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I. INTRODUCTION

I.1 MOTIVATION FOR THE RESEARCH

When I began my research career at the Semmelweis University (SE) (Budapest,
Hungary), I encountered several challenges, particularly in managing orthodontic
treatments, which are inherently long-term processes. At the Department of Paediatric
Dentistry and Orthodontics, Faculty of Dentistry, Semmelweis University, there was no
standardized digital system for patient handovers among postgraduate students. Early in
my career, [ was entrusted with managing over 140 ongoing patients. Out of all their
accompanying records, approximately 15 were complete (including anamnesis, cast
analysis, photographic and radiographic records), around 65 were partially filled out or
inconsistent, and about 60 were entirely missing. This made reliable long-term follow-up
for these patients difficult. For each patient admission, new documentation had to be
made, including the acquisition and evaluation of new radiographs. The software used for
analysis proved to be relatively slow and not consistently accurate. Furthermore, its
unavailability for an entire year meant that cephalometric analyses had to be performed
manually, with each one taking approximately 30 minutes per radiograph. These
difficulties raised the question of whether Al could be utilized for cephalometric analysis,
and how advancements in Information and Communication Technologies (ICT) could be
leveraged to improve efficiency and the quality of patient care, research, and education
at our clinic. This thesis focuses on Al applications in data-driven healthcare within the
field of orthodontics, with particular emphasis on cephalometric analysis, driven by two

technological innovations aimed at optimizing diagnostic workflows.

1.2 BACKGROUND AND CONTEXT

Fortunately, the digital era of contemporary medicine facilitates rapid progress in
medical diagnostics, therapy, and research. Consequently, technological innovations
serve as the driving forces behind the advancements in modern dentistry as well. (1-3)
From the perspective of university-level research, teaching, and medical care, Artificial
Intelligence (AI), Virtual Reality (VR), and Augmented Reality (AR) play increasingly

important roles in tertiary education and research (Figure 1.). (4) These technologies are
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applied in intelligent tutoring systems (ITS), laboratory and pre-clinical teaching, patient-
centred interactive education, and research-driven instruction, all supported by accurate
digital data storage. (2-4) There is also a growing body of literature highlighting the
significant demand for advanced ICT solutions such as modern data structuring and the
implementation of structured query language (SQL) databases. These technologies are
increasingly recognized for their potential to enhance university-level research, teaching,
and medical care by improving data management, optimizing clinical workflows, and
enabling more efficient and effective research processes. This dissertation will explore

these advancements in detail and examine their applications in healthcare and science.

‘ Virtual Reality (VR), Augmented Reality (AR) and Artificial Intelligence (Al) in
Tertiary Education and Research : Orthodontics
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Figure 1. ,.Interaction of strategic framework, professionalism and patient care delivery

in the era of Al, VR, and AR”. (4)

As Machine Learning (ML) plays a crucial role across various modern professions, it
is to be expected that research in medicine and orthodontics is increasingly focusing on
the use of Al tools to optimize diagnostic, therapeutic, and follow-up workflows. (1,5-7)
The latest literature on Al applications in orthodontics reports numerous studies showing
promising results in early prediction of treatment requirements, evaluating maturational
characteristics in growing patients, assessing the need for orthognathic surgery or tooth
extraction, determining tooth movements, estimating therapeutic changes and identifying
cephalometric landmarks on 2 dimensional (D) or 3D radiographs. (1,6-10) However a

literature review identified potential biases, highlighting the need to consider factors such
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as system complexity, costs, setup requirements, and training methods for each AI model.
(11) While the integration of Al prediction models into clinical practice has advanced
significantly in recent years, data on diagnostically and therapeutically relevant metrics
for cephalometric analysis tools are still lacking. (1)

In orthodontics, the 2D evaluation of lateral cephalometric radiographs (Figure 2.)
plays a critical role in diagnostic assessment. However, manual evaluations performed by
clinicians may introduce substantial error, even when measurements are repeated.
Although numerous studies on digital cephalometric analysis exist, fewer have focused
on the validity and reliability of 2D landmark detection. (1) While cephalometric analysis
requires time-consuming human intervention, the process of tracing specific landmarks
is relatively straightforward, as the anatomical structures are predefined. Although
concentration is essential for accuracy, the task itself is less cognitively demanding,

making it well-suited for automation with minimal human oversight.

B O™ - ot Digie
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Figure 2. Interface for manual evaluation of digital cephalograms in the OnyxCeph3TM

(Chemnitz, Germany) software. (1)

Reviews indicate promising results regarding the effectiveness of Al tools in
cephalometric analysis, however, it is important to consider that the outcomes are
influenced by factors such as the quality of input data, the number of training cycles, and
the characteristics of the algorithms used. Studies have shown that the automation of

manual landmark detection, image quality, and sample variability impact performance.
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Several studies have demonstrated favourable results using larger sample sizes, whereas
others have reported comparable outcomes based on smaller datasets. The mean error in
landmark identification typically ranges from 1 mm to 4 mm. (1,8)

Our hypothesis was that Al-based predictions of cephalometric landmarks, when
applied to clinically relevant data, would facilitate more accurate angular and proportional
measurements, thereby supporting more efficient and reliable orthodontic diagnosis. In
this study, our aim was to demonstrate the significance of both the quality and quantity
of training datasets (TD) regarding the accuracy and time efficiency of an Al model in
clinical applications, utilizing relatively large datasets. However, we hypothesized that
after a certain threshold of training data, further increases in dataset size would result in
marginal improvements. Among the available software solutions, the model we tested
stands out for its comprehensive, criteria-based assessments that directly investigate the
physician-Al relationship. To minimize clinician-induced errors in landmark detection
accuracy, we aimed to repeat measurements multiple times by two independent experts
on separate occasions. (1)

Upon working deeply in this topic, it became apparent that a contradiction exists.
While leveraging Al tools across various industries seems promising, and there is a strong
emphasis on gathering increasingly large volumes of data in short time, the challenges
associated with data storage and management are often overlooked. Is it truly beneficial
to accelerate data collection and expand its volume if effective storage and reuse
mechanisms do not exist? It may be more appropriate to first establish robust systems for
storing and managing the outputs of Al-driven analyses before further refining the tools
themselves.

Another persistent challenge in healthcare, including specialised fields such as
orthodontics, is the continued reliance on labour- and resource-intensive documentation
processes. Structured, accessible, and transparent medical data storage remains
unresolved in most healthcare providers in Hungary. The limited reusability of clinical
data restricts the potential to improve patient care quality, enhance the transparency of
treatment pathways, foster research development, and fully leverage the opportunities
afforded by data-driven analysis. The use of data lakes, which rely on paper-based or
unstructured electronic health records (EHRs), complicates data sharing among clinicians
even when they work in close physical proximity. This difficulty limits the inclusion of

relevant subjects in research and reduces the availability of case numbers necessary for



future studies. Optimizing workflows through the digitalization and structuring of
medical records is expected to address these challenges, reduce burnout among healthcare
providers, and enable more accurate and faster results, along with deeper insights into
diseases. (2-3,12-13)

Although healthcare in Europe lags behind other sectors in the everyday use of ICTs,
the European Commission addressed this gap as early as 2004 with the adoption of the e-
health action plan, further updating it for 2012-2020. (3,14-16) From the perspective of
Western-level healthcare, e-health, developed through the European Patient Smart Open
Services (epSOS) project, offers significant social and economic benefits by fostering
interoperability and standardized systems. (3,17-18) In addition, Hungary's participation
in the epSOS project, the progress demonstrated by the Digital Health Solutions in
Medicine (D.E.M.O.) project led by the Institute of Behavioural Sciences at Semmelweis
University, reflects notable advancements in e-health. (3,19) The D.E.M.O. project
emphasizes the evolving role of healthcare professionals, suggesting they will
increasingly act as intermediaries between data and patients, while highlighting that the
current digital transition benefits patients more than their physicians. (3,19) This
perspective aligns with the growing importance of Information Technology (IT)
professionals, or "data scientists," in healthcare. Rethinking innovative documentation
systems, organizing medical records, and advancing data utilization are critical steps to
support this transformation and enhance healthcare, academic performance and medical
education in Hungary. (3,20)

Since I started exploring data science, workflow optimization, and the rational
application of Al in Hungarian healthcare, I was confronted with the reality that the field
faces numerous unresolved questions and uncertainties requiring clarification.
Additionally, there revieled a need for strategic plans to be developed regarding digital
healthcare and the use of ICT systems. Today, we can take pride in several innovations
at Semmelweis University, including the establishment of the Institute for Clinical Data
Management (21) in 2023 and the launch of Europe’s unique master's program in
healthcare data science. (22) This master’s program has been established in recent years
within the Faculty of Health and Public Services of Semmelweis University as a
methodological centre, supporting the systemic implementation of data-driven and
artificial intelligence supported solutions through extensive collaborations with partner

institutions and research centres. (22) A notable milestone was the latest agreement



between the Faculty of Health and Public Services Management and the National Media
and Infocommunications Authority signed in November 2024. This partnership aims to
advance data-driven health research, enhance media literacy, and promote digital
competencies. This collaboration focuses on integrating ICTs into healthcare, promoting
the widespread adoption of digital health services, and exploring the intersections of
infocommunications and healthcare to advance modern medical practices in Hungary.
(23) Further revolutionary innovation is being developed by the collaboration of the
Health Management Training Centre and the Hun-Ren Rényi Alfred Mathematical
Research Institute’s Al research group, creating a comprehensive patient pathway and
health life-course analysis platform that leverages Al models to predict risks of disease
onset, progression, and health deterioration. This platform aims to improve prevention,
enable early detection, and support personalized treatments for the entire Hungarian
population. (24) Among other factors, this indicates that Hungary is among the leaders in
building a data-driven and Al-supported healthcare network in the global innovation
landscape. The key question is whether this position can be sustained over time. As
clinicians and researchers, we must consider how we can contribute to this progress. Even
small improvements in our daily work can greatly support both our university’s academic
mission and the rapid development of the national healthcare system of Hungary.

On an international level, interoperable channels are being established through
initiatives such as the DIGI4Care project, which forms part of the European Union (EU)
Strategy for the Danube Region. DIGI4Care focuses on transforming patient pathways
through digital and Al innovations, with an emphasis on the testing and integrating these
solutions into healthcare systems. The project also promotes collaboration and knowledge
sharing to help bridge the digital gap between EU and non-EU countries within the
Danube region. (25)

Focusing on the dental field, the use of electronic databases in dental practices offers
numerous advantages, including efficient data retrieval, quality assurance programs, and
strategic planning, as outlined in the Dental Provider’s Guide (26) to the Electronic
Dental Record (EDR), 2015. With the integration of standardized databases and query
tools, dental providers can implement longitudinal quality assurance and improvement
programs, enhancing patient care and operational efficiency. (26) In clinical settings, the
adoption of EDRs for clinical support in dental practices has shown significant progress.

A 2017 study reported that 52% of dental practices had implemented EDRs, indicating



integration of electronic reporting in routine dental care. Interestingly, the adoption rate
of EDRs in dental offices of the United States was higher in 2012 compared to the
adoption rates of EHRs in medical offices during the same period and this trend was not
driven by the Health Information Technology for Economic and Clinical Health
(HITECH) program. (27) The maintenance of structured databases for dental medical
records is becoming increasingly prevalent, contributing to improved patient management
and care in both private practices and educational institutions. However, the integration
of patient portals by dental practices has remained relatively low, reflecting an area for
potential improvement in patient engagement and accessibility. (27-28) The studies by
Kalenderian et al., conducted at the Harvard School of Dental Medicine in the United
States, aimed to develop and validate a methodology for identifying and classifying
adverse events in dentistry using data from electronic dental records. While these efforts
indicate a certain level of structured documentation, they do not provide sufficient
evidence to confirm the use of an SQL-based database. (29-30)

Despite the advantages of optimized documentation processes, limitations remain.
Many electronic dental record (EDR) systems continue to prioritize administrative and
clinical documentation over comprehensive patient histories, diagnostic data, and
therapeutic details, which restricts their utility for longitudinal research and advanced
analytics. For example, while EDRs have improved billing and scheduling efficiency,
their capacity to monitor detailed clinical metrics and patient outcomes over time often
remains underdeveloped. (31) These findings highlight the growing global demand for
structured databases in dental practices and institutions, while also revealing areas for

improvement, especially in research capabilities and patient-centred functionalities
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II. OBJECTIVES

My ongoing interest in modern, efficient, and time-saving solutions has driven me to
focus on improving diagnostic workflows within my profession particularly through the
development of Al tools and the optimization of data collection, utilization and storage.
While this goal may appear straightforward, the overall landscape is complicated by
limited access to advanced technology, inadequate computer training, and challenges
posed by the current system and circumstances. To ensure that my work is well-founded
and thoroughly prepared, I must start by reviewing the literature and examining the
challenges faced by other institutions to understand the existing structures in healthcare.
This includes assessing the adaptability of our country’s documentation systems and
exploring how software can be customized to address both external requirements and
local needs. Building on previous studies and established policy guidelines, this study
aimed to highlight the increasing demand for modern digital tools, electronic workflows,
and efficient data processing within the medical sector. (3)

Furthermore, through surveys of anamnestic and diagnostic trends within our clinic,
we emphasize the importance of integrating medical data into a structured retrieval
system to improve patient care and research efficiency. My ultimate objective is to
develop a custom interface within a structured database, enabling seamless application in
daily medical and research practices while supporting future statistical analyses, scientific
studies and evidence based clinical practice. (3)

In comparing the temporal duration and data comprehensiveness of the diagnostic
steps and evaluations, it is evident that cephalometric analysis ranks first in terms of
reporting during the recording process. To facilitate faster and more accurate orthodontic
X-ray analysis, I have started working on a project aimed at training an algorithm utilizing
arelatively large dataset of 1,600 images, to automate cephalometric landmark detection
on lateral cephalometric radiographs. Being sceptical of several Al solutions, we initially
conducted a highly comprehensive and representative study before integrating the
software’s tools into our clinic's daily diagnostic routine. This study aimed to demonstrate
the training process of a cascaded Convolutional Neural Network (CNN) for landmark
detection on lateral cephalograms of varying quantity, and to assess the speed, reliability,
and clinical accuracy of the algorithm for orthodontic diagnosis. Together with IT

professionals, our aim was to demonstrate that an Al software becomes progressively
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better, more reliable, and faster as it is trained with upgraded and expanded datasets. We
hypothesized that after a certain threshold of training data, further increases in dataset
size would result in diminishing returns. Additional aim of this study was to demonstrate
the relevance of both the quality and quantity of testing data in the accuracy and time
efficiency of an AI model developed for automated landmark detection on lateral
cephalograms, for clinical applications. (1) The ultimate goal of this research is to
demonstrate with high-quality data, that the latest Al model can function as an accurate
diagnostic tool, providing insights in both spatial and temporal dimensions, while also
highlighting its benefits and limitations.

The future aim of this study is to analyse the clinical and scientific impact of an
existing structured documentation system, in conjunction with the Al tool for automated
cephalometric analysis on clinical efficiency. Additionally, it seeks to provide a
framework for further integration of diagnostic tools, along with a direction for its
implementation in other healthcare institutions.

Ultimately, I aim to contribute to the establishment of a Dental Data Centre that
supports both clinical care and academic advancement across Hungary, for the benefit of

my colleagues, my university, and my national healthcare system.
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III. METHODS

III.1  LITERATURE REVIEW

A literature search for systematic reviews on the topic of EHR and ICT in healthcare
was conducted in the Pubmed/Medline database, by using several Medical Subject
Headings (MeSH) terms and free-text keywords, including e-health, documentation,
EHR, computerized, and structured. The analysis was restricted to systematic reviews
published in the international literature over the past 15 years. With one exception, all

seven selected articles were written in English. (2-3)

III.2  IN-HOUSE RESEARCH

In addition, we evaluated the documentation system utilized at our clinic, which is
based on unwritten internal protocols and practices. This system includes a paper-based
medical record and a supplementary PowerPoint presentation (PPT) for each patient,
summarizing their anamnestic data and diagnostic findings from radiographic,
cephalometric, dental cast, and photographic analyses. A total of 30 patients’
documentation, including both paper-based and PPT records (n=60) were reviewed.
Fourteen thematic areas of medical history and diagnostics were analysed, as outlined in
Table 1. These areas encompassed essential components of general and dental history,
extra- and intraoral clinical examinations, as well as results of the diagnostic findings.
Specific data points included general health status, etiological factors, harmful habits,
joint  dysfunctions, other systemic dysfunctions, radiographic evaluations
(orthopantomogram [OP], lateral cephalogram, anteroposterior [AP] cephalogram),
photographic analysis, jaw asymmetry, and key metrics from model analysis (Bolton
discrepancy, WALA ridge, spacing, and crowding). The proportion of available versus
missing data was assessed for each documentation type, and the time required to review
each patient’s records was recorded. Statistical analyses, including Pearson correlation

and two-sample t-tests, were performed to evaluate the results. (2-3)

Table 1. 14 Thematic areas across the documentation of 30 patients were analysed. (3)

(OP: orthopantomogram, AP: anteroposterior)
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1. Anamnesis 8. AP Cephalogram
2. Etiology 9. Joint Function
3. Photo Analysis 10. Other Disfunction
4. Cast Analysis 11. Bolton Analysis
5. WALA Ridge 12. Spacing

6. OP 13. Crowding

7. Lateral Cephalogram 14. Asymmetry

III.3 DEVELOPMENT OF A CUSTOM STRUCTURED REPORTING
PLATFORM

To address the development needs identified in the international literature regarding
documentation systems, as well as our validated hypotheses concerning inaccuracies in
our reporting practices, I collaborated with IT professionals from the Graid IT Solutions
Kft. (31) (Budapest, Hungary) to develop an evaluation template within Graid structured
reporting software. This template was designed specifically for the Department of
Paediatric Dentistry and Orthodontics (3) at Semmelweis University. The template was
designed to allow clinicians to input results from cephalometric, photographic, and model
analyses on an interactive platform while simultaneously establishing the clinic's
standardized SQL database. I organized the database thematically in line with the
sequence of routine diagnostic steps, paying particular attention to the specific needs of
the research teams at our clinic, such as those working in diabetes, cleft care, maxillofacial
surgery, temporary anchorage device (TAD), and other specialized fields. The SQL
database was selected for its platform-independent, set-oriented structure and
standardized query language capabilities. It allows for efficient data retrieval through
keyword queries and facilitates data export in Excel-compatible binary file format (XLS)
for further analysis. To ensure broad accessibility, the documentation database was
integrated into our hospital information system (HIS), which communicates with the
National eHealth Infrastructure of Hungary (Elektronikus Egészségiigyi Szolgaltatasi Tér
, EESZT). Later, with the establishment of the Institute for Clinical Data Management at
Semmelweis University (21), I identified the final location for our structured database at

the Semmelweis University Biobank Network (33). (2-3) This platform is essentially a
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robust, eCRF-like application equipped with form and report builders. Importantly, it was
designed for practicing clinicians, making all its functions highly medically oriented
(including visits, report generation, calculations between visits, etc.). With simple PHP
coding, it can be customized even without advanced IT expertise. Additionally, it
supports evaluation fields for performing calculations and allows integration of imaging

materials.

III.4 TESTING AN AI ALGORITHM TRAINED ON AUTOMATED
CEPHALOMETRIC LANDMARK DETECTION

As cephalometric analysis is the most time-consuming and detailed part of
orthodontic diagnosis, we collaborated with the IT specialists of Ceph Assistant Ltd.
(Budapest, Hungary) (34) to develop a reliable, automated solution. To further enhance
the speed and accuracy of orthodontic X-ray analysis, we simultaneously initiated work
on training an algorithm to identify cephalometric landmarks on lateral cephalometric
radiographs. A highly representative study preceded the incorporation of the Ceph
Assistant software into our clinic's routine diagnostics. Among the studies on software
solutions for cephalometry discussed in the literature, this research stands out for its
comprehensive, criteria-based evaluations, which directly assess the interaction between
clinicians and Al across a broad set of cephalometric landmarks and a wide range of
radiographic image qualities. (1)

The CNN model developed by Ceph Assistant was trained using a total of 1,600
lateral cephalograms, divided into four different training dataset (TD) quantities (inputs
of 400, 800, 1,200, and 1,600 images). After each TD were added, the model was
evaluated on a test set containing 78 images of varying quality. We expected the accuracy
and time efficiency of the model to improve as the training datasets increased, reflecting
this progress in our results. Most studies examine no more than 20 landmarks, frequently
excluding difficult-to-detect profile outlines and tangent points, that are nonetheless
routinely used by specialists in clinical practice. This selective approach may compromise
the statistical accuracy and clinical relevance of the findings. Our study considers 48
cephalometric landmarks (detailed in Table 2.) and compares evaluations of images of
varying quality, using models trained on four datasets of different sizes. The evaluation

with these landmarks covers dental, dentoalveolar- and alveolar deviations examined,
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based on the Rickett's and Hasund analysis, and can be used to analyse the entire skull,

jaw relationships, dentition and profile. (1)

Table 2. Cephalometric landmarks detected on all digital radiographic images and their

abbreviations. (1)

Number Landmark Abbreviation
Calibration point 1 Cal 1l
Calibration point 2 Cal 2

1. Mesial apex of mandibular 6 1LoMma

2. Mesial apex of maxillary 6 1UpMma

3. Downs A-point A

4. Articulare Ar

5. Downs B-point B

6. Basion Ba

7. Columella Co

8. Condylion Cond

9. Center of symphysis D

10. Soft tissue glabella GI'

11. Gnathion Gn

12. Soft tissue gnathion Gn'

13. Infradentale Id

14. Mandibular notch point Im

15. Lower incisor apex La

16. Lower incisor crown tip Li

17. Lower lip anterior point LI

18. Upper incisor labial outline Lslu

19. Mesial cusp of maxillary 6 Mélo

20. Menton Me

21. Soft tissue menton Me'

22. Nasion N

23. Soft tissue nasion N'

24, Orbitale Or

16



Number
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.

Landmark

Supra pogonion

Pronasale

Porion

Pogonion

Prosthion

Pterygoid point

Sella turcica midpoint
Center of sella's entry
Submentale

Subnasale

Posterior spine nasal
Anterior spine nasal
Stomion inferius

Stomion superius

Tangent 1/Gonion posterior
Tangent 2/Gonion Inferior
Trichion

Mesial cusp of maxillary 6
Distal contact of maxillary 6
Upper incisor apex

Upper Incisor crown tip
Upper lip anterior point
Condylion posterior

Soft tissue pogonion

Abbreviation
PM

Pn

Po

PoG

Pr

Pt

Se
Sm
Sn
SnA
SnP
Stm-i
Stm-s
T1

T2

Tr
U6
uéd
Ua
Ui

Ul
ppCond
sPoG

We measured the accuracy of Al-based landmark detection by statistical analysis of

intra- and interexaminer distance errors defined as Euclidean distances (LL2), as well as

examiner versus model predictions, furthermore by prognosis of consecutive diagnostic

failures. L2 distance, defined as the shortest distance between two points in a coordinate

system, is widely used in Al radiographic analysis due to its effectiveness in accurately

measuring and comparing landