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Abstract. Electronic healthcare documentation is the key element of electronic 
healthcare (eHealth). Electronic oral health record (EOHR) supporting oral 
medicine is discussed. To provide dentists with a methodology and instrument to 
create oral health documentation in more efficient way, support information 
exchange and integration in dental domain and to ease dental decision-making and 
forensic dentistry identification tasks.The proposed methodology is used to model 
lifelong EOHR based on a small specific ontology where the use of other 
classification systems and nomenclatures, e.g. SNODENT, is possible. EOHRwith 
Lifelong DentCross user interface was developed and it has been supporting dental 
care at the University Hospital in Prague-Motol. The user interface is working in 
four languages and controlled by voice or keyboard. Lifelong DentCross user 
interface is reflecting the way of the work in dentistry and the EOHR can provide 
both structured and free text information to oral medicine. 
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1. Introduction 

A broad overview of eHealth concepts is presented alongside an in-depth analysis of 
some of the most important related issues is in the book Managing eHealth [1].    The 
concept of Information-based Holistic Electronic HealthCare (IHE-HC) was introduced 
in [2]. It focuses on information in the form of data or knowledge that can be stored, 
processed or transmitted in an electronic form (Fig. 1). IHE-HC is connecting the e3 
Health concept [3] with the application in a given healthcare system via co-operation 
among three main stakeholders (State, Academy and Industry). The inability to share 
information across these main stakeholders is just one of the major obstacles towards 
quality, efficiency, security and cost-effectiveness of healthcare. The gap between the 
demand for IHE-HC from an increasingly well-informed citizens and the ability of the 
government and healthcare organizations to meet this demand is widening all the time.  

The electronic health records that are based on a common information architecture 
with highly standardized data definitions will play the key role in the electronic 
healthcare. Main goal of EHRs is the support of continuing, efficient and high quality 
integrated healthcare by sharing patient health information among authorized users. 
However, EHRs allow collection of data for other reasons than for direct patient care, 
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such as quality improvement, outcome reporting, resource management and public health 
communicable disease surveillance, see e.g. [4-12].   

 

 
Figure 1: Information-based Holistic Electronic Healthcare 

 
The part of EHR focused on oral health is called electronic oral health record 

(EOHR), see [13]. EOHR can fulfill the need of dentistry for more detailed description 
of problems and procedures using new granular and sophisticated coding sets. In 
advanced healthcare environment a dental clinics can connect oral health information to 
a hospital EHR. It means that past medical history, laboratory tests and other information 
can be retrieved from the hospital EHR to EOHR directly.  

New strategy to advance the consistency of data in dentistry is emerging. 
Systematized Nomenclature of Dentistry (SNODENT), an official subset of SNOMED 
CT, is a vocabulary designed for the use in the electronic environment. The SNODENT 
can be considered as rising ontology for dentistry that should in future to standardize 
coding and present lists of problem and procedure terminology in a detail and granular 
way with the goal to cover all possibilities [14]. In spite of the general support for 
ontologies within the biomedical community, there are relatively few ontologies 
available to be used by the dental community at the present time. What ontology 
engineering efforts have been undertaken have largely been directed to the provision of 
small, special purpose and application of specific ontologies; large-scale dental 
ontologies with broad coverage of the dental domain are currently absent. Apart from 
specific ontologies like Tooth Positional Ontology [17], two large-scale ontologies are 
under development the Ontology for Dental Research (ODR) [18] and the Oral Health 
and Disease Ontology (OHD) [19].   

We developed the small specific ontology for permanent dentition based on about 
60 different actions, treatment procedures or tooth parameters.  The ontology was 
developed by Czech dentists from University Hospital in Prague-Motol for promoting 
consistency of collected data in dental care. The ontology made possible to develop the 
first version EOHR with the DentCross interactive user interface in 2005. The user 
interface enabled recording fully structured dental information in a consistent and user-
friendly way. The main requirement for EOHR was the structured way of data storage 
combined with free text with possibility of dynamic extension and modification of the 
set of collected attributes without any change. We used the DentCross user interface for 
collecting data for computer-supported treatment of patients with temporomandibular 
joint disorder parafunction [15] and in forensic dentistry [16].  

