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Abstract

Background: A guide for the implementation of dental digital
imaging reports was developed and validated through the
International Standard of Health Informatics-Health Level
Seven (HL7), achieving interoperability with an electronic
system that keeps dental records. Introduction: Digital im-
aging benefits patients, who can view previous close-ups of
dental examinations; providers, because of greater efficiency
in managing information; and insurers, because of improved
accessibility, patient monitoring, and more efficient cost man-
agement. Finally, imaging is beneficial for the dentist who can
be more agile in the diagnosis and treatment of patients using
this tool. Materials and Methods: The guide was developed
under the parameters of an HL7 standard. It was necessary to
create a group of dentists and three experts in information
and communication technologies from different institutions.
Discussion: Diagnostic images scanned with conventional
radiology or from a radiovisiograph can be converted to Di-
gital Imaging and Communications in Medicine (DICOM)
format, while also retaining patient information. The guide
shows how the information of the health record of the patient
and the information of the dental image could be standardized
in a Clinical Dental Record document using international
informatics standard like HL7-V3-CDA document (dental
document Level 2). Since it is an informatics standardized
document, it could be sent, stored, or displayed using dif-
ferent devices—personal computers or mobile devices—in-
dependent of the platform used. Conclusions: Interoperability

using dental images and dental record systems reduces
adverse events, increases security for the patient, and makes
more efficient use of resources. This article makes a contri-
bution to the field of telemedicine in dental informatics. In
addition to that, the results could be a reference for projects of
electronic medical records when the dental documents are
part of them.
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Introduction
olombia’s Healthcare System (CHCS) is compulsory
for the entire population. It contains healthcare plans
(the EPS—Empresas Promotoras de Salud), which
are responsible for offering, at a minimum, the com-
pulsory health plan (POS—Plan Obligatorio de Salud) by private
or Public Healthcare Providers (IPS—Instituciones Prestadoras
de Servicios de Salud).'?

CHCS began in 1993 by “Law Number 100” (Ley 100 de
1993), the insurance affiliation is mandatory.' The CHCS has
principally two regimes: (1) Contributory Regime with 40% of
the Colombian population and (2) Subsidized Regime, cov-
ering 53% of the population; the latter for the poorest popu-
lation.>* For both regimes, the CHCS includes one package of
benefits, stipulated by the POS.”

The population has a basic plan for oral health, it includes
preventive oral health, general dentistry (with caries treat-
ment), and even some of the specialist services, like end-
odontic (includes “prevention, diagnosis, and treatment of
diseases of the dental pulp and their sequelae”®) and maxil-
lofacial surgery (does not include aesthetics).”

In Colombia, it is not mandatory to use unified digital
medical and dental records, although some private or public
providers use it. In dental services it is not common to use
digital dental diagnostic images integrated with dental re-
cords. Although there are some IPS in Colombia with elec-
tronic dental record systems and technology to digitize dental
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X-rays, both electronic records are not integrated, and these
two systems do not work together.

On the other hand, dental X-rays are the main diagnostic
tool used by dental professionals; however, the IPS stores
images by convenience, resulting in problems identifying
corresponding radiographs for each patient and in presenting
images deteriorated or lost. This situation can generate the
need for a new appointment to “make another X-Ray,” which
means exposing the patient to more radiation and increasing
operating costs and inefficiency.

This affects decisions and processes like diagnosis, treat-
ment, audit, medical records, and patient monitoring, which
in turn generate a general inefficiency in the use of IPS
resources and affect the quality of provided health services
to the patient. On top of this, organizations that produce
digital dental radiography in Colombia are only able to
share the X-rays by email, because the electronic records
are not integrated.

