIGNA Dental today announced
the expansion of its Oral Health Integration Program to include new initiatives pro-
moting the treatment of gum disease for members with diabetes and cardiovascular
disease.” A CIGNA study was recently announced at the 2011 International
Association for Dental Research meeting in which “medical costs for patients with
type II diabetes and periodontal disease were compared for those patients who had



142 V.J.H. Powell et al.

Fig. 3.2 Assumption that M = Medical Care
medical health comprises the D = Dental Care
totality of healthcare H = Health Care

Assuming Medicine is the Totality
of Healthcare
H=M

The Reality of Health Care
H=MuD

their periodontal disease treated and received maintenance therapy with controls
who did not have complete therapy.” According to Jeffcoat (2011, personal com-
munication, June 20, 2011), a “savings of $2,483.51 per patient per year was real-
ized in the group who received the periodontal treatment.”

It is possible that the impact of the NCQA HEDIS® diabetes measure set configu-
ration on quality improvement efforts can be gauged by examining the diabetes
quality measures used by health collaborative, such as the Wisconsin Collaborative
for Health Quality (WCHQ). The WCHQ Diabetes Recognition Program includes
two categories of measure, one for medical groups and one for health plans. Health
plan measures are all HEDIS® measures. Medical Group measures were all devel-
oped by WCHQ. Both sets include HbA 1c, LDL-C, and blood pressure. The WCHQ
health plan group also includes medical attention for nephropathy and a retinal eye
exam (both HEDIS® measures). The medical group includes a measure for kidney
function and an “all-in-one” composite measure (Nolan and Berwick 2006).



3 Metrics and Measurements 143

What would be the reasoning behind expecting WCHQ or any other health
collaborative to include an oral health measure in their diabetes quality effort? First
of all, the “Standards of Medical Care in Diabetes — 2011 list “dental disease”
under the “History of diabetes-related conditions,” and “Dental Examination” is
included in Table 8, the “components of the comprehensive diabetes examination”
(American Diabetes Association 2011). “Dental Examination” has been included in
the ADA standards of medical care at least since 2008. Beyond the ADA standards
and within the same state, the Wisconsin Diabetes Mellitus Essential Care Guidelines
of the Wisconsin Diabetes Advisory Group (WDAG) include “simple inspection of
gums and teeth for signs of periodontal disease” by the primary care provider on
diagnosis and then a “dental exam by general dentist or periodontal specialist.”
(WDAG 2011) The Wisconsin essential diabetes guidelines have been in place since
at least 2004, and have been updated twice since then.

There is in general a tendency not to go beyond the HEDIS® diabetes measures
in designing chronic illness care initiatives. In the case of Wisconsin, it is solely
speculation to suppose that performance measure choices were constrained by the
setavailable as NCQA HEDIS® measures. In the case of establishing the Pennsylvania
collaborative, performance measures were restricted to HEDIS® diabetes measures
(Siminerio et al. 2009), even though a “dental referral” diabetes measure was pro-
posed on more than one occasion. Siminerio et al. explicitly state under “Decision
Support” that the Performance Measure Subcommittee “required [sic] the following
NCQA measures.” Thus, unintentionally the very structure of U.S. health care reim-
bursement by which medical and dental care are not reimbursed within the same
plans effectively subverts diabetes quality initiatives and contributes to inhibiting
optimal, evidence-based diabetes performance measures from being adopted.

Outside the HEDIS® framework, the U.S. Health Resources Services Administration
(HRSA) has a diabetes measure that assesses the percent of diabetic patients in the clin-
ical information system who obtained a dental exam in the last 12 months. The HRSA
measure is suitable for the U.S. federally sponsored network of community health cen-
ters (CHCs), which, by statute, have co-located medical and dental care delivery.

Performance measures that check whether a goal has been achieved or not obvi-
ously have a dichotomous (two-valued), rather than scaled, response pattern. A scaled
response pattern reveals more about the content of care. So far the oral health perfor-
mance measures discussed are dichotomous. Here is an example of a performance
measure from the ACHS, using a scaled (percent) measure: “children: percentage of
teeth requiring repeat fissure sealant treatment within 24 months of the initial fissure
sealant treatment.” ACHS has numerous measures using percents regarding such top-
ics as education, treatment, screening examinations, and health plan member experi-
ences. Also, even measures with dichotomous patterns use scaled values such as
medical test result values (blood tests for HbAlc, creatinine level) to indicate the
extent to which outcome goals were met. With regard to outcomes, the IOM publica-
tion (IOM 2006) favors composite (all-or-none) measures as evidence of optimal
chronic illness management, citing examples from HealthPartners, Inc., in Minnesota,
and specifying in which circumstances composite measures are to be preferred (iden-
tifying poor performance) or avoided (making comparisons).
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A question that has been raised is whether there are any scaled measures than
could be utilized in oral health quality efforts. Well-known metrics in oral health
include decayed, missing, and filled teeth (DMFT), decayed, missing, and filled sur-
faces (DMFS), and the Significant Caries Index (SIC) for caries and probing depth
(PD) and clinical attachment level (CAL) for periodontal disease. Ditmyer et al.
(2011) compare the DMFT and SIC, showing the difference between DMFT and
SIC scores for the state of Nevada for an 8-year period. Page and Eke (2007) com-
pare PD and CAL for purposes of surveillance and ultimately find value in both,
since although “CAL is considered a more accurate measure than PD, and CAL is
accepted as the gold standard for disease severity and progression,” a “patient or
tooth with periodontitis can be treated successfully or the disease can resolve spon-
taneously without a return of CAL to normal.” Please note that Page and Eke’s
survey follow the NHANES protocols for interviews and clinical examination and
include a “full-mouth clinical examination.” Bassani et al. (2006) compare results
of using full and partial Community Periodontal Index of Treatment Needs (CPITN)
examinations for population periodontitis screening. Page and Eke emphasize that
full-mouth exams are resource intensive and costly. An outcome measure based on
the dental record can include information on the prevalence of periodontal disease
in a population (Mattila et al. 2002). Keller et al. (2009) describe using a survey of
insured patients to support “comparison of plan performance, as evaluated by dental
patients.”

There has been criticism of claims-based measures, since they only account for
that part of a population of people treated in a healthcare system, namely those who
have a commercial or public (Medicaid) payer. According the Wisconsin
Collaborative for Healthcare Quality (WCHQ), physicians, “data analysts and qual-
ity specialists from the WCHQ membership have developed ambulatory care speci-
fications that capture all patients and all payers. By uniting claims, clinical and
patient data, WCHQ tracks each provider’s entire practice. This comprehensive
approach enables WCHQ to create a sophisticated measure set that evaluates both
clinical processes and intermediate outcomes, like Alc, blood pressure and LDL
control.” WCHQ characterizes its approach as “All Patients, All Payers.” The tech-
nical problem in trying to integrate medical and dental claims data in processing
performance measures is that health plans and dental plans in the U.S. have separate
claim streams with separate patient identifiers, posing a serious barrier to any effort
to combine data from the two domains of care delivery, except for patients of
CIGNA, Aetna, the Veterans Health Administration, the Indian Health Service, and
the U.S. military. Should WCHQ choose to include “dental checkup” among its
diabetes performance measures, it would have to address the technical challenge of
reconciling claims (with respect to patient identification) from the systems of two
different plans, medical and dental.

Given, for example, the practice alert of the American Association of Critical
Care Nurses (AACN 2010) regarding “Oral Care for Patients at Risk for Ventilator-
Associated Pheumonia,” one would expect ICU performance measures, especially
composite measures, to include a specific oral health measure.
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3.2 The Meaningful Use of Certified Electronic Health
Records in Dentistry

Amit Acharya, Andrea Mahnke, and Franklin M. Din

3.2.1 Introduction

On February 17th, 2009, the American Recovery and Reinvest Act (ARRA) of
2009 was signed into on law by the United States’ federal government. The ARRA
allocated an amount of $787 Billon, included under this is a portion of $19.2 Billion
with an intention to incentivize the physicians and hospitals for the adoption of the
Electronic Health Record (EHR). Incentive payments range from a maximum of $
44,000 under the Medicare incentive option or $ 64,000 under the Medicaid option
for each qualifying physician. This portion of the bills was called, the Health
Information Technology for Economic and Clinical Health Act or the HITECH
Act. As aresult of the HITECT Act and the incentive involved for the eligible pro-
viders and hospitals for adopting the EHR, the healthcare arena in Unites States is
witnessing a lot of activities. The majority of the providers and organizations are
currently in a transitional phase in an effort to automate the entire process of clini-
cal documentation and management of patient data. Although the HITECH act
does include Dentist as an Eligible Professionals (EPs), the reimbursement is only
for those who accept Medicare and Medicaid patients. For dental providers, only
the Medicaid incentives apply since only Medicaid covers typical dental
treatment.

The Office of National Coordinator (ONC) for Health Information Technology
located within the Department of Health and Human Services (HHS) was legisla-
tively mandated in the ARRA. As part of the HITECH Act, the ONC came up with
an initial set of Health Information Technology (HIT) standards and the definition
of “Meaningful Use” of certified EHR technology. The Center for Medicare and
Medicaid Services (CMS) was charged with providing reimbursements for EPs and
hospital providers.

3.2.2 Priorities for Health Outcomes Policy

Released in a staged approach, the Meaningful Use criteria will be presented in
three stages to focus on healthcare that is patient-centered, evidence-based,
prevention-oriented, efficient and equitable. Meaningful Use calls for Certified
EHR technology to be used in a meaningful way. The proposed regulations outline
five priorities for health outcomes policy:
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* Improve quality, safety, efficiency, and reducing health disparities;

* Engage patients and families in their health care;

e Improve care coordination;

* Improve population and public health; and

* Ensure adequate privacy and security protections for personal health
information.

3.2.3 Stage I Meaningful Use Objectives

Each priority comes with several specific care goals and, in turn, objectives and
measures are aligned with each of those goals. Meaningful Use Final Ruling was
published July 13th, 2010 for Stage I. Important to those wishing to ensure they
meet the goals of this first set of regulations are the objectives of Stage I, which
CMS clarifies as:

* Electronically capturing health information in a coded format;

» Using that information to track key clinical conditions and communicating that
information for care coordination purposes;

* Implementing clinical decision support tools to facilitate disease and medication
management;

* Reporting clinical quality measures and public health information.

3.2.4 Meaningful Use Stage I Core and Menu Objectives

CMS presents 15 objectives, representing actions that meaningful users must take in
order to demonstrate meaningful use. In addition to these “core” objectives, providers
must also choose five objectives from a menu of ten offered by CMS. For the menu-based
measures, one of the two public health criteria must be chosen (Table 3.1 and 3.2).

3.2.5 Meaningful Use Clinical Quality Measures

As part of the core objective ‘Report clinical quality measures to CMS or States’,
EPs must report on three required ‘Core’ Clinical Quality Measure (CQM), and if
the denominator of one or more of the required core measures is 0, then EPs are
required to report results for up to three ‘Alternate Core’ CQM. In addition, EPs also
must select three additional CQM from a set of 38 CQM (other than the core/
alternate core measures). In sum, EPs must report on six total measures: three
required core measures (substituting alternate core measures where necessary) and
three additional measures (Table 3.3-3.9).
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Table 3.1 Summary of meaningful use core objectives

Core objective

Measure

1.

10.

11.

12.

14.

Record patient demographics (gender,
race, ethnicity, date of birth, preferred
language) (patient reminder preference
collection note)

. Record vital signs and chart changes

(height, weight, blood pressure,
body-mass index growth charts for
children)

. Generate and transmit permissible

prescriptions electronically (eRx)

. Implement drug-drug and drug-alergy

interaction checks

. Maintain active medication allergy list
. Maintain active medication list

. Implement one clinical decision support

rule relevant to specialty or high
clinical priority along with the ability to
track compliance with that rule

. Maintain up-to-date problem list of

current and active diagnoses

. On request, provide patients with an

electronic copy of their health
information (including diagnostic test
results, problem list, medication lists,
medication allergies, and discharge
summary and procedures)

Implement capability to electronically
exchange key clinical information
among providers and patient-authorized
entities

Protect electronic health information
created or maintained by the certified
EHR technology through the imple-
mentation of appropriate technical
capabilities

Provide clinical summaries for patients
for each office visit

. Record smoking status for patients

13 years of age or older

Report clinical quality measures to
CMS or States

More than 50% of patients’ demographic data
recorded as structured data

More than 50% of patients 2 years of age or older
have height, weight, and blood pressure
recorded as structured data

More than 40% of all permissible prescriptions
written by the EP are transmitted electroni-
cally using certified EHR Technology

The EP has enabled this functionality for the
entire EHR reporting period

More than 80% of patients have at least one entry
recorded as structured data

More than 80% of patients have at least one entry
recorded as structured data

Implement one clinical decision support rule

More than 80% of patients have at least one entry
recorded as structured data

More than 50% of requesting patients receive
electronic copy within three business days

Perform at least one test of EHR’s capacity to
electronically exchange information

Conduct or review a security risk analysis per 45
CFR 164.308(a)(1) of the certified EHR
technology, and implement security updates
and correct identified security deficiencies as
part of its risk management process

Clinical summaries provided to patients for more
than 50% of all office visits within three
business days

More than 50% of patients 13 years of age or
older have smoking status recorded as
structured data

For 2011, provide aggregate numerator and
denominator through attestation; for 2012,
electronically submit measures

(continued)
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Table 3.1 (continued)

Core objective Measure

15. Use CPOE for medication orders
directly entered by any licensed
healthcare professional who can enter
orders into the medical record per state,
local, and professional guidelines

More than 30% of all unique patients with at least
one medication in their medication list seen
by the EP during the EHR reporting period
have at least one medication entered using
CPOE

Table 3.2 Summary of meaningful use menu objectives

Menu objective Measure

1. Implement drug formulary checks

2. Generate lists of patients by specific
conditions to use for quality improvement,
reduction of disparities, research, or
outreach

3. Submit electronic immunization data to
immunization registries or immunization
information systems

4. Submit electronic syndromic surveillance
data to public health agencies

5. Incorporate clinical laboratory test results
into EHRs as structured data

6. Provide patients with timely electronic
access to their health information (including
lab results, problem list, medication lists,
medication allergies) within four business
days of the information being available to
the EP.