J. Zvárová et al. / Medical Informatics and Information Technology 231



The research objective of our approach is to provide dentists with a methodology 
and instrument to make lifelong oral health documentation by more effective way, 
support information exchange and integration in the dental domain and use collected 
information in dental decision-making and identification problems in forensic dentistry. 

2. Methods 

Based on our extensive experience with the interactive DentCross user interface of 
EOHR for permanent dentition, we have created a new object-oriented EOHR model 
compatible with HL7 RIM and implementable using EHRcom hierarchical structure that 
includes the possibility of entering the data not only for permanent, but also for mixed 
and deciduous teeth. We call this model Electronic Oral Health Record in Dentistry.  
 

 
Figure 2: Model of Electronic Oral Health Record 
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The EOHR model (Fig. 2) is meant to represent the ontology of basic human dental 
structures. It is based on the premise that the model should be able to describe all valid 
situations and not to lose any substantial information. Model instance (in the form of 
linked objects) itself represents a static view of patient's dentition at the given time.  
Coded values are shown in Table 1. The model includes the possibility of entering the 
data not only for permanent, but also for mixed and deciduous teeth. Each existing tooth 
is described using the basic anatomical structures � a crown, root, suspension system of 
the tooth.  

The model has its root at Dentition class that holds tooth Positions. Two-
dimensional X-ray images may be mapped to individual positions. Any position may be 
“occupied” by a tooth. The tooth may exist on that position or may be missing. Any 
existing tooth is described using its basic properties and three parts: the gingiva, the root 
and the crown. The gingival properties include eruption problems, dental calculus, 
wobbling, papilla bleeding index (PBI) and pocket. The root interface is extended by 
specialized interface NaturalRoot that represents natural root conditions as pulpitis, 
necrosis, gangrene, periodontitis, root canal treatment and root inlay. The Root interface 
is directly implemented by the Implant class that represents an implant. The crown 
interface supports localized properties such as Caries and Filling that are bound together 
in order to not lose the information on what caries have been fixed by the filling. The 
Crown interface is implemented by Denture class, Pontic class and is extended by the 
Artificial Crown interface. The Localized class location property is divided up to 9 square 
parts to further specify location. The Artificial Crown interface is implemented by 
Veneer Crown and Combined Crown interfaces to store the information about materials 
used. Tooth and Crown interfaces may be linked with their other “instances”, specifically 
with their previous and next states (if available).  

 
Table 1: List of attributes with codedValue in EOHR model 

Class Attribute codedValue Class Attribute codedValue

ToothPosition level
deciduous, permanent, 
denture Caries kind

primary, secondary, 
relapsing

ExtractedOrMissing reason
diagnosed, agenesis, 
unknown Caries type

acute, chronic, 
stopped, initial carious 
lesion

Developed type
incisor, canine, 
premolar, molar Filling material

amalgam, composite, 
compomer, 
glassionmer, 
provisional

Developed eruption none, partial, full Pockets position

mesial, distal, 
vestibular, oral, 
interradicular

Calculus presence
present, absent, 
unknown Localized location

mesial, distal, 
vestibular, oral, 
interradicular

Calculus location
supragingival, 
subgingival VeneerCrown material2

resin, composite, base 
metal, gold, ceramic

Wobbling intensity
none, level I, level II, 
level III

CombinedCrow
n material2

resin, composite, base 
metal, gold, ceramic

PBI level 0, 1, 2, 3, 4, 5 ArtificialCrown material
resin, composite, base 
metal, gold, ceramic
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Figure 3. Lifelong DentCross user interface of EOHR 

3. Results 

The EOHR model was implemented using the new graphical design of user interface 
Lifelong DentCross (Fig. 3). 