Dental Informatics evolves alongside the developments and
innovations in medical informatics. Many specifications that
are part of different standards are not available for dental
application and use.”® For example, in vocabulary systems
such as the International Classification of Diseases (ICD)-10,
representation of dental diagnostics is minimal. ICD-10 uses
four characters to classify the diseases, the first three char-
acters define the diseases category and the fourth defines
subcategories. The ICD-DA (Application of the International
Classification of Diseases to Dentistry and Stomatology) is a
derivation from the ICD-10 used to generate dental diagnoses,
they add a fifth character for more detail, however, it is not
widely known in general.

The structure supports a health services network consisting
of IPS. In 2011, a healthcare reform created a new stage in the
information system, including the establishment of manda-
tory electronic medical records beginning in 2013, without
defining general standards and excluding specifications for
the exchange of information about dental diagnostic images.’

In Colombia, there is room for technological development
and some experiments have been described regarding the
digitization of dental records. For example, CES University in
Medellin (private) and Cauca University in Popayan (public)
developed a guide for the implementation of the Health Level
Seven (HL7) for the Clinical Document Architecture (CDA)
standard.'°

There has been movement toward the administration of
electronic dental records as mentioned in the National Devel-
opment Plan 2010-2012, which is supported by the National
University of Colombia, but none of them has worked to integrate
standard diagnostic images with patients’ medical records.""
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Since 2007, Colombia has been working on the study and
analysis of the methodology for the implementation of inter-
national standards. HL7 and diverse committees are studying
the different components to implement the standards in the
country, but there is not an HL7 committee for dental issues
because the standard does not exist.”

This study proposes the standardization of radiological
images for dental patients to unify the periapical (refers to the
area around the apex of the tooth®) and panoramic radiology
(it is a method for obtaining images by the synchronous ro-
tation of the X-ray source and image receptor around the
stationary patient'?) reports with conventional radiological
images, or radiovisiography (refers to a rapid imaging system
capable of producing clinically acceptable periapical im-
ages'®), which can be sent or used by another dental infor-
mation system when interoperability or integration of
information is required.

The article presents, first, a conceptual framework about the
tools to use, the methodology, the results of the im-
plementation guide, and the discussion and benefits of the
developed standard.

Conceptual Framework

In recent years, ICT (information and communication
technologies) in health and dentistry have reached an im-
portant development that has allowed the penetration of the
different contexts of the sector organizations.'*

DENTAL RADIOGRAPHIC SYSTEMS

The oldest of the methods still used is the conventional
system with radiographic film. The first digital systems ap-
peared in the 1980s with the digitization of conventional
images obtained from radiographic films. The first intraoral
digital systems were described in 1988.'° Consequently, there
are two methods:

1. Indirect: Digitized radiography, either scanned, pho-
tographed, or filmed by digital video camera, useful
for keeping records of tests performed and cases of
interest.

2. Direct: Captures the image of the oral structures through
sensors that transmit directly to the computer. It is pos-
sible to get better image quality and provide a benefit to
the patient, because it reduces exposure to radiation.'®

INTEROPERABILITY AND STANDARDS IN HEALTH

This allows an exchange of data between information sys-
tems with different technology platforms. It is conceptualized
as three interdependent types.'”'®
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1. Technical interoperability: Sends data from system A to
system B and is able to reduce the problem of location
and distance. The meaning of what is being exchanged
is immaterial.

2. Semantic interoperability: Ensures that both system
A and system B understand the information being
exchanged. This allows systems to understand, inter-
pret, and use information without ambiguity. It is spe-
cific to domains and contexts, involves the use of
encoders and identifiers or controlled vocabularies. It is
at the heart of what is usually known as interoperability
in health.

3. Interoperability of process: Occurs when processes are
coordinated, enabling organizations to process systems
A and B together.