7. Perform medication reconciliation between
care settings

8. Send reminders to patients per patient
preference for preventive/follow up care

Drug formulary check system is imple-
mented and has access to at least one
internal or external drug formulary for the
entire reporting period

Generate at least one listing of patients with
a specific condition

Perform at least one test of data submission
and follow-up submission (where
registries can accept electronic
submissions).

Perform at least one test of data submission
and follow-up submission (where public
health agencies can accept electronic
data).

More than 40% of clinical laboratory test
results whose results are in positive/
negative or numerical format are
incorporated into EHRs as structured
data.

More than 10% of all unique patients seen by
the EP are provided timely (available to
the patient within four business days of
being updated in the certified EHR
technology) electronic access to their
health information subject to the EP’s
discretion to withhold certain
information.

Medication reconciliation is performed for
more than 50% of transitions of care

More than 20% of all unique patients
65 years or older, or 5 years old or
younger, were sent an appropriate
reminder during the EHR reporting
period
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Table 3.2 (continued)

Menu objective Measure
9. Use EHR technology to identify patient- More than 10% of patients are provided
specific education resources and provide patient-specific education resources
those to the patient as appropriate
10. The EP who transitions their patient to Summary of care record is provided for more
another setting of care or provider of care or than 50% of patient transitions of care
refers their patient to another provider of and referrals

care should provide summary care record
for each transition of care or referral

Table 3.3 Core clinical quality measure

NQF measure number & PQRI implementation

number Clinical quality measure title
NQF 0013 Hypertension: Blood Pressure Measurement
NQF 0028 Preventive Care and Screening Measure

Pair: (a) Tobacco Use Assessment

(b) Tobacco Cessation Intervention
NQF 0421 Adult Weight Screening and Follow-up
PQRI 128

Table 3.4 Alternate Core clinical quality measure clinical quality measure

NQF measure number & PQRI implementation

number Clinical quality measure title

NQF 0024 Weight Assessment and Counseling for
Children and Adolescents

NQF 0041 Preventive Care and Screening: Influenza

PQRI 110 Immunization for Patients 50 Years Old
or Older

NQF 0038 Childhood Immunization Status

Table 3.5 Additional clinical quality measure: diabetes

Clinical quality measure title

Diabetes Hemoglobin Alc Poor Control

Low Density Lipoprotein (LDL) Management and Control

Blood Pressure Management

Diabetic Retinopathy: Documentation of Presence or Absence of Macular Edema
and Level of Severity of Retinopathy

Diabetic Retinopathy: Communication with the Physician Managing Ongoing
Diabetes Care

Eye Exam

Urine Screening

Foot Exam

Hemoglobin Alc Control (<8.0%)
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Table 3.6 Additional clinical quality measure: heart disease

Clinical quality measure title

Heart Disease

Heart Failure: Angiotensin-Converting Enzyme (ACE) Inhibitor or
Angiotensin Receptor Blocker (ARB) Therapy for Left Ventricular
Systolic Dysfunction (LVSD)

Heart Failure: Warfarin Therapy Patients with Atrial Fibrillation

Heart Failure: Beta-Blocker Therapy for Left Ventricular Systolic
Dysfunction (LVSD)

Coronary Artery Disease: Beta-Blocker Therapy for CAD Patients with Prior
Myocardial Infarction (MI)

Coronary Artery Disease: Drug Therapy for Lowering LDL-Cholesterol

Coronary Artery Disease: Oral Antiplatelet Therapy Prescribed for Patients
with CAD

Ischemic Vascular Disease: Blood Pressure Management

Ischemic Vascular Disease: Use of Aspirin or Another Antithrombotic

Ischemic Vascular Disease: Complete Lipid Panel and LDL Control

Table 3.7 Additional clinical
quality measure: asthma

Clinical quality measure title

Asthma  Asthma Pharmacologic Therapy
Asthma Assessment
Use of Appropriate Medications for Asthma

Table 3.8 Additional Clinical Quality Measure: cancer

Clinical quality measure title

Cancer  Oncology Breast Cancer: Hormonal Therapy for Stage IC-IIIC Estrogen Receptor/
Progesterone Receptor (ER/PR) Positive Breast Cancer
Oncology Colon Cancer: Chemotherapy for Stage III Colon Cancer Patients
Prostate Cancer Patients
Breast Cancer Screening
Colorectal Cancer Screening
Cervical Cancer Screening

3.2.6 How Does the Meaningful Use Requirement
Affect Dentistry?

3.2.6.1 Certified EHR

One of the basic prerequisites to participating in the Meaningful Use Incentive pay-
ments is the need to use a “certified” EHR. Unfortunately, there are no “certified”
EDRs. Hence all discussions about MU are theoretical at this time. In anticipation
of a certified EDR, the following MU discussion is relevant.
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Table 3.9 Additional clinical quality measure: others

Clinical quality measure title

Others Pneumonia Vaccination Status for Older Adults

Anti-depressant medication management: (a) Effective Acute Phase Treatment,(b)
Effective Continuation Phase Treatment

Primary Open Angle Glaucoma (POAG): Optic Nerve Evaluation

Appropriate Testing for Children with Pharyngitis

Smoking and Tobacco Use Cessation, Medical assistance: (a) Advising Smokers and
Tobacco Users to Quit, (b) Discussing Smoking and Tobacco Use Cessation
Medications, (c) Discussing Smoking and Tobacco Use Cessation Strategies

Initiation and Engagement of Alcohol and Other Drug Dependence Treatment: (a)
Initiation, (b) Engagement

Prenatal Care: Screening for Human Immunodeficiency Virus (HIV)

Prenatal Care: Anti-D Immune Globulin

Controlling High Blood Pressure

Chlamydia Screening for Women

Low Back Pain: Use of Imaging Studies

3.2.6.2 The Challenges of Meeting Meaningful Use Core Measures
with EDR (Table 3.10 and 3.11)

While there may be an EDR that differs from the table above, in general, EDRs will
require significant improvements to meet these metrics.

3.2.6.3 Specific Concerns on Existing Meaningful Use Objective in Dentistry
Clinical Decision Support

Applying clinical decision support (CDS) at the point of care is highly unlikely for
dentistry since EDR is still primitive at this time. Further, there is no adequate deter-
mination of what constitutes appropriate CDS. Using CDS to advice on treatment
based on diagnostic criteria is essentially useless since:

* EDR lack robust collection of diagnostic information (usually no labs, no ICD
codes, clinical indicators are not standardized)

* Treatment options are limited and a single treatment, like a filling, is the treat-
ment of choice for a wide range of diagnostic conditions.

e No clear best practices to determine the use of alternative treatments, for exam-
ple, when do you use a three-fourths crown versus a full crown.

A better method of implementing CDS is to provide a decision function that
takes medical conditions into account and how the medical condition may affect
dental disease and treatment. This approach allows the EDR to provide functionality
and knowledge that the provider may lack or prevent the provider from overlooking
a critical systemic condition. This later use of CDS also helps with justifying the
effort to integrate medical and dental data to benefit the patient.
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Table 3.10 Summary of MU core measures and EDR compliance

Core objective

Likelihood of EDR compliance

1.

11.

12.

13.

Record patient demographics
(gender, race, ethnicity, date of
birth, preferred language) (patient

reminder preference collection note)

. Record vital signs and chart

changes (height, weight, blood
pressure, body-mass index growth
charts for children)

. Generate and transmit permissible

prescriptions electronically (eRx)

. Implement drug-drug and drug-

alergy interaction checks

. Maintain active medication allergy

list

. Maintain active medication list

. Implement one clinical decision

support rule relevant to specialty or

high clinical priority along with the

ability to track compliance with that
rule

. Maintain up-to-date problem list of

current and active diagnoses

. On request, provide patients with an

electronic copy of their health
information (including diagnostic
test results, problem list, medication
lists, medication allergies, and
discharge summary and procedures)

. Implement capability to electroni-

cally exchange key clinical
information among providers and
patient-authorized entities

Protect electronic health informa-
tion created or maintained by the
certified EHR technology through
the implementation of appropriate
technical capabilities

Provide clinical summaries for
patients for each office visit
Record smoking status for patients
13 years of age or older

Likely. EDRs must review the demographic data
elements and make the necessary changes to
comply. In most cases, compliance should be a
straight forward replacement of Free text fields
with a structured field.

Unlikely. Dentistry will need to be allowed to omit or
replace some irrelevant data. For instance, replace
“body-mass index growth charts for children”
with a “dentition growth chart for children”.

Unlikely. eRx capability will need to be added to
EDR functionality

Unlikely. EDR developers will need to add this
capability to EDR. Dentists tend to prescribe a
small subset of medications and it may be
difficult to extract a subset of interactions from
existing drug-drug and drug-allergy
knowledgebase.

Unlikely. Will require the EDR to capture this
information as structured data.

Unlikely. Will require the EDR to capture this
information as structured data.

Unlikely. A detailed discussion on CDS follows.

Unlikely. EDR don’t capture diagnosis as structured
data. A detailed discussion on Problem Lists
follows.

Unlikely. EDR must add capability to issue a
complete CDD. Many of the components of the
CCD are not available in the EDR.

Unlikely. EDR must add capability to participate in a
standardized data exchange, like participation in a
health information exchange. A detailed
discussion on clinical data sharing follows.

Unlikely. EDR are unsophisticated relative to EMR.

Likely. Even if this needs to be developed, the task is
straightforward.

Likely. Even if this needs to be developed, the task is
straightforward.
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Table 3.10 (continued)

Core objective Likelihood of EDR compliance
14. Report clinical quality measures to ~ Unlikely. The clinical quality measures are medical
CMS or States specific. A detailed discussion on clinical quality
follows.
15. Use CPOE for medication orders Unlikely. EDR must add CPOE capability. The
directly entered by any licensed rationale for this functionality for dentists is
healthcare professional who can questionable.

enter orders into the medical record
per state, local, and professional
guidelines

Table 3.11 Summary of meaningful use menu objectives and EDR compliance

Menu objective Likelihood of EDR compliance

1. Implement drug formulary checks  Unlikely. EDR are not connected to drug formularies.
2. Generate lists of patients by specific Likely. Even if this needs to be developed, the task is
conditions to use for quality straightforward.
improvement, reduction of
disparities, research, or outreach

3. Submit electronic immunization Unlikely. Dentistry is not involved with
data to immunization registries or immunizations.
immunization information systems

4. Submit electronic syndromic Unlikely. Dentists cannot legally diagnose systemic
surveillance data to public health conditions that are applicable to syndrominc
agencies surveillance.

5. Incorporate clinical laboratory test ~ Unlikely. Dentist rarely need to order lab tests.
results into EHRs as structured data

6. Provide patients with timely Unlikely. EDR must add the capability to generate a
electronic access to their health CCD and then provide a secure electronic access
information (including lab results, to this information.

problem list, medication lists,
medication allergies) within four
business days of the information
being available to the EP.
7. Perform medication reconciliation ~ Unlikely. EDR must develop the capability to

between care settings exchange standardized medication data.

8. Send reminders to patients per Likely. EDR must develop the capability to send
patient preference for preventive/ reminders electronically. A detailed discussion on
follow up care patient reminders follows.

9. Use EHR technology to identify Likely.
patient-specific education resources
and provide those to the patient as

appropriate

10. The EP who transitions their patient Unlikely. EDR must add the capability to generate a
to another setting of care or provider CCD and then provide a secure electronic access
of care or refers their patient to to this information.

another provider of care should
provide summary care record for
each transition of care or referral
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Quality Improvement and Public Reporting

The uniqueness of dentistry requires that the metrics developed to improve quality
must be specific to dentistry. For instance, there is no systemic equivalent to a dental
crown. So to track and analyze the quality of crowns must track specific data, like
the presence of recurrent caries, loss of cementation and recementation, cracked
facings, localized periodontal disease, radiographic evidence of fit, number of
occlusal adjustments, etc. None of these are typical of medical quality analysis.

For public reporting, there are no mandated oral health reportable conditions.
There will need to be an effort to identify reportable conditions, like STD signs.
This may require policy or legal changes.

Up-to-Date Problem List

One of the objectives of the stage 1 meaningful use are to maintain an up-to-date
problem list of current and active diagnoses based on ICD-9-CM or SNOMED CT®.
“Problem list” is described as a list of current and active diagnoses as well as past
diagnoses relevant to the current care of the patient.