Lifelong DentCross user interface is dominated by a graphical dental cross. In 
addition to the basic information needed to identify the patient (name, surname and ID 
number) one can also find user interface controls. These are chosen so that the user can 
easily enter the history of treatment, treatment plan and the dentist can also use other 
forms of periodontal detailed examination, such as recording the presence of tartar, 
record the depth of periodontal pockets, and looseness of the teeth and gums condition 
called PBI (papilla bleeding index). We can demonstrate a record number of complex 
examinations including periodontal compared with intra-oral radiographs. In the right 
part of the screen we can find two options � history and legend. History brings us to the 
chronological treatment of the individual. Legend contains mainly a variety of different 
materials in the color scale to facilitate orientation in the user record. Individual teeth are 
called a double-digit number by quadrants, for example the Tooth 27 is the second upper 
molar upper left. 

The crowns of the teeth are divided into seven fields to locate carious lesions or 
restorations, individual fields are marked according to the anatomic custom M � mesial, 
D � distal, O � occlusal, I � incisal, R � oral, V � vestibular, C � cervical. Size of the 
lesion seeing a number 1 to 4, which is to Mount classification of carious defects. By the 
selection of the filling different colors denote the type of material used. The blue color 
indicates photo composite, black amalgam and the green color indicates glassionomer 
dental restorations. So the embedded information from the examination and X-ray 
documentation becomes much more valuable than photographs of dental state or mere 
X-ray image. Dentists can also add dental reports in free text to all this structured data. 
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Nowadays, the Lifelong DentCross interactive user interface for EOHR can be controlled 
by voice or keyboard and it is running in four languages. These languages are Czech, 
English, German, and Spanish. Each language has its set of definitions, which contains 
about 300 dental terms.  

4. Discussion 

The most important source of information for biomedicine and healthcare is the data. We 
can see a huge amount of data collected in an unstructured form, e.g. in narrative medical 
reports. The unstructured data is very difficult to analyze and most information in the 
unstructured data is used rarely or never. With penetration of ICT in healthcare 
comprehensive lifelong EOHR combined with appropriate representing, accessing and 
visualizing health data have been developed. We tried to minimize unstructured data in 
EOHR to make information reusable for other tasks.  
      EOHR with the interactive Lifelong DentCross user interface has been used in dental 
care at the University Hospital in Prague-Motol. Lifelong DentCross user computer 
interface has been supporting data recording in dentistry very well. .Unfortunately, the 
retrieving data from hospital information system to EOHR is not supported by hospital 
information system.  In 2016 the Czech Republic became the member of International 
Health Terminology and Standards Organization (IHTSO) that opens the possibility to 
use SNODENT classification in EOHR. The usability of EOHR with the DentCross user 
interface was partially studied in [20]. The comparison of three methods for time-
consuming data entry in dentistry was performed on 126 patients: a) dental registration 
in the WHO card, b). EOHR controlled by keyboard and c) EOHR controlled by voice. 
In the study on 126 patients dentists added textual comments very rarely. Due to 
sufficient information in structured data there was no need to enrich the EOHR model 
with part extracting information from narrative dental reports [21].  In clinical practice, 
it is required to find ways to avoid the manual operation using a keyboard, mouse or 
touch screen. Therefore, the added automatic voice recognition allows the dentist to use 
the software without having to touch. This eliminates the need for a second person 
making the entry to the computer or redundant hygienic procedures (washing hands, 
changing gloves, etc.). Dental expertise occupies an important position in the 
identification process and is necessary especially when the priority is a recognition, the 
results of DNA analysis and fingerprint comparison. Properly conducted dental 
documentation is often the key to successful identification of unknown persons or 
skeletal remains. Not only the teeth, but also the analysis of the materials used to 
rehabilitate our teeth with the help of modern technology can lead to a clear identification 
of the individual. The EOHR can support a rapid identification of unknown individuals 
as well as decision making in dentistry, see e.g. [22], [23]. 
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