HL7 STANDARD

There are different computer applications in health con-
texts because of the biotechnology industry and ICT, which
have been developing connectivity standards for health ap-
plications since the 1980s. The HL7 standard has been one of
the most accepted and it is oriented toward sharing messages
and documents. The Standards
(SDO), made up of 31 associated
countries, recognizes it and is

DIGITAL IMAGING AND COMMUNICATIONS
IN MEDICINE (DICOM)

This unifies the format and exchange of information be-
tween different imaging equipment and information systems
for image processing. DICOM acts as a universal standard
between this equipment and the file system, reducing the cost
of buying additional storage infrastructure.”* **

Materials and Methods

The study follows the requirements in the management
methodology described by Larman, which establishes a period
to clarify the project agreements between parties, a stage
known as “Statement of Work.”*> Thus, meeting with dentists
(general and specialists) and the managers of institutions to
clarify the problems incurred because of lack of integration of
dental clinical information systems and standardization of
radiological images.

For the preparation of the proposed guide, it was necessary
to create a group of dentists and experts in ICT from three
types of institutions included:

1. EPS: A manager of the oral department and an audit

developing the most widely
used standards in health inter-
operability. The SDO does not
develop software, but it provi-
des diverse specifications for
health organizations, so they can .
have interoperable systems. That 1
is why most of the industry uses
and supports the development of
HL7 in the six continents.'®

CLINICAL DOCUMENT
ARCHITECTURE

Is an international standard
that allows the definition of clin-
ical electronic documents using
XML, its content could support

Developing Organization specialist,
DENTIST'S OFFICE
PATIENT: Xo00X
ID: 30000
e CDAHL7 V3
- a REPORT
DICOMIMAGES 4
2 ............................

HL7 V2.X
MESSAGE

different types of information, like
tests or images with different se-

THE PROJECT

GENERAL PICTURE OF

PROVIDERS |

mantic levels. The CDA Release 2
(CDA/r2) is a standard widely used
in the definition of the documents

INSURERS

that are exchanged in an inter-
operability context.”®?!

Fig. 1. General scheme of the project.
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2. IPS: A manager endodontic specialist, a dentistry
management—health administration specialist, and an
IPS informatics engineer.

3. An expert in informatics architect—systems engineer.

The guide was developed under the parameters of an
HL7 standard, with the following stages: (1) defining the scope
and necessity, (2) approach to the problem, with visits to
dental IPS (at different levels of technology and specialty), (3)
revision of the documentation using case histories, (4) defini-
tion of dental records to display, (5) preparing a document
with data from periapical and panoramic reports, (6) pro-
posing the architecture, (7) preparation and presentation of
a demo from the implementation guide. Figure 1 illustrates the
general scheme of the project.

The HL7 V3 CDA/r2 Clinical standard was used to develop the
guide. A demo model will be tested; which can be validated
subsequently in Colombia by the

including the airways and maxillary sinuses, temporo-
mandibular joint, skeletal structures, and dentition.

RESULT OF INTEROPERABILITY

The search for digital images is performed by general dentists
of IPS or specialists in dentistry, who are involved in the fol-
lowing activities: (1) signing on to the medical records system
using an individual key access, (2) digitizing the user identifi-
cation in the search module, (3) selecting dental records and
downloading all user information. At this point, the dental
professional can directly view digitized diagnostics, indicate
the required one from the odontogram or from the evolution
sheet. From the image, it is possible to display the date of the
procedure, the dental treatment, the procedures that would be
performed, the stage of the dental piece, the dentist that at-
tended the patient, and the treatment received.

technical committee.

Results
Once the guide proposed in

Patient:

the methodology is developed, Date of Birth :
it is possible to map the infor- Gender :
mation displayed in each field

by obtaining four CDA docu- IMAGE

ments (adapted from Interna-
tional HL7):

1. Mapping header CDA dentist-
ry, which contains data from
the dental report, with 12
variables and the explanation
of the data from the patient
and the person that did the
report.

2. Mapping body CDA periapi-
cal, which contains a peria-
pical image, using DICOM
or JPG format, with the de-
scription (four variables) and
diagnosis, according to the
ICD CIE 10 (code and de-
scription).

3. Mapping body CDA pano-
ramic, which also contains
the image, using DICOM or

DESCRIPTION

CIE10

Periapical Image Report

XX XXX QQ Y'Y'YY'EY
Identification: 96080610278

Periapical Rx where it is possible to see an apical root fracture with a displacement
and a big bone destruction in the periapical level.

DIAGNOSTIC : xxxxxxXXXXXX

——== HEADER
_*__Denﬁ'if: !
Institution: _L;;;;' ____________
Date of Image : November 9%, 2011

999109

Report Number :

JPG format, with the de-
scription in nine variables,
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Fig. 2. Deployment of the dental periapical CDA. CDA, Clinical Document Architecture.
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This work specified the documents for the interoperability.
The research was focused on the standardization of the im-
aging diagnostic documents for dentistry. The process to in-
terchange the documents is out of the scope of this work.
However, these CDA dentistry documents could be used in an
interoperable model for interchange documents; one of the
most known and used by the industry is the IHE XDS.b profile
(in: www.ihe.net); this model is one of the most used by the
National HER like Australia NEHTA, France Dossier, and
Australia ELGA.

To maintain confidentiality, dental records can be accessed
through a general dentist, specialist dentist, dentist auditor,
patient, doctor (through electronic medical records), and re-
pository studies contained in DICOM, where it is possible to
find the informed consent and the images. At times, because

Colombia does not have a universal database with clinical
records, the patient receives the radiograph, which could be
deteriorated or lost.

The guide specifies three levels of compliance requirements:

« Level 1: Specifies the restrictions about the CDA head and
the content of the document.

e Level 2: Specifies the restrictions about the “structured
body” of the “clinical document” (CDA).

 Level 3: Describes a limited set of structured inputs, for
referencing purposes and for accessing images within
the report.

Two types of HL7 V3 CDA r2 documents were displayed
based on the information specified in the Implementation
Guide (Figs. 2 and 3).

VALIDATION OF THE
IMPLEMENTATION GUIDE

Panoramic Image Report

ATM
Slightly asymmetrical condyles.

Bone Structures
Height conservation and corticalization of the alveolar bone.

Dentition

Fixed Orthodontic appliances, bands in 16-26-36-46.
Missing: 15-25-34-44.

Pieces 16-26: Mesio-angular.

Piece 48: Semi included in horizontal position, impacting distal 47.
Supernumerary parts not observed.

Piece 38: Semi included, mesio-angular, impacting in second molar distal, apex root.

We visited two IPS ascribed

______ ‘_ HEADER . to the dental IPS network.

Patient: XXKX XXXX QQ YYYYYY €-Deatist: | j These were chosen because they
Identification: 96080610278 Institution: T ;;;' ____________ both use the electronic den-
Date of Birth : Date of Image : ~ November 9% 2011 tal record system provided by
Gender : Report Number : 999109 the insurer. The two IPS, how-
ever, use different processes for

IMAGE scanning images; one, digitized

pictures from digital photogra-
phy with conventional radiog-
‘ raphy, whereas the other uses a

P . radiovisiograph.
i i R ; A demo about the Web site www
‘:‘ .openhealth.com.co was performed
/ with the front end of application
Airways and Maxillary Sinuses i . .
v of electronic medical records.
Novariants at the level of the maxillary sinuses are noted; the nasal septum is visible and straight. From there, the screenshots of

clinical history and evolution
odontogram were linked. The
demo links the clinical history
screenshots and places the ac-
cess to documents and radiology
reports within the odontogram,
as specified in the design flow
graph (Fig. 4).

OBSERVATIONS TO THE DEMO
Once the demo was imple-
mented, the dental professional

Fig. 3. Deployment of the dental panoramic CDA.
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« It should differentiate the content of
the observations from whoever per-
forms the test and who requested it.

» There must be access from the evo-
lution or the odontogram.

o There must be a mandatory require-
ment for medical record systems, which
must be stored in sequential episodes,
according to the patient’s experience.

OBSERVATIONS ON THE
ARCHITECTURE

The expert in health informatics plat-
forms made the following comments on
the proposed use of XDS (Extended Data
Services) for sharing dental CDA:

e The architecture of a CDA document

Fig. 4. Cases of use.

Related to the standardization of the radiology report format

« It is a necessity; it is important because of the dental
images that contain the description or radiologic read.

« It is a friendly format; it allows interpretation and it has
plenty of size.

« It is a complement to the actual technology (dental records,
digital dental images, radiovisiographs, etc.) that has disin-
tegrated.

« It could also be used with other reports, which are necessary
to exchange in the dental sector.

Related to the benefits of the application

« The clinical history is not indexed to the patient’s ra-
diographic images and read.

« It improves the access to information.

« It allows access to information and images, no matter
where the patient is.

« It provides safety for the patient.

« [t is social and environmentally responsible.

« It has correct storage.

« It requires the dental professional to interpret the images.

Related to the suggestions

« The radiographic report should include observations of
mandatory type, like a header with information about the
patient, the diagnosis, and type of X-ray.
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allows representation of different

types of reports that conform to an

electronic medical record.

« CDA documents can solve the need for interoper-
ability of clinical documents, based on the knowl-
edge of the IHE (Integrating the Healthcare Enterprise)
and XDS.

Discussion

The development of the project showed that HL7 V3
CDA standard could be used to integrate Electronic Dental
Record Information and dental radiological imaging. The
clinical document includes information from different
sources into a final dental document record. This CDA
document generates significant applicability and utility
for dental or no-dental organizations; when it is used in
an interoperability context, it could support dentistry to
improve the decision in the treatment of the patient. It
could be even integrated to the Electronic Health Record of
the patient.

Initially, we were concerned that the shape of the image
acquisition would greatly affect the project, but during the
validation phase, the visit and live interaction with dentists
showed that it was not a constraint. The solution is indepen-
dent from the type of X-ray scanning; images that are dis-
played in the CDA can come from a radiovisiograph (30%
of dental clinics that belong to the EPS) or manual digitization
of radiographs.

As was seen in the discussions of the articles of the Con-
ference on the Electronic Health Record (EHR) 2008, it is
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necessary to unify the concept of including dental informa-
tion in a person’s comprehensive health history.!

In general, in Colombia, the dental report was not integrated
with the medical record information. In the last few years, the
efforts to integrate this information with the HER of each
person have increased, and this stream has been supported by
the EPS. The government still has not a National EHR.

Because other research groups such as the University EIA
and the Cauca University developed the Dental Electronic
Health Record (HCEO) based on CDA, it is important to har-
monize these, unifying metadata, vocabulary, and concepts.'°

The results allow data to be deployed to different units of
dental services, improving accessibility and continuity, and
reducing the costs to the patient, such as, travelling or com-
plications in the treatment process (adverse events and patient
safety). In the same way, interoperability with HCE can im-
prove auditing and patient monitoring.

Since the Implementation Guide only presents the areas that
are used in the dental document, the problem was simplified; it
facilitated the understanding and feasibility of the pilot test. It is
a process that requires preparation and knowledge, but using
CDA, formalizes specifications and gives flexibility to its re-
strictions in other contexts. This can help other stakeholders
develop new specifications for other areas.

The Implementation Guide can specify the models required
for the analysis phase to support the specification standards of
interoperability scenarios, as different guidelines were ob-
served and all resolved differently this section.

In conclusion, this study not only provides a validated ra-
diological image in dental reports that are more frequent, but
it also supports the technological development of dental in-
formatics, which is commonly found outside developments
and standards that are usually done within the framework of
medical informatics specifications.

The Guide also makes a contribution to developing coun-
tries and Colombia in particular, since it can use existing
equipment in rural and remote areas and provide a solution to
the integration of dental diagnostic images for the Ministry of
Health and Social Protection as it perpetrates future designs of
rules governing the EHR.
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as a Basis for 21st Century EHR Standards and Products: EHR
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