Generally, ICD 9 is not suitable for dental diagnosis. ICD-10 has just a few more
dental diagnoses when compared to ICD9 and the utility and completeness of ICD-
10 has not been proven. So ICD-10 may also be inadequate to developing a robust
problem list. SNOMED CT, while larger may also be inadequate to use to populate
a problem list. If it is used, great effort must be made to create a Dental subset to
avoid concept overload. The ADA created SNODENT many years ago but this ter-
minology has many flaws and gaps, and has not been maintained/updated in years.
Hence it is inadequate to the task. ADA was supposed to undertake an update of
SNODENT in 2008 but there is no public announcement on progress.

If the problem list is to be created, to meet meaningful use requirements, it must
be with the understanding that the problem list may have gaps that will take time to
correct (requires a submission to IHTSDO to add/modify a concept).

Last complicating factor is that Dentistry has generally never used coded termi-
nologies outside of CDT for dental procedures. This is a huge cultural change.

Patient Reminders

One of meaningful use objective calls for sending reminders to patients per patient
preference for preventive/follow-up care. Patient preference refers to the patient’s
choice of delivery method between internet based delivery or delivery not requiring
internet access.

While dentistry has always valued the need to send reminders for ongoing den-
tal check-ups, it is usually limited to setting up an appointment well into the future
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or a periodic scheduled phone or mail reminder. The addition of an electronic
maintenance communication is spotty at best among existing EDRs.

Implement five clinical decision support rules relevant to specialty or high
clinical priority, including for diagnostic test ordering, along with the ability to
track compliance with those rules.

We believe greater clarification is required around the concept of “clinical deci-
sion support”. We propose to describe clinical decision support as health informa-
tion technology functionality that builds upon the foundation of an EHR to provide
persons involved in care processes with general and person-specific information,
intelligently filtered and organized, at appropriate times, to enhance health and
health care.

If the CDS is built to advise provider on systemic health effects on dental care,
then five CDS can be constructed. For instance a medical history of severe liver
problems should trigger a CDS warning about increased bleeding.

Exchange Key Clinical Information

This objective focuses on the capability to exchange key clinical information (for
example, problem list, medication list, allergies, and diagnostic test results), among
providers of care and patient authorized entities electronically. Dental EDR are cur-
rently not designed to generate an interoperable record. Work is needed to help EDR
vendors develop a CCD or an HL7 2.x message.

3.2.6.4 Potential Measures That Could Be Considered for Assessing
Meaningful Use in Dentistry (Thyvalikakath and Schleyer 2009)

* % of pediatric patients who receive caries-preventive interventions, such as fluo-
ride varnish or sealants

* % of patients who are seen at patient-specific recall intervals

* % of high-risk patients screened for oral pre-malignant lesions or oral cancer

* % of patients with improving/stable/deteriorating periodontal disease trends for
decayed/missing/filled teeth by individuals and population cohorts

* % of medications prescribed that are checked against authoritative medication/
allergy list for interactions/contraindications

* % of patient referrals made as a consequence of potential oral-systemic health
interactions, such as periodontal disease leading to low pre-term birth weight or
periodontal disease leading to cardiovascular disease

* % of systemic conditions, such as diabetes, cardiovascular disease and hemato-
logic disorders, discovered in the course of dental diagnosis/treatment
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Table 3.12 Sumrpary of Center  Dentists Hygienists Dental assist. Other
focus group participants Coner 13 3 3 3
Center2 1 2 3 2
Center 3 1 2 2 2
Center4 2 2 3 1
Center 5 1 2 2 3
Center 6 3 3 0 2
Center 7 4 2 3 2 Total
15 16 16 15 62

3.2.7 Marshfield Clinic Dental Centers’ Perspective
on Meaningful Use (MU) Stage 1 Objectives:
Focus Group Sessions

Marshfield Clinic conducted a series of focus groups to investigate the operational
changes that would be required by all dentists and their staff at all its dental centers
to meet the meaningful use objectives. Focus groups were conducted at all seven
Marshfield Dental Centers both to educate staff about meaningful use requirements
and to collect feedback about their perceptions of having to comply with the sets of
requirements. In particular, another goal of the focus groups was to find out if they
felt that adopting the meaningful use requirements would impact their daily work-
flow and if so, how.

Focus groups were conducted from January 10 to February 7, 2011. They were
conducted over the lunch hour and lunch was provided. All focus groups were audio
and video recorded. Groups consisted of a mix of dental staff including dentists
(15), dental hygienists (16) and dental assistants (16), as well as appointments coor-
dinators, patient financial staff and managers (15) (Table 3.12).

The focus groups were moderated by an usability analyst and a dental informat-
ics scientist. The moderators started by giving a brief overview of meaningful use,
providing background information to the participants. This was followed by an item
by item review of the core, menu and clinical quality measures objectives. A num-
ber of themes that came out of focus groups are listed below.

3.2.7.1 Medications Requirements

The dental staffs were already comfortable with the medications requirements. This
was due to the fact that the EHR medication component, medications manager, was
already capturing the majority of these requirements. Overall the staffs were satis-
fied with how medications manager was working.

3.2.7.2 Environmental Challenges

It was apparent to the staff that some of the meaningful use requirements would
require changes to their working environments and in some cases work flow as well.
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In the case of recording the patient’s weight and height, they stated that they would
need not only scales, but scales that would accommodate people in wheel chairs.
They bring back 20-30 patients an hour and traffic flows the same for all patients
and they predicted that bottlenecks could form. They also questioned how they
would record the weight because they do not work with tablet computers like medi-
cal staffs do. Comments were also made that patient privacy should be respected
and questioned taking their weight in a public area.

We would have to have a place to put the scale when we are walking the patient back. Right
now it’s sort of in the middle of the clinic. There are so many of us walking back at the same
time. People want that to be private.

3.2.7.3 Time/Priorities

Dental staff felt strongly that they already are pressed for time to complete the existing
tasks they need to complete. Adding any new task(s) was perceived as putting them
behind schedule. Hygienists in particular, have just 1 h and often run short on time com-
pleting everything they currently need to do. Regarding the patient education resources,
staff felt it was their priority to educate patients on oral health topics. Hygienists in par-
ticular already felt challenged with educating patients on brushing once a day. Staff felt
that if they were spending more time meeting MU requirements that production would
drop — they would not to be able to see as many patients in a day.

I look at what we are going to be asked to do in a shorter amount of time. Do I want them
to talk about brushing, their area of expertise, or a foot exam? We are already doing so
much. Biggest problem is time. They decrease the time hygienists have with patients.

3.2.7.4 Patient Resistance

Dental staff felt that patients would be resistant to some of actions that would be neces-
sary to meet meaningful use requirements. This was especially true for recording the
patient’s weight and providing weight related educational information and counseling to
both children and adults. Because these dental clinics serve under insured and uninsured
populations, they have a 10-12% no show rate. Staff felt that it is already a challenge to
get patients to come in for their appointments. Taking their weight and discussing weight
related health issues with patients were seen as deterrents for patients to keep future
appointments. Staff also felt that their patients were not going to make the connection
between dental health and weight issues. They also felt that in the case of children/
adolescents, parents of these patients would be offended if a dentist attempted to counsel
them about their child’s weight issues. Also, some patients are seen up to six times a
month — should weight be recorded at every appointment? The Marshfield Clinic dental
centers already record blood pressure and several staff indicated that many patients were
resistant to having their blood pressure taken. They expected even more resistance from
patients when asked to have their weight recorded.

I’m worried about the comfort level of a lot of adults getting weighed at a dental office. It
would be really nontraditional. Patients are just getting used to having blood pressure taken.
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3.2.7.5 Role

Dental staff did not feel comfortable crossing the line from dentistry and counsel in
other areas. For example, since they did not feel they qualified as dieticians. In the
case of decision support, staff did not feel that they should take blood pressure at an
appointment to then compare to BMI and make a diabetes diagnosis. They felt it
was a fine line where they cross from educating, which is acceptable, to diagnosing,
which is unacceptable.

When we take blood pressure at the beginning of the appointment, it’s not to diagnose. If
we are looking at BMI and blood pressure. In dentistry we run the risk; it’s a fine line, we
are not supposed to be diagnosing.

3.2.7.6 Changes to Electronic Medical Record

Since the current electronic medical record didn’t have the capability to capture
some of the meaningful use requirements; it was a bit hard for the staff to conceptu-
alize how it would fit into their workflow. In the case of recording smoking status
and problem list, they were recording at some level. They felt it would be important
to record in a more structured manor. Changes to the EHR would need to be made
to allow recording of more structured data. Staff felt that it would be great to pro-
vide patients with a summary of their visit, but they did not have the capability to
easily provide that information.

3.2.7.7 Information Overload

Staff was worried that patients would suffer from information overload in the case
of tailored educational materials. They wanted to maintain focus on dental educa-
tion. They felt that their patients were already inundated with so much information
and more information, especially regarding numerous medical issues would be a
deterrent for patients returning for future appointments. Educating patients about
why things were being done and giving them options was seen as important.

I would worry about information overload. If we’re getting flagged to provide them with five
different brochures and four of those are medical related, are we the best place to provide
that? Maybe, maybe not. It’s not getting down to the focus of the care we are here to give”

3.2.7.8 Additional Staff or New Role

It was frequently mentioned that in order to meet the meaningful use criteria, there
may need to be additional staff in order to do this. Perhaps a new role would be cre-
ated, like a patient liaison or care facilitator. This role could do things like record
weight and blood pressure, provide tailored educational material and possibly
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coordinate any medical appointments. These comments dovetail with the time/priority,
role, and information overload themes.

May require another role, like a care facilitator that could do education and possibly
appointments.

3.2.7.9 Non-representation of Dental Practice in MU Requirements

The staff felt that the MU use requirements in general did not necessarily represent
dental practices. In particular, regarding the CQM requirements, they noticed holes.
For example, cancer screenings, diabetic oral exams and 6 month cleanings are rou-
tinely done, but were not present on the list.

3.2.7.10 Data Availability to Staff and Patients

Dental staff thought it would be very helpful to be able to identify patients by con-
dition, especially in the case of diabetes and heart disease. They felt this would be
very helpful for outreach and scheduling follow up appointments. They also
thought it would be helpful to identify children that fall out of the schedule and
don’t come back for years when they have lots of problems. Another example
stated was having the ability to identify periodontal patients in order to send
reminders. Staff thought is would be helpful to electronically provide patients with
their dental information, or at least a subset of it. They did not feel that patients
would need to see clinical notes. Managers indicated that many patients were
already requesting to see their information online, especially in order to request
and view appointments. Marshfield Clinic patients already have the ability to see
their medical information online via a patient portal, so an expectation already
exists. Appointment summaries were seen to be helpful for example in the event of
a child with divorced parents.

Yes, I can think of a lot. Diabetics, pregnant patients, every age really. We looked at patients

under 18 who hadn’t been seen in 18 months. We had a huge list that hadn’t been seen in

18 months and they should be seen every six months. Periodontal patients, to do
reminders.

3.2.8 Summary

At the beginning of the millennium, about 85% of all United States (US) general
dentists used computers in their office (American Dental Association Survey Center
2001). However, only 25% of those dentists used the computer in a clinical environ-
ment. A land mark study in 2006 which focused on clinical computing in dentistry
(Schleyer et al. 2006) reported that only 1.8% of all US general dentists maintain
patient information in a complete electronic format. A more recent survey from the
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state of California focused on the Health Information Technology (HIT) in dental
practices (Loeb et al. 2010). About 23% of the California dentists reported that they
have fully implemented Electronic Dental Records (EDRs) in their practice and
about 15% were in the process. There has been a gradual rise in the adoption of the
Electronic Health Records in Dentistry; however, there are some unique barriers for
adoption of EDR which has to be resolved.

As the majority of the dentists in the United States do not accept Medicare and/
or Medicaid patients for various reasons, the HITECT Act does not provide the
necessary push for adopting the Electronic Dental record (EDR) among dentists.
Dentistry as a clinical practice has its own needs and hence ‘“Meaningful Use” cri-
teria defined for the EHR would not be completely relevant for the EDR. It would
be wrong to apply a ‘one size fits all” approach.

Even to begin realizing the “Meaningful Use” of EDR, a standardized content of
the EDR has to be in place. The design of the dental record should represent and
adequately document the patient care process in dentistry. EDR has the potential to
become an integral part of clinical practice as dental healthcare transforms to the
new era of managing the patients’ health data through an electronic medium.

3.3 Significance of Using Risk Assessment Tools
for Periodontal Disease in Practice

Thankam P. Thyvalikakath

3.3.1 Introduction

Recent research has significantly expanded our understanding of the etiology and
pathogenesis of periodontal disease. Studies have identified many risk factors for
periodontal disease (Elter et al. 1999; Genco 1996; Papapanou 1996; Pihlstrom
1994), including smoking; stress; poor diet; inadequate oral hygiene; medical con-
ditions such as diabetes mellitus, osteoporosis and AIDS; certain medications;
female hormone levels; and genetic factors. Diagnosing and treating periodontal
disease successfully requires clinicians to perform a thorough patient examination
and to integrate the findings into an accurate and valid assessment of the current
disease state and future disease risk (Pihlstrom 2001). This assessment is a precon-
dition for the selection of appropriate preventive and therapeutic interventions.
However, many dental diseases, including periodontal disease, are being man-
aged using a reparative model, under which dentists and hygienists concentrate
on the clinically obvious that requires immediate intervention and focusing less
attention on preventing future disease (Page et al. 2005). Using this model, the
treatment is essentially the same for all patients with identical clinical presentation.
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This approach to care ignores individual variation in the susceptibility and risk
for disease, with the consequence that not all patients receive optimal treatment.
The new, risk-based approach requires clinicians to assess the patient’s current
disease status and risk of developing disease in the future and predominantly to
manage it by preventive methods. Thus, individual patients are much more likely
to receive the most appropriate treatment. The polarized distribution of diseases
such as periodontal disease compels us to develop a well-defined strategy that
targets preventive management for high-risk patients (Vanobbergen et al. 2001;
Stamm et al. 1991). The personalization of treatment can result in appropriate
use of dental resources and lower dental costs for individuals with low disease
risk (Page et al. 2005; Axelsson et al. 1991, 2000, 2004; Axelsson and Lindhe
1981; Axelsson 2002; Patel et al. 2001; Stamm et al. 1991). Through long-term
studies, Axelsson has found that oral health status can be improved with a net
savings of 50% in treatment costs by targeting the needs of individual patients
(Axelsson et al. 1991, 2000, 2004; Axelsson and Lindhe 1981; Axelsson 2002;
Page et al. 2005; Midwest Business Group on Health, Juran Institute, I., and The
Severyn Group, 1 2003).

Recognizing this significant challenge faced by general dentists in diagnosing
and treating periodontal diseases, the American Academy of Periodontology (AAP)
recently developed guidelines for the management of patients with periodontal dis-
ease. The guidelines are intended to help clinicians identify patients with periodon-
tal disease in a timely manner and consider factors that may influence future disease
progression (Krebs and Clem 2006). Various multi-factorial risk assessment models
have been proposed in an attempt to identify individuals at high risk for periodontal
disease (Beck 1994; Tonetti 1998; Page et al. 2002; Persson et al. 2003b; Renvert
and Persson 2004). The Previser Risk Calculator developed by Page et al. is based
on AAP guidelines (oral communication with Dr. John Martin, Chief Scientific
Officer, PreViser Corp.). Despite emerging evidence of the validity and clinical util-
ity of risk-based diagnosis and treatment in dentistry and, specifically, periodontol-
ogy, little evidence suggests that these approaches are adopted broadly in general
practice (Helminen et al. 1999).

3.3.2 Description of Previser Risk Calculator

Based on the scientific evidence of the importance of risk factors in periodontal
disease, Page et al. (2002) developed a computer-based risk assessment tool, the
Previser Risk Calculator (PRC) (PreViser Corp., Mount Vernon, WA). The tool cal-
culates the patient’s disease score and risk score based on a mathematical algorithm
that assigns relative weights to nine factors: patient age; smoking history; diagnosis
of diabetes; history of periodontal surgery; pocket depth; furcation involvement;
restorations or calculus below the gingival margin; and radiographic bone lesions
(see Fig. 3.3).
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Fig. 3.3 Screenshot of Previser Risk Calculator (PRC) that shows the health history questions
PRC asks about to assess patient’s risk of periodontal disease

The disease score ranges from 0 (no disease) to 100 (severe periodontitis), and
the risk score from 1 (lowest) to 5 (highest) (see Fig. 3.4).

The PRC was validated in a retrospective study involving 523 male participants
over a period of 15 years (Page et al. 2003). Information from baseline examinations
was entered into the risk calculator, and risk scores for periodontal deterioration
were calculated for each subject. Actual periodontal status in terms of alveolar bone
loss, determined using digitized radiographs, and tooth loss, determined from clini-
cal records, was assessed at years 3, 9 and 15. The risk scores at baseline were found
to be strong predictors of future periodontal status as measured by increasing sever-
ity and extent of alveolar bone loss and loss of periodontally affected teeth. The
study concluded that risk scores that the PRC calculated from information gathered
during a standard periodontal examination predicted future periodontal status with
a high level of accuracy and validity. In a subsequent study, clinician subjective
assessment was compared with the PRC (Persson et al. 2003a). The risk scores
assigned by the expert clinicians were heterogeneous and were lower than the scores
generated by the PRC. Expert clinicians assigned more subjects to the PRC low-risk
group and fewer to the PRC high-risk group than did the PRC. Thus, expert clini-
cians varied greatly in evaluating risk, and, relative to the PRC, they appeared to
underestimate the risk for periodontal disease, especially in high-risk patients.
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Fig. 3.4 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)

3.3.3 Summary

However, multiple barriers exist to the adoption and use of a risk-based approach
for managing periodontal disease in general dental practice. Barriers to the adoption
and use of a risk-based approach for managing periodontal disease include the fol-
lowing: (1) lack of awareness of risk-based diagnostic and treatment approaches;
(2) difficulty in calculating risk without a computer algorithm; (3) progressive com-
plexity of risk assessment algorithms; and (4) lack of integration of existing risk-
based tools with computer-based patient records and practice operations.
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4.1 Economics of Clinical Data Integration

4.1.1 A Cost Benefit Analysis of Expanding
Dental Insurance Coverage

Stephen Foreman

4.1.1.1 Introduction

Dental health insurance coverage in the United States is either nonexistent (Medicare
and the uninsured), spotty (Medicaid) and limited (most employer-based private
benefit plans). Perhaps as a result, dental health in the United States is not good.
What public policy makers may not appreciate is that this may well be impacting
medical care costs in a way that improved dental benefits would produce a substan-
tial return to investment in expanded dental insurance coverage.

On the surface, it would appear to be politically and economically difficult or
impossible to expand dental insurance coverage at this time. Health insurance costs
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have been rising at double digit rates. Most employers have been dropping health
care coverage rather than expanding it (Kaiser Family Foundation 2010). Medicare
trust funds are bankrupt (Social Security and Medicare Boards of Trustees 2011).
Adding coverage would exacerbate an already alarming problem. Medicaid funding
is a major source of state government deficits. Many states are slashing Medicaid
coverage during this time of crisis (Wolf 2010). Improving Medicaid dental cover-
age during times of budget crisis would meet substantial political resistance.

Strikingly, strong and increasing evidence suggests relationships between oral
health and arange of chronic illnesses. For example, recent findings show relationships
between periodontal inflammatory conditions and diabetes, myocardial infarction,
coronary artery disease, stroke, preeclampsia and rheumatoid arthritis. This suggests
that improved oral health may well have the potential to reduce the incidence of
chronic diseases as well as their complications. If chronic disease incidence is
reduced it may be possible to avoid medical care costs related to treating them. It
would be important to know more about the extent to which improved oral health
could reduce health care costs and improve lives.

There are few, if any, studies of the costs of providing Medicare dental benefits, the
costs of improving the Medicaid dental benefit or the cost of providing dental insur-
ance to the uninsured. There are a few studies that indicate that periodontitis increases
medical care costs, perhaps by as much as 20% (Ide et al. 2007; Albert et al. 2006).!
Ideally there should be a controlled study to assess the benefit of providing dental
coverage through a government payer system. For a preliminary inquiry we can con-
sider work already done and using some cost and benefit estimates, determine whether
it is possible that benefits of extending dental coverage may outweigh costs.

4.1.1.2 Dental Insurance and Coverage in the United States

The failure of Medicare to cover dental care has engendered some (albeit not much)
publicdebate. In2003, Congress enacted the Medicare Prescription Drug, Improvement,
and Modernization Act (Medicare Part D). By 2009 Medicare provided $56.6 billion
in benefit payments for outpatient prescription drugs and Medicaid paid 15.7 billion
for outpatient prescription drugs (Center for Medicare and Medicaid Services 2010).
Beneficiaries provided billions more in the form of monthly Part D premiums. The
expense of the Medicare prescription drug program and the controversy surrounding
its enactment may well have eroded public support for increased Medicare coverage.
So while there has been no shortage of effort paid to improving Medicare, the one
common theme in all of the recent initiatives is that dental care has been conspicuously

'A new study by Hedlund, Jeffcoat, Genco and Tanna funded by CIGNA of patients with Type 1T
diabetes and periodontal disease found that medical costs of patients who received maintenance ther-
apy were $2483.51 per year lower than patients who did not. CIGNA, Research from CIGNA Supports
Potential Association between Treated Gum Disease and Reduced Medical Costs for People with
Diabetes, http://newsroom.cigna.com/NewsReleases/research-from-cigna-supports-potential-associ-
ation-between-treated-gum-disease-and-reduced-medical-costs-for-people-with-diabetes.htm, March
29, 2011, accessed June 23, 2011; Jeffcoat M (2011). Personal communication, 20 June 2011.
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omitted. As a result, 43 million Medicare recipients in 2009 (US Census Bureau 2011)
continue to have no dental insurance coverage through Medicare.?

Medicaid dental coverage is an optional benefit that states may or may not elect to
provide. In Medicaid, both the State and the Federal government provide funds to
cover healthcare services to eligible patients. The bulk of the money comes from the
Federal government. Because the Medicaid dollars are limited and coverage for sys-
temic diseases has precedence, Medicaid coverage of dental care has been spotty.
Even where it has been provided, payments to dental providers have been so low as to
make it difficult or impossible for Medicaid beneficiaries to obtain adequate dental
care (Broadwater 2009). The 2008 recession increased the number of Medicaid eli-
gible individuals nationwide. Further, the federal budget deficits of the past few years
have reduced the federal contribution to state Medicaid programs. The combination of
increases in the number of beneficiaries and diminished revenues has caused a number
of states to eliminate or curtail Medicaid dental coverage (eHow 2011; Mullins et al.
2004). The result, 49 million Medicaid beneficiaries in the US (US Census Bureau
2011) in 2009 either had no dental insurance coverage or inadequate coverage.

Approximately 52 million people in the United States do not have health insurance
(Kaiser Family Foundation 2010). Presumably, they have no dental insurance either.
Further, not every employer provides dental insurance. A 1995 CDC survey found that
44.3% of adults do not have dental insurance coverage (Centers for Disease Control
1997). A 2006 Montana survey found that 53% of employers who offer health insur-
ance do not offer dental insurance coverage (Montana Business Journal 2006). In 2009
there were approximately 202 million people enrolled in health insurance plans (US
Census Bureau 2011). If half (a rough combination of the CDC and Montana percent-
ages) of them do not have dental insurance it is likely that an additional 101 million
(nonelderly, non-poor) people in the US do not have dental insurance coverage.

Finally, the term “dental insurance” is actually a misnomer.> Dental policies
cover routine treatments, offer discounts for more complex treatment and impose a
low yearly on total payments. In fact, it has been called “part insurance, part prepay-
ment and part large volume discount” (Manski 2001). Effectively, many (if not
most) people who have dental insurance find it coverage to be quite restrictive. For
example, many impose a small yearly cap ($1,500 is common) or large coinsurance
amounts (50% for orthodontia, for example) (Rubenstein 2005). Even with dis-
counts it is easy for many people to exceed the annual limit.

Given the lack of dental insurance coverage it is not surprising that the status of
oral health in the US is not particularly good. In 2002 approximately 26.5% of adults
between the ages of 35 and 44 had untreated caries, 42% had decayed, missing and
filled tooth surfaces and more than one-half of adults had gingival bleeding (Dental,
Oral and Craniofacial Data Resource Center of the National Institute of Dental and
Craniofacial Research 2002). Three fourths of adults in the US have gingivitis and
35% have periodontitis (Mealey and Rose 2008). If these levels of untreated disease
were applied to most systemic diseases, there would be public outcry.

2Some of them may have dental insurance coverage through their retirement health insurance.
SPerhaps it might more accurately be called a dental plan.
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4.1.1.3 The Relationship Between Dental Problems and Chronic Illness

Over the past decade evidence has been building that there is a relationship between
dental disease, particularly periodontal disease, and chronic illnesses. Mealey and
Rose note that there is strong evidence that “diabetes is a risk factor for gingivitis and
periodontitis and that the level of glycemic control appears to be an important
determinant in this relationship” (Mealey and Rose 2008). Moreover, diabetics have a
six times greater risk for worsening of glycemic control over time compared to those
without periodontitis and, periodontitis is associated with an increased risk for dia-
betic complications. For example, in one study more than 80% of diabetics with perio-
dontitis experienced one or more major cardiovascular, cerebrovascular or peripheral
vascular events compared to 21% of the diabetic subjects without periodontitis
(Thorstensson et al. 1996). Also, a longitudinal study of 600 type 2 diabetics found
that the death rate from ischemic heart disease was 2.3 times higher in subjects with
severe periodontitis and the death rate from diabetic nephropathy was 8.5 times higher
(Saremi et al. 2005). Clinical trials have demonstrated that treatment of periodontal
disease improved glycemic control in diabetics (Miller et al. 1992). Moreover, inves-
tigations have found an association between periodontal disease and the development
of glucose intolerance in non-diabetics (Saito et al. 2004). While it is difficult to estab-
lish causality and it is possible that other factors influence periodontal disease and
medical complications, these studies suggest that treatment of periodontitis substan-
tially improves health and greatly reduces medical complications related to diabetes.

Similarly, periodontitis is associated with cardiovascular disease and its compli-
cations including ischemia, atherosclerosis, myocardial infarction and stroke.
A study by Slade and colleagues found both a relationship between periodontitis
and elevated serum C- reactive protein levels (systemic marker of inflammation and
documented risk factor for cardiovascular disease) as well as a relationship among
body mass index, periodontitis and CRP concentrations (Slade et al. 2003). Hung
and colleagues evaluated the association between baseline number of teeth and inci-
dent tooth loss and peripheral arterial disease. They determined that incident tooth
loss was significantly associated with PAD, particularly among men with periodon-
tal disease potentially implying an oral infection-inflammation pathway (Hund et al.
2003). The same group of researchers used the population enrolled in the Health
Professionals’ Follow-Up Study (41,000 men free of cardiovascular disease and
diabetes at baseline) to assess the relationship between tooth loss and periodontal
disease and ischemic stroke. Controlling for a wide range of factors including smok-
ing, obesity, and dietary factors, the researchers found a “modest” Association
between baseline periodontal disease history and ischemic stroke (Joshipura et al.
2003). As early as 1993 DeStefano and colleagues found that among 9760 subjects,
those with periodontitis had a 25% increased risk of coronary heart disease relative
to those without. The association was particularly high among young men. The
authors questioned whether the association was causal or not, suggesting that it
might be a more general indicator of personal hygiene and possibly health care
practices (DeStefano et al. 1993). In 2000 Wu and colleagues used data from the
First National Health and Nutrition Examination Survey and its Epidemiologic
Follow-Up Study to examine the association between periodontal disease and
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cerebrovascular accidents. The study found that periodontitis was a significant risk
factor for total CVA, in particular, for non-hemorrhagic stroke (Wu et al. 2000).

In addition to diabetes and coronary artery disease, associations have been found
between periodontal disease and rheumatoid arthritis and respiratory disease. This
is not surprising given the role of periodontal disease in the production of
inflammation related proteins. Dissick and colleagues conducted a pilot study of the
associate ion between periodontitis and rheumatoid arthritis using multivariate
regression and chi square tests. They found that periodontitis was more prevalent in
patients with theumatoid arthritis than in the control group and that patients who
were seropositive for rheumatoid factor were more likely to have moderate to severe
periodontitis than patients who were RF negative and also that patients who were
positive for anti-cyclic citrullinated peptide antibodies were more likely to have
moderate to severe periodontitis (Redman et al. 2010). Paju and Scannapeico inves-
tigated the association among oral biofilms, periodontitis and pulmonary infections.
They noted that periodontitis seems to influence the incidence of pulmonary infec-
tions, particularly nosocomial pneumonia in high-risk subjects and that improved
oral hygiene has been shown to reduce the occurrence of nosocomial pneumonia.
They found that oral colonization by potential respiratory pathogens, for possibly
fostered by periodontitis and possibly by bacteria specific to the oral cavity contrib-
ute to pulmonary infections (Paju and Scannapeico 2007).

4.1.1.4 Implications for Health Policy

The implications for these findings are profound. Professionally, they suggest that
managing patients with chronic illness and periodontal disease will require team-
work and a deeper knowledge base for dentists and for physicians (Mealey and Rose
2008). Dentists will need to be alert for early signs of chronic illness among their
patients and physicians will need to be alert for signs of dental disease. Both will
need to consider wider treatment options than their specialty indicates. Dentistry
and medicine have operated as professional silos in the past. The relationship
between dental disease and chronic medical conditions suggests that continued sep-
aration is detrimental to patient centered care.

Beyond treatment implications, there are extremely important health policy con-
cerns. If treatment of periodontitis and other dental problems leads to reduced inci-
dence of chronic illness, fewer complications from chronic diseases and reduced
morbidity among chronically ill patients, increased access to dental services could
significantly reduce health care costs.

The diseases associated with periodontitis are among the most common illnesses,
the fastest growing and the most expensive diseases that we treat. A recent Robert
Wood Johnson report notes that approximately 141 million Americans have one or
more chronic conditions, that the number of people with chronic conditions is
expected to increase by 1% per year for the foreseeable future and that the most
common chronic conditions include hypertension, disorders of lipid metabolism,
upper respiratory disease, joint disorders, heart disease, diabetes, cardiovascular dis-
orders, asthma and chronic respiratory infections (Anderson 2010) (see Fig. 4.1).
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Percentage of Non-Institutionalized People With Specific Chronic Conditions, All Ages
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Fig. 4.1 Most common chronic US illnesses. Anderson (2010) (Copyright 2010. Robert Wood
Johnson Foundation. Used with permission from the Robert Wood Johnson Foundation)

One in four Americans has multiple chronic conditions. Ninety-one percent of
adults aged 65 and older have at least one chronic condition and 73% have two or
more of them (Anderson 2010). People with chronic conditions account for 84% of
all healthcare spending. Seventy eight percent of private health insurance spending
is attributable to the 48% of privately insured persons with chronic conditions.
Seventy three percent of healthcare spending for the uninsured is for care received
by the one third of uninsured people who have chronic conditions. Seventy nine
percent of Medicaid spending goes to care for the 40% of non-institutionalized
beneficiaries who have chronic conditions (Anderson 2010) (see Fig. 4.2).

Further, health care spending increases with the number of chronic conditions
(Anderson 2010) (see Fig. 4.3). More than three fifths of healthcare spending (two
thirds of Medicare spending) goes to care for people with multiple chronic condi-
tions. Those with multiple chronic conditions are more likely to be hospitalized, fill
more prescriptions, and have more physician visits (Anderson 2010).

In 2002 the American Diabetes Association estimated direct medical expendi-
tures for diabetes at $91.8 billion: $23.2 billion for diabetes care, $24.6 billion for
chronic complications and $44.1 billion for excess prevalence of general medical
conditions. Approximately 52% of direct medical expenditures were incurred by
people over 65. Indirect expenditures included lost workdays, restricted produc-
tivity mortality and permanent disability — a total of $39.8 billion. All told, dia-
betes was found to be responsible for $160 billion of $865 billion in total



174 S. Foreman et al.

Uninsured

Privately insured

Medicaid beneficiaries

Ages 65+ with Medicare &

) 98%
supplemental insurance

Ages 65+ with Medicare

& Medicaid 100%
Ages 65+ with Medicare only 97%
0 20 40 60 80 100

Fig. 4.2 Percentage of healthcare spending for individuals with chronic conditions by type of
insurance — 2006. Anderson (2010) (Copyright 2010. Robert Wood Johnson Foundation. Used
with permission from the Robert Wood Johnson Foundation)
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expenditures. Per capita medical expenditures totaled $13,000 annually for peo-
ple with diabetes and $2600 for people without diabetes (Hogan et al. 2002).
More recently, Dall and colleagues estimated that the US national economic
burden of prediabetes and diabetes had reached $218 billion in 2007, $153 mil-
lion in higher medical costs and $65 billion in reduced productivity. Annual cost
per case was estimated at $2,900 for undiagnosed diabetes and 10,000 for type 2
diabetes (Dall et al. 2010).

The costs of caring for people with diabetes have risen both because the num-
bers of diabetics has been increasing and because the per capita costs of care
have increased. The number of diabetics increased from 5.8 million on 1980 to
14.7 million in 2004 (Ashkenazy and Abrahamson 2006). A recent report by the
UnitedHealth Group Center for Health Reform & Modernization provides a dire
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estimation — that more than 50% of adult Americans could have diabetes (15%) or
prediabetes (37%) by 2020 at a cost of $3.35 trillion over the decade. This compares
with current estimates of 12% of the population with diabetes and 28% with predia-
betes, or 40%. These estimates conclude that diabetes and prediabetes will account
for 10% of total healthcare spending in 2020 at an annual cost of $500 billion, up
from an estimated $194 billion in 2010 (UnitedHealth Center for Health Reform
and Modernization 2010). Average annual spending over the next decade by payer
type is $103 billion for private health insurance, $204 billion for Medicare, $11 bil-
lion for Medicaid and $16.6 billion for the uninsured.

What about cardiovascular disease and rheumatoid arthritis? Among the top ten
health conditions requiring treatment for Medicare beneficiaries in 2006 approximately
50% of beneficiaries suffered from hypertension, 25% from heart conditions, 33% had
hyperlipidemia 24% had COPD, 23% had osteoarthritis and 22% had diabetes (Thorpe
et al. 2010). The American Heart Association estimates the 2010 cost of cardiovascu-
lar disease and stroke to be $324 billion in direct expenditures and $41.7 billion for
productivity losses due to morbidity and $137.4 billion in lost productivity due to mor-
tality (present value of lost wages at 3%) (Lloyd-Jones et al. 2010). The Centers for
Disease Control estimates that during 20072009 50 million Americans had self-
reported doctor diagnosed arthritis, 21 million of them with activity limitations (Cheng
et al. 2010). Cisternas and colleagues estimated that total expenditures by US adults
with arthritis increased from $252 billion in 1997 to $353 billion in 2005. Most of the
increase was attributable to people who had co-occurring chronic conditions (Cisternas
et al. 2009). The Cisternas study appears to aggregate all medical care expenditures by
people with arthritis (which would include expenditures to treat diabetes and car-
diovascular disease). An earlier CDC study focused on the direct and indirect costs
in 2003 attributable to arthritis that estimated $80.8 billion in direct costs (medical
expenditures) and $47 billion in indirect costs (lost earnings) (Yelin et al. 2007).

In short, current cost estimates for direct health care expenditures (excluding
productivity losses) related to diabetes are approximately $190 billion, for cardio-
vascular treatment, $324 billion, and for rheumatoid arthritis, approximately $111
billion (estimating that the $80.8 billion in 2003 costs have grown approximately
6% per year), a total of $625 billion of the $2.6 trillion that will be spent in the US
in 2010. Moreover, given current growth in the prevalence of diabetes, the
UnitedHealth estimate of $500 million in 2020 spending for diabetes alone is not
unreasonable. If health care costs attributable to diabetes, cardiovascular disease
and rheumatoid arthritis only increase by 100% over the next decade (even given
added demand produced by the aging baby boomer population), annual costs of
these chronic diseases will exceed $1.2 trillion in 2020.

If we use the UnitedHealth estimates for the proportions of diabetes costs paid by
private insurance (48%), Medicare (38%), Medicaid (6%) and the uninsured (8%)
and estimate total costs based on the 2010 studies projecting a 50% increase in
5 years and a 100% increase in 10 years we can obtain an estimate of future costs
for treating diabetes, cardiovascular disease and arthritis. Table 4.1 set forth below,
summarizes these cost estimates. By 2020 Medicare costs for these chronic illnesses
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Table 4.1 US Medical care cost estimates for diabetes, cardiovascular disease and arthritis
(millions of dollars)

2010 2015 2020
Diabetes 190 285 380
Cardiovascular 324 486 648
Arthritis 111 167 222
Total $625 $938 $1,250
Private 0.48 300 450 600
Medicare 0.38 238 356 475
Medicaid 0.06 38 56 75
Uninsured 0.08 50 75 100

would be approximately $475 billion. The estimated costs to Medicaid will be
approximately $75 billion. The costs for the uninsured will be approximately $100
billion. Any intervention that has the potential to substantially reduce these costs
will produce meaningful results.

Unfortunately, even though there had been a substantial numbers of studies that
show relationships between dental disease and chronic illness that are have been
very few studies that actually test whether improved dental treatment reduces the
incidence of chronic illness and complications due to chronic illness. The potential
for large health care cost savings through an active and aggressive program of dental
care is so large that such studies are clearly indicated.

4.1.1.5 Potential Benefits of an Aggressive Dental Treatment Plan

Suppose, for example, that 10% of all medical care costs required to treat diabetes,
cardiovascular disease and arthritis could be avoided through an active aggressive
program of dental care.* What this would mean is that in 2020 private health insur-
ers could see a $60 billion reduction in healthcare costs, Medicare would see a
$47.5 billion reduction and Medicaid pay $7.5 billion reduction. Recent health
reform has provided for the issuance of health insurance to the uninsured by state
exchanges. Aggressive dental care that saved 10% of costs attributable to diabetes,
cardiovascular disease and arthritis could save the exchanges $10 billion per year.
And, if greater proportions of costs can be saved or if the 2020 estimates of costs are
low, potential benefits will be even larger. Once again, it would be important to
know whether aggressive dental care could produce such savings and how much.

“Ide and colleagues found that people who were treated for periodontitis incurred 21% higher
health care costs than those who were free of periodontal disease (Ide et al. 2007). Similarly,
Albert, et al., found medical costs associated with diabetes, cardiovascular disease and cerebrovas-
cular disease were significantly higher for enrollees who were treated for periodontitis than for
other dental conditions (Albert et al. 2006). Additional studies of this nature would be important to
support a measured approach to expanding dental coverage.
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4.1.1.6 Costs of an Aggressive Dental Treatment Plan

So what do we mean by an aggressive dental treatment plan? Suppose we were to
provide dental insurance to all Medicare beneficiaries at the level of current private
dental insurance coverage and strongly encourage beneficiaries to receive dental
treatment. Suppose we were to provide for Medicaid payment for all beneficiaries
at the level of current private dental insurance coverage. Suppose health care insurers
provided dental coverage in order to reduce their costs and that such coverage was
consistent with current private dental insurance coverage. Suppose health insurance
companies, understanding the benefits from dental care, were to require their private
employer customers to cover the costs of dental care. How much would all of this
cost? How would it compare to the benefits that may be available?

In order to estimate the potential costs of providing enhanced coverage for dental
care we start use the CMS estimates of national health care spending for dental ser-
vices and Statistical Abstract of the US estimates for Medicare enrollment, Medicaid
enrollment, private health insurance enrollment and uninsured persons. Based on the
estimate that half of private employers with health insurance provided dental insur-
ance coverage we estimate that of the private health insurance enrollment one half
would have dental insurance coverage and one half would not. Table 4.2 sets forth
the national health care expenditures for dental services in millions and enrollment
in private dental plans, Medicare, Medicaid, the uninsured without health insurance
and dental insurance, the uninsured with health insurance and dual eligibles.

From this we derive a cost per enrollee for private dental insurance, Medicare
dental benefits and Medicaid dental benefits. Table 4.2 also sets forth the calcula-
tions for 2000-2009. For example, per beneficiary costs in 2009 for private health
dental insurance was $494.66. As expected given the lack of Medicare coverage and
the low level of Medicaid coverage, per beneficiary expenditures in 2009 were $6.73
for Medicare beneficiaries and $146.75 for Medicaid beneficiaries.

In order to estimate the annual cost of providing full dental coverage to Medicare
beneficiaries we subtracted dual eligibles (who receive some dental insurance) from
total Medicare enrollees to determine the number of persons who would need cover-
age. In our 2009 example there were 43 million Medicare beneficiaries including 9
million dual eligibles. Accordingly, the estimates would cover the 34 million
Medicare beneficiaries that are not dual eligible at a cost equal to the per capita cost
of private dental insurance ($494.66) less amounts that Medicare is already paying
for dental services ($6.73 per person). The result provides an estimate of the cost of
covering all Medicare beneficiaries for dental services at a level equivalent to pri-
vate health insurance. Using the 2009 example the cost of providing full dental
insurance coverage to Medicare beneficiaries would have been $16.6 billion.

In addition, we used the CMS national health expenditure figures to determine
administrative costs for private health insurance, Medicare and Medicaid as a per-
centage of program expenditures for medical care. We found that the administrative
costs of the Medicare program were 6.2% on average for 1966-2009. In order to
fully estimate the cost of Medicare dental coverage we added 6.2% to the cost
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estimates. In 2009, for example the added cost of providing full dental insurance
coverage to 34 million Medicaid beneficiaries would have been $17.6 billion.

Similarly, we calculated the per person cost of bringing Medicaid payment for
dental services up to the level of private dental insurance. To do this we deducted the
per capita amounts provided to Medicaid beneficiaries for dental services from
the amounts paid on behalf of private health insurance beneficiaries and multiplied
the difference by the number of Medicaid beneficiaries in the US. For example, in
2009 there were 48.7 million Medicaid beneficiaries. The cost of upgrading their
dental insurance benefits which have been 48.7 million times $494.66 less $146.75
or $16.9 billion. After adding administrative costs of 7.6% the cost of upgrading
Medicaid to private insurance levels in 2009 would have been $18.2 billion.

Health insurers will be in the same position as Medicare and Medicaid regarding
dental coverage. If quality dental coverage saves health care costs attributable to
diabetes, cardiovascular disease and rheumatoid arthritis then the exchanges will
have an incentive to provide quality dental coverage to reduce costs. Accordingly,
we estimated the cost of providing dental coverage equivalent to private dental
insurance coverage through the exchanges. Again we assume that the costs of such
coverage will be equivalent to the number of uninsured persons multiplied by the
annual per capita cost of coverage.’ For the 2009 example, this would reflect cover-
age for 52 million people at $494.66 per person, a total of $24.9 billion. With admin-
istrative costs, the cost of providing dental insurance coverage to the uninsured at a
level equivalent to private dental coverage would be $26.8 billion.

Finally, given the evidence that improved dental care has the potential to reduce
health care costs private health insurers may wish to expand health insurance to
cover dental care.® Here, we estimate the cost of providing dental insurance to the
50% of the workforce whose employers currently do not provide dental insurance
benefits. Once again, we multiply the number of covered lives by the estimated
annual per capita cost. For the 2009 example we estimate 101 million adults will
receive dental coverage at $495 per person: $50 billion for dental services and $3.8
billion for administrative costs or a total of $53.8 billion.

Of course, as noted a number of times above, these estimates are based on pro-
viding full “universal” dental insurance coverage at levels equivalent to current ben-
efit levels for private dental insurance. It may be that an appropriate package of
dental services that deals specifically with periodontitis can be provided for less
than the full cost of private dental insurance. Once again, further research should
provide better information.’

SThe health reform law does not attempt to provide coverage to all 52 million people without health
insurance. Estimates are that only 31 million people will be covered by the bill. Even though this
is the case we prepare our estimates using all 52 million uninsured Americans.

‘Indeed, the failure of 50% of employers to cover dental services may well constitute a classic
externality in the market for health insurance. Internalizing this externality may well provide better
efficiency.

Itis also possible that dental care for persons with greater incidence of chronic illness as is the
case with Medicare beneficiaries may require even higher levels of spending per beneficiary.
Again, it would be good to know scientifically if this is the case.
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Table 4.3 Estimated medical care costs, expanded dental coverage costs and percent of medical
costs that would need to be saved to justify coverage

Medical care costs Insurance costs Percent medical
Private 300 53.8 17.9%
Medicare 238 17.6 7.4%
Medicaid 38 18.2 48.5%
Uninsured 50 26.8 53.6%

4.1.1.7 Comparing Costs and Benefits

As noted in Sect. 6 above, 2010 costs for diabetes, cardiovascular disease and arthritis
will be $300 billion for private health insurance, $238 billion for Medicare, $38 billion
for Medicaid and $50 billion for the uninsured. Costs of providing “full” dental cover-
age will be $17.6 billion for Medicare, $18.2 billion for Medicaid, $26.8 billion for the
uninsured and $53.8 billion for private health insurance. Given this, if 7.4% or more of
the Medicare costs can be “saved” through improved dental care, Medicaid dental
insurance will pay for itself and will provide a positive return on investment. See
Table 4.3. Similarly, private health insurers could justify providing dental insurance
coverage to employees who do not have it so long as they spend 17.9% or more of their
chronic care costs for diabetes, cardiovascular disease and arthritis. On the other hand,
it would appear that Medicaid expansion would require cost savings of approximately
48% and that health care insurance coverage of the uninsured would require savings of
approximately 54% in order to justify coverage. While it is possible, it may not be
likely that full dental coverage would be justified for these programs.

Of course, these estimates do not consider indirect costs in the form of lost wages
or premature death. These costs are externalities to the health insurance programs.
To the extent that they represent a social benefit that a national dental insurance
program might internalize, it would be appropriate to consider their impact in the
cost-benefit analysis.

In any event, better understanding of the potential for deriving savings in health
insurance costs related to chronic diseases like diabetes, cardiovascular disease and
arthritis would be crucial to any determination whether to expand insurance cover-
age for dental care.

4.1.1.8 Expanded Dental Insurance Coverage

Heretofore the case for expanding Medicare coverage to include dental care has
taken the form of “benefit” to patients rather than benefit to health insurance pro-
grams and society and has been cast in emotional and political terms. For example,
Oral Health America grades “America’s commitment to providing oral health access
to the elderly” (Oral Health America 2003). In truth, there is no American commit-
ment to providing oral health access to any age group, much less the elderly.
Rubenstein notes that “at least one commentator has suggested that the dental pro-
fession should join with senior citizen groups when the time is right to ask Congress
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to expand Medicare to cover oral health” (Rubenstein 2005). Rubenstein emphasizes
that “calls for action” are “mere words” unless they are accompanied by political
actions that health policy professionals and the dental profession must help promote
(Rubenstein 2005). Another commentator has suggested that “as soon as the debate
over Medicare prescription drug coverage and, the debate to provide dental care
coverage for the elderly may soon begin” (Manski 2001). Rubenstein, again sug-
gests that “the dental community must convince Americans, and particularly aging
boomers, that oral health is integral to all health, and for that reason, retiree dental
benefits are an important issue”.

In truth, a decade of deficit spending and public distaste for out of control pro-
gram costs in the Medicare and Medicaid programs as well as the unpopularity of the
process that was used to provide Medicare prescription drug coverage (with per-
ceived abuses by the health insurance and drug lobbies) and national health reform
makes it unlikely that the public would be willing to approve expansions in insurance
coverage for dental care “for its own sake” or “as the right thing” or to “benefit
seniors.” What this political climate has produced is an arena in which a good idea
that could provide appropriate return on investment for society might well be rejected
out of hand based on political history of health insurance coverage. As a result, it is
incumbent on policymakers, medical and dental research scientists and health econ-
omists to investigate and confirm the potential savings that expansion of dental insur-
ance coverage has the potential to produce and to develop hard evidence regarding
potential costs of the expansion prior to, not as a part of, political efforts aimed at
dental coverage expansion. A responsible, well informed effort to expand dental
coverage may well go far to restore public confidence in the health policy process.

4.1.2 Economics of Clinical Data Integration

Joseph Kilsdonk and Kelly Boggs

4.1.2.1 Introduction

The adage of “putting your money where your mouth is” is often referenced when
being challenged about public statements or claims. In this instance, we use it liter-
ally. In 2008 health care costs in US were $2.2 Trillion. There have been numerous
reports on health disparities, the burden of chronic diseases, increasing healthcare
costs and the need for change. Long-term economic benefits associated with the
cost of care are dependent upon integrating oral health with medicine. This is par-
ticularly true as it relates to the management of those conditions which impact the
economics of healthcare the most. As examples, 96% of Medicare costs and 83% of
Medicaid costs are in managing chronic health conditions (Partnership for Solutions
National Program Office 2004). More than 40% of the U.S. population has one or
more chronic condition (Cartwright-Smith 2011) and in 2006, 76% of Medicare
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spending was on patients with five or more chronic diseases (Swartz 2011). Effective
management of health care resources and information are critical to the economic
well-being of our healthcare system. We can no longer afford to manage care in
isolation. Integration of care between medicine and dentistry holds much promise in
terms of reducing the cost of care and an integrated Medical-Dental Electronic
Healthcare Record GEHR) is the vehicle that will lead to downstream cost savings.

4.1.2.2 The Economics of Integrated Decision Making

In the United States the Center for Medicare & Medicaid Services (CMS) has con-
ducted demonstration projects around chronic disease management. Section 121 of
the Benefits Improvement and Protection Act of 2000 mandated CMS to conduct a
disease management demonstration project. April 1, 2005, as an effort to reduce the
cost of care and improve quality associated with chronic diseases, CMS partnered
with ten premier health systems to effectively manage chronic diseases in a Medicare
Physician Group Practice Demonstration (PGP). It was the first pay-for-performance
initiative for physicians under the Medicare program (Center for Medicare and
Medicaid Services 2010). It involved giving additional payments to providers based
on practice efficiency and improved management of chronically ill patients.
Participants included ten multispecialty group practices nationwide, with a total of
more than 5,000 physicians, who care for more than 200,000 Medicare beneficiaries
(Frieden 2006). The chronic diseases that were targeted were based on occurrence in
the population and included diabetes, heart failure, coronary artery disease, and
hypertension (Frieden 2006). The partners CMS selected were; Billings Clinic,
Billings, Montana Dartmouth-Hitchcock Clinic, Bedford, New Hampshire; The
Everett Clinic, Everett, Washington; Forsyth Medical Group, Winston-Salem, North
Carolina; Geisinger Health System, Danville, Pennsylvania; Marshfield Clinic,
Marshfield, Wisconsin; Middlesex Health System, Middletown, Connecticut; Park
Nicollet Health Services, St. Louis Park, Minnesota; St. John’s Health System,
Springfield, Missouri; University of Michigan Faculty Group Practice, Ann Arbor,
Michigan. Under the PGP, physician groups continued to be paid under regular
Medicare fee schedules and had the opportunity to share in savings from enhance-
ments in patient care management. Physician groups could earn performance pay-
ments which were divided between cost efficiency for generating savings and
performance on 32 quality measures phased in during the demonstration as follows:
year 1, 10 measures, year 2, 27 measures and years 3 and 4 having 32 quality mea-
sures. For each of the 4 years only the University of Michigan Faculty Group Practice
and Marshfield Clinic, earned performance payments for improving the quality and
cost efficiency of care. A large part of the success of this project was attributed to
being able to extract, evaluate, and monitor key clinical data associated with the spe-
cific disease and to manage that data through an electronic health record (Table 4.4).

During the third year of the demonstration project Marshfield Clinic, using a
robust electronic health record succeeded in saving CMS $23 million dollars; that’s
one clinic system in 1 year. As a result of such demonstration projects and as of this
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Table 4.4 A table of the quality measures from the PGP initiative

Diabetes mellitus Congestive heart failure ~ Coronary artery disease Preventive care
HbAIc management Left ventricular function  Antiplatelet therapy Blood pressure
assessment screening
HbA Ic control Left ventricular ejection  Drug therapy for lowering Blood pressure
fraction testing LDL cholesterol control
Blood pressure Weight management Beta-Clocker therapy — Blood pressure
management prior MI control plan
of care
Lipid measurement ~ Blood pressure screening Blood pressure Breast cancer
screening
LDL cholesterol Patient education Lipid profile Colorectal cancer
level screening
Urine protein testing  Beta-blocker therapy LDL cholesterol level
Eye exam Ace inhibitor therapy Ace inhibitor therapy
Foot exam Warfarin therapy for

patients HF
Influenza vaccination Influenza vaccination

Pneumonia Pneumonia vaccination
vaccination

writing, CMS is looking to establish Accountable Care Organization’s as the medi-
cal front runners to new care delivery methods for quality and cost control.
Accountable Care Organization (ACO) is a term used to describe partnerships
between healthcare providers to establish accountability and improved outcomes
for the patients. In a CMS workshop on October 5, 2010, Don Berwick, the admin-
istrator of CMS, stated “An ACO will put the patient and family at the center of all
its activities...” An emerging model of an ACO is the patient-centered medical
home (PCMH). PCMH is at the center of many demonstration projects. ACOs were
derived from studies piloted by CMS. Since funds provided by CMS, do not cover
routine dental care as part of the patient management or quality and cost objectives
CMS ACO studies are limited if they become models for the PCMH, due to the
exclusion of dental.

More recently, organizations representing the major primary care specialties —
the American Academy of Family Practice, the American Academy of Pediatrics,
the American Osteopathic Association, and the American College of Physicians —
have worked together to develop and endorse the concept of the “patient-centered
medical home,” a practice model that would more effectively support the core func-
tions of primary care and the management of chronic disease (Fisher 2008). In 2011
Geisinger Health System, Kaiser Permanente, Mayo Clinic, Intermountain
Healthcare and Group Health Cooperative announced they will be creating a project
called the Care Connectivity Consortium. This project is intended to exchange
patient information. Although progressive in their approach their project does not
include dental.
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These benefits however, are yet to be adapted in the arena of oral health. As of
this writing, dentistry remains largely separate from medical reimbursement mecha-
nisms such as shared billing, integrated consults, diagnosis, shared problem lists,
and government coverage. For example, CMS does not cover routine dental care.
Dentistry is also working to establish its own “dental home” with patients. However
to reap the economic benefits of integrated care, a primary care “medical-dental”
home is what needs to be created.

According to an Institute of Oral Health Report (2010) it is widely accepted across
the dental profession that oral health has a direct impact on systemic health, and
increasingly, medical and dental care providers are building to bridge relationships
that create treatment solutions. The case for medical and dental professionals’ co-
managing patients has been suggested for almost the past century, in 1926 William
Gies reported that “The frequency of periodic examination gives dentists exceptional
opportunity to note early signs of many types of illnesses outside the domain of den-
tistry” (Gies 1926). As described by Dr. Richard Nagelberg, DDS “The convergence
of dental and medical care is underway. Our patients will be the beneficiaries of this
trend. For too long, we have provided dental care in a bubble, practicing — to a large
degree — apart from other health-care providers. Even when we consulted with our
medical colleagues, it was to find out if premedication was necessary, get clearance
for treatment of a medically compromised patient, or find out the HbAlc level of a
diabetic individual, rather than providing true patient co-management. We have
made diagnoses and provided treatments without the benefit of tests, reports, met-
rics, and other information that predict the likelihood of disease development and
progression, as well as favorable treatment outcomes. We have practiced in this man-
ner not due to negligence, but because of the limitations of tools that were available
to us” (Nagelberg 2011). Integrated medical/dental records need to be a tool in a
providers’ toolbox. In the case of Marshfield Clinic, dental was not included in their
past CMS demonstration project as dental is not a CMS covered benefit, and thus not
part of the demonstration. However, as a leader in healthcare, the Marshfield Clinic
recognizes the importance of data integration for both increased quality and cost sav-
ings. “Marshfield Clinic believes the best health care comes from an integrated den-
tal/medical approach,” said Michael Murphy, director, Business Development for
Cattails Software. Integration enhances communication between providers and can
ultimately lead to better management of complex diseases with oral-systemic con-
nection, avoidance of medical errors, and improved public health.

While the CMS PGP and other demonstration projects along with independent
studies have shown to improve quality and reduce costs through integration, greater
results may be afforded if studies are not done in isolation from dental data. In fact,
if healthcare does not find a way to manage the systemic nature of the 120 patho-
gens known to the oral cavity the economic impact and cost savings around chronic
disease management will hit a ceiling. The economic opportunity of having clinical
data for integrated decision making is readily identified by the insurance industry.
The effective management of clinical data around chronic and systemic oral and
medical disease as part of an iEHR is the greatest healthcare cost savings opportu-
nity associated with such a tool.
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4.1.2.3 Insurance Industry Studies Show the Way

The insurance industry sustains itself through risk management [obtaining best out-
comes] using actuarial analysis [data] and controlling costs [reduction of costs] in
order to ensure coverage [profitability]. As such they have pursued the economic
and outcome benefits of integrated medical — dental clinical decision making. As an
example, in 2009 there was a study conducted by the University of Michigan, com-
missioned by the Blue Cross Blue Shield of Michigan Foundation (2009), the study
included 21,000 Blue Cross Blue Shield of Michigan members diagnosed with dia-
betes who had access to dental care, and had continuous coverage for at least 1 year.
With regular periodontal care, it was observed diabetes related medical costs were
reduced by 10%. When compounding chronic health complications were also exam-
ined, the study showed a 20% reduction in cost related to the treatment of cardiovas-
cular disease in patients with diabetes and heart disease. A 30% reduction in cost
related to treatment of kidney disease for patients with diabetes and kidney disease.
And a 40% reduction in costs related to treating congestive heart failure for patients
with diabetes and congestive heart failure. According to a joint statement by lead
researchers, and Blue Cross Blue Shield of Michigan executives, “Our results are
consistent with an emerging body of evidence that periodontal disease...it addresses
quality of care and health care costs for all Michigan residents.”

Also, at the Institute for Oral Health conference in November 2007 Joseph Errante,
D.D.S., Vice President, Blue Cross Blue Shield of MA reported that 2003 Blue Cross
Blue Shield of Massachusetts claims data showed medical costs for diabetics who
accessed dental care for prevention and periodontal services averaged $558/month,
while medical costs for diabetics who didn’t get dental care were about $702/month
(Errante 2007). Similarly insured individuals with cardiovascular diseases who
accessed dental care had lower medical costs, $238/month lower than people who did
not seek dental treatment (Errante 2007). The cost is $144 less per visit for those
diabetics who accessed prevention and periodontal services. Those savings could be
translated into access to care or additional benefits for more individuals.

In the case of neonatal health there is similar research. Over 12% of all births in
the U.S. are delivered preterm, with many infants at risk of birth defects (Martin
et al. 2009). According to a January 2006 statement issued by Cigna, announcing
their CIGNA Oral Health Maternity Program, “the program was launched in
response to mounting research indicating an increased probability of preterm birth
for those with gum disease. These research-based, value-added programs are
designed to help improve outcomes and reduce expense” (CIGNA 2006). The pro-
gram was initially designed to offer extended dental benefits free of charge to mem-
bers who were expecting mothers, citing “research supporting the negative and costly
impact periodontal disease has on both mother and baby.” According to research
cited by CIGNA, expecting mothers with chronic periodontal disease during the
second trimester are seven times more likely to deliver preterm (before 37th week),
and the costs associated with treating premature newborns is an average of 15 times
more during their first year, and premature newborns have dramatically more health-
care challenges throughout their life. CIGNA also cited the correlation between
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periodontal disease and low birth weight, pre-eclampsia, gestational diabetes as
additional rationale to support extended dental benefits to expecting mothers. Six
months later CIGNA initiated Well Aware for Better Health, an extended benefits
free of charge program for diabetic and cardiovascular disease patients aimed at
“turning evidence into action by enhancing dental benefits for participants in dis-
ease management” programs. It is interesting to note, not only does CIGNA offer
extended dental benefit to targeted groups, they also reimburse members for any
out-of-pocket expenses associated to their dental care (co-pays, etc.)

In 2006, Columbia University researchers conducted a 2-year retrospective study
of 116,306 Aetna PPO members with continuous medical and dental insurance,
exhibiting one of three chronic conditions (diabetes mellitus, coronary artery dis-
ease, and cerebrovascular disease) (Aetna 2008). Researchers found members who
received periodontal treatments incurred higher initial per member per month medi-
cal costs, but ultimately achieved significantly lower health screening (Episode Risk
Group/ERG) risk scores than peers receiving little or no dental care. Convinced by
the data and understanding lower risk scores ultimately leads to healthier people and
cost savings, Aetna initiated the Dental/Medical Integration (DMI) Program in 2006.
Aetna’s DMI program offers enhanced benefits in the form of free-of-charge extended
benefit dental care to Aetna’s 37.2 million Indemnity, PPO and Managed Choice
medical plan members, specifically targeting members deemed at-risk, including
those who are pregnant, diabetic, and/or have cardiovascular disease and have not
been to a dentist in 1 year As a result of various outreach methods during the pilot,
63% of at-risk members who had not been to a dentist in the previous 12 months,
sought dental care (Aetna 2008). “The findings from this latest study we conducted
continue to show that members with certain conditions who are engaged in seeking
preventive care, such as regular dental visits, can improve their overall health and
quality of life,” said Alan Hirschberg, head of Aetna Dental (Aetna 2008).

Delta Dental of Wisconsin understands the connection between oral and systemic
health and has created a program that is designed to offer members with certain
chronic health conditions the opportunity to gain additional benefits. More than 2,000
groups now offer Delta Dental of Wisconsin’s Evidence-Based Integrated Care Plan
(EBICP) option (Delta Dental of Wisconsin 2011). EBICP provides expanded bene-
fits for persons with diseases and medical conditions that have oral health implica-
tions. These benefits include increased frequency of cleanings and/or applications of
topical fluoride. They address the unique oral health challenges faced by persons
with these conditions, and can also play an important role in the management of an
individual’s medical condition. EBICP offers additional cleanings and topical fluo-
ride application for persons who are undergoing cancer treatment involving radiation
and/or chemotherapy, persons with prior surgical or nonsurgical treatment of peri-
odontal disease and persons with suppressed immune systems. The EBIC offers addi-
tional cleanings for persons with diabetes and those with risk factors for IE, persons
with kidney failure or who are on dialysis and for women who are pregnant.

The iEHR provides the insurance industry in partnership with the healthcare
industry an integrated tool to facilitate these health and subsequently economic out-
comes across medicine and dentistry.
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4.1.2.4 Economic Benefits of Increased Efficiency
and Patient Safety Through iEHR

In addition to the anticipated savings through better outcomes using integrated clinical
data, an example of a positive economic outcome associated with an integrated record
as related to increased efficiency and patient safety is found in the United States
Veterans Administration (VA) hospitals and clinics. The VA is one of the few institu-
tions that have implemented the shared electronic medical-dental record successfully.
The VA has the ability to be the “one stop shop” for their patients. An April 2010 press
release published on the Department of Veterans Affairs website highlighted the suc-
cess of VA’s health information technology in terms of cost reductions and “improve-
ments in quality, safety, and patient satisfaction” (Department of Veterans Affairs
2010). The press release spotlighted a recent study conducted by the public health
journal, Health Affairs, which focused on VA’s health IT investment from 1997 to
2007. The study confirmed that while VA has spent $4 billion on their technology
initiative, a conservative estimate of cost savings was more than $7 billion. After sub-
tracting the expense of the IT investment, there was a net savings of $3 billion for the
VA during the 10 years covered by the study (McBride 2011). Furthermore, the study
estimated that “more than 86 percent of the savings were due to eliminating dupli-
cated tests and reducing medical errors. The rest of the savings came from lower
operating expenses and reduced workload.” Independent studies show that the VA
system does better on many measures, especially preventive services and chronic care,
than the private sector and Medicare. VA officials say “its [integrated] technology has
helped cut down hospitalizations and helped patients live longer” (Zhang 2009).

Recently, the Journal of Obstetrics and Gynecology reported on a tragic loss of life
due to the systemic nature of oral health. A study found oral bacteria called
Fusobacterium nucleatum was the likely culprit in infecting a 35-year-old woman’s
fetus through her bloodstream (Carroll 2010). The doctors determined that the same
strain of oral bacteria found in the woman’s mouth was in the deceased baby’s stomach
and lungs. Integrated records would provide critical data to the Obstetrician including
oral health issues and when the patient had her last dental exam. How does one mea-
sure the economic impact of a life not lived and another derailed by such tragedy?

In a randomized controlled study, Lopez et al. (2005) determined that periodon-
tal therapy provided during pregnancy to women with periodontitis or gingivitis
reduced the incidence of preterm and of low birth weight. The institute of Medicine
and National Academies estimate that preterm births cost society at least $23billion
annually (Albert et al. 2011). Data integration of the iEHR enables the effective
management between the dentist and obstetrician to ensure proper periodontal ther-
apy has been provided during pregnancy. Such management based on the Lopez
et al. study, will have direct impact in reducing the prevalence per preterm births
leading to reduced health care costs.

There have also been studies indicating a correlation between poorer oral hygiene
or deficient denture hygiene and pneumonia or respiratory tract infection among
elderly people in nursing homes or hospitals (Rosenblum 2010; Ghezzi and Ship
2000; Scannapieco 2006). One such study of 141 elderly persons in two nursing
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homes in Japan (Adachi et al. 2002) concluded that “the number of bacteria silently
aspirating into the lower respiratory tract was lower in the group who received pro-
fessional oral care, which resulted in less fatal aspiration pneumonia in that group.”
Over the 24 month period of the study, of the 77 patients receiving professional oral
care, 5% died of pneumonia versus 16.7% of the 64 patients that died of the same
cause who maintained their own oral hygiene. Lack of access is certainly a key factor
to consider. However, lack of available data respective to the interrelationship between
oral health and systemic health also contributed to the apathy in these cases.

As identified above, complications are correlated to cost. As conditions compound,
costs go up. Marshfield Clinic, as part of their iEHR is creating a shared problem list
that identifies both oral and medical conditions and history to recent visits and medi-
cation lists for monitoring at point of care [be it a medical or dental visit], such cross
access to clinical data and care management milestones serves as a tool to prevent
conditions from compounding and escalating costs such as those described above.

4.1.2.5 Other Areas of Economic Impact Relative to iEHR Clinical Data

Several other areas of economic impact will be seen as iEHR’s become broadly
deployed. Some of these are listed as follows:

* Medication management. A great deal of provider and allied support time is
spent obtaining medication information between dentistry and medicine [and
vice versa] including current medications, contraindications, tolerances, etc.
Marshfield Clinic Cattails software has created a dashboard that readily identi-
fies this for both the medical and dental providers. Not is time saved but chances
for complications or escalation of conditions is reduced [both of which impact
cost]. For example an integrated record allows medical providers treating respi-
ratory infections to include or exclude oral flora as the possible source of the
infection which would lead to more knowledgeable prescribing decision on the
antibiotic used.

* Coordination of care has a direct impact on cost for the system and the patient.
For example, in 2008 55.6% of the US population aged 2 years and older that
was diagnosed diabetes had been to the dentist in the past year (Healthy People
2020 (2010)). The US government’s program Healthy People 2020 includes an
initiative to increase the proportion of people with diagnosed diabetes who have
at least an annual dental examination. The American Diabetes Association rec-
ommends that diabetic patients be seen semi-annually and more if bleeding gums
or other oral issues are present. The American Diabetes Association also recom-
mends the consultation between the dentist and doctor to decide about possible
adjustments to diabetes medicines, or to decide if an antibiotic is needed before
surgery to prevent infection. The target from the Healthy People 2020 is a 10%
improvement at 61.2%. Integrated medical/dental records could allow for the
coordination of efforts between providers to include communication of treatment
plan and services leading to quicker resolution, increased patient compliance,
and less patient time away from work or home and potentially less travel.
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» Similarly, integrated records also create a platform to integrate clinical appointing
between medicine and dentistry. As such, combative patients or severely dis-
abled patients needing anesthesia in order for care to be delivered can be treated
with one hospital sedation vs. multiple sedations. Family Health Center of
Marshfield, Inc. (FHC) Dental Clinics shares an iEHR with Marshfield Clinic
and uses it integrated scheduling feature to complete dental care, lab work, ENT
care, woman’s health, preventive studies, all in one visit.

e Follow up care management can be more focused and coordinated. For example,
without the knowledge or dental conditions, medical providers could spend
months attempting to control diabetes with periodontal disease. However, with
access to an iEHR, the practitioner or allied care manager can determine patient’s
oral health status immediately to determine possible influence of periodontal
disease.

e Similarly an iEHR with a shared patient data dashboard brings to light history
and physical examination data without having to have patients be the historian to
their physician on their last dental visit or for the dentist to have to rely on the
patient’s recall of medications or medical diagnosis. For example, if an inte-
grated record saved providers 5 min per hour of patient care, that would be 40 min
per day. Imagine giving a physician or dentist 40 min more a day. In a capitated
system, this allows for more patients to be seen in a day for roughly the same
amount of expenditure. In a production based clinic this allows more patients to
be seen and more charges per day. In either case, the investment into informatics
is covered. In an underserved area, more patients get care quicker, which creates
the opportunity for quicker resolution, which can lead to a healthier society,
which in turn may lead them back to a productive livelihood sooner.

* AniEHR results in one system for acquisition, orientation, training and support.
PC based owners who also own a Mac and Mac owners who also have to operate
a PC can relate. Need we say more? Imagine if your PC function just like a Mac
[or your Mac function just a PC]. No cross learning of software quirks. Not hav-
ing to purchase two separate units to begin with. Reduced costs, increased space.
Not having to jump from one computer to the other computer to get data from
one data from another to create a report. Not having to call two separate com-
puter companies for service or updates.

e Third Party Coordination. Having an iEHR creates a platform for interfacing
with third party payers. A common system and language for timely reimburse-
ment. In part, the result of an iEHR is driving the diagnostic coding for dentistry.
Such an integrated interface provides a tool to bridge with healthcare payors that
historically kept payment as segregated as the oral and medical health profes-
sions. The iEHR overcomes that limitation. Timely payment, consolidation of
payment, expansion of covered patient and provider benefits based on clinical
integration, and a viable system for interfacing are all potential economic bene-
fits of iEHR clinical data.

e The iEHR creates new horizons for research that will lead to cost saving discov-
eries. As example, knowing the benefits of research, Marshfield Clinic Research
Foundation (MCRF) has created an Oral and Systemic Health Research Project
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(OSHRP). The creation of OSHRP, led by Dr. Murray Brilliant, will allow MCRF
to capitalize on its existing and growing strengths in the areas of complex disease
interactions and Personalized Health Care (PHC) to advance oral health and the
health of the rest of the body. The OSHRP has three specific goals:

— Understand the connections between oral and systemic health (diabetes, heart
disease, pre-term births)

— Understand the causes of oral diseases and determine the effect of genetics,
diet, water source (well/city + fluoridation) and microbiome.

— Understand how improving oral health aids systemic health (comparative
effectiveness) and bring Personalized Health Care (PHC) to the dental arena.

e The OSHRP research resource will be unique in the nation. As MCRF has done
with other projects, it will share this resource with qualified investigators at other
academic institutions both within and outside of Wisconsin. OSHRP will advance
scientific knowledge, improve healthcare and prevention, reduce the cost of oral
healthcare, and create new economic opportunities. Such knowledge will have a
direct economic impact on the cost of care and care management.

e The iEHR creates an ability to have an integrated patient portal to comprehen-
sively maintain their health. Portals are becoming more and more popular in the
healthcare industry as a means to helping maintain compliance with care man-
agement recommendations and preventative procedures. Portals provide patents
a tool to stay up to date on their care and recommendations. Portals can take
iEHR clinical data, adapt it through programming, and provide creative visual
reinforcement for patients as they monitor their health status. The more patients
engage in owning their health status, the more preventative services are followed
through with. The more medicine and dentistry can leverage the prevention
potential [which insurance companies have come to realize] the more likely
costly conditions can be avoided.

4.1.2.6 Conclusion

The link between oral health and systemic health is well documented. The separa-
tion of dental and medical is not a sustainable model in modern healthcare delivery.
A new model of integrated care is necessary. Aristotle said, “The whole is greater
than the sum of its parts.” Increased access to combined medical and dental histories
and diagnosis at the providers’ fingertips makes vital information available. Shared
diagnosis between physicians and dentists could aid in formulating interventions
and to accelerate decision making abilities by allowing for prioritizing of medical/
dental procedures. Clinical management and treatment of the patient would be
expedited with immediate access to both records. Quality could be improved through
a complete picture of the patient through the dashboard. All of which have a direct
or indirect economic benefit.

The iEHR will be the tool that facilitates such delivery and the studies and sce-
narios described in these pages point to significant economic benefits to patients,
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payors, and providers. If increased access, multi-provider monitoring, shared
problems lists with enhanced decision making abilities from iEHR could reduce
healthcare costs. The greatest cost reduction will be with using the iEHR to manage
chronic disease. A combined dental-medical electronic record with a shared data
informatics platform is most likely to yield the best long-term economic solution
while maintaining or enhancing positive patient outcomes.

4.2 Provider Viewpoints

This section reveals viewpoints from a variety of medical and dental providers. One
section focuses on optimal use of ophthalmic imaging, which should show how that
the challenges of clinical data integration go beyond those encountered in the effort
to bring oral health and systemic health together.

4.2.1 Integration of Pediatric Medical and Pediatric Dental Care

Wendy E. Mouradian, Suzanne Boulter, Paul Casamassimo,
and Valerie J. Harvey Powell

Oral health is an important but often neglected part of overall health. Historically
separate systems of education, financing and practice in medicine and den-
tistry fuel this neglect, contributing to poorer health outcomes for vulnerable
populations such as children, while increasing costs and chances for medical
error for all patients. Advances in understanding the impact of oral health on
children’s overall health, changing disease patterns and demographic trends
strengthen the mandate for greater integration of oral and overall healthcare, as
reviewed in two recent Institute of Medicine reports (IOM 201 1a, b). The pedi-
atric population could realize substantial benefit from oral disease prevention
strategies under a coordinated system of care enhanced by integrated electronic
health records (EHR). This approach would benefit all children but especially
young children and those from low socioeconomic, minority and other disad-
vantaged groups who are at higher risk for oral disease and difficulties access-
ing dental care.

This section focuses on the pediatric population and the need for close collabora-
tion of pediatric medical and dental providers. First we consider how a child’s
developmental position and their parents’ level of understanding might affect oral
health outcomes. Next we address the importance of children’s oral health and the
urgency of seizing missed opportunities to prevent disease. We then briefly outlines
some steps to preventing early childhood oral disease utilizing some of the many
health providers that interact with families. Finally we examine one pediatric hospi-
tal’s approach to choosing an integrated EHR technology.
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Fig. 4.4 Delivering oral healthcare to a child

4.2.1.1 A Childs-Eye View of Oral Health

Children have unique characteristics which distinguish their needs from those of
adults. Children’s developmental immaturities may increase their risks for poor oral
health outcomes (Fig. 4.4). For example, a child...

May not be able to communicate pain, discomfort and other symptoms,

May not recognize a particular sensation or lesion as a symptom or sign of
disease,

May not grasp the consequences of poor oral health habits,

May not realize the consequences of consuming quantities of sugared foods or
beverages,

Likely does not realize the consequences of chronic use of sugared medications,
Does not understand the long-term consequences of early childhood caries,
Does not know the potential for systemic spread of disease from a toothache, or
for liver damage due to overuse of acetaminophen or other analgesics,

Must learn good oral health habits from parents/caregivers

Must trust parents/caregivers to judge the appropriateness of and necessity for
health care, and

Does not understand how the health care system works and cannot access care
without an adult.
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All children, but especially young children, are limited in their ability to care for
their own health and must depend upon adults. A child’s parent/caregiver may also
lack basic oral health knowledge and an awareness of their child’s oral health
needs, and/or suffer from poor oral health themselves. Low oral health literacy is
prevalent among patients and health professionals alike in America; individuals of
low socioeconomic status or from ethnically diverse backgrounds may be at par-
ticular risk for low oral health literacy (IOM 2011a). Without appropriate educa-
tion, a parent....

e May not correctly interpret a child’s symptoms or signs of oral disease

e May not know that caries is an infectious disease that can be spread to a child by
sharing spoons, for example,

e May not know the potential value of chewing gum with Xylitol,

e May not fully grasp the importance of good oral health hygiene habits,

e May not grasp the consequences of a child consuming quantities of sugared
foods or beverages,

e May have difficulty controlling the child’s consumption of sugared foods or bev-
erages in or out of the home,

¢ May not realize the consequences of chronic use of sugared medications,

e May not know the potential for systemic spread of disease from a toothache, or
for liver damage due to overuse of acetaminophen or other analgesics,

e May not grasp the long-term consequences of early childhood caries,

e May live in a community without fluoride in the tap water and not know about
alternative sources of fluoride,

e May overlook oral health due to the stress of living in poverty,

e May be fearful of dentists or oral health care due to their own experiences,

e May have difficulty locating a dental provider accepting public insurance, or
have other problems navigating the health care system.

Parents in turn depend on access to medical and dental providers with current
understanding of the most effective ways to prevent caries and promote the child’s
oral and overall health. An important element in helping families is the provision of
culturally-sensitive care to a diverse population. Children are the most diverse seg-
ment of the population with 44% from minority backgrounds compared with 34%
of the overall population (US Census Bureau 2010).

The separation of medical and dental systems and the lack of shared information
can create additional barriers for families, especially for those with low health lit-
eracy or facing linguistic or cultural barriers. All pediatric health professionals have
increased ethical and legal responsibilities to promote children’s health, including
advocacy for them at the system level (Mouradian 1999).

4.2.1.2 Children’s Oral Health: Impact of Missed Opportunities

Although many factors can influence children’s oral health outcomes, caries is
largely a preventable disease. Despite this, national trends and other data on
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children’s oral health attest to this persistent national problem (Mouradian et al.
2009). Some important facts include the following....

Caries is the most prevalent chronic disease of childhood,

Caries is a preventable disease unlike many chronic diseases of childhood,

Yet according to (NICDR 2011) 42% of children 2—11 have had dental caries in
their primary teeth; 23% of children 2—11 have untreated dental caries. Further,
“21% of children 6-11 have had dental caries in their permanent teeth; 8% of
children 6-11 have untreated decay.” Overall “[c]hildren 2—11 have an average
of 1.6 decayed primary teeth and 3.6 decayed primary surfaces,”

The latest epidemiologic evidence shows increasing rates of caries for young-
est children, reverse from the Healthy People 2010 goal of decreasing caries.
According to (NICDR 2011), overall “dental caries in the baby teeth of chil-
dren 2-11 declined from the early 1970s until the mid 1990s. From the mid
1990s until the most recent (1999-2004) National Health and Nutrition
Examination Survey, this trend has reversed: a small but significant increase in
primary decay was found. This trend reversal was more severe in younger
children.”

Disparities in children’s oral health and access to care persist by age, income
level, race and ethnicity, and parental education level (Edelstein and Chinn 2009).
Of concern, the latest increase was actually in a traditionally low-risk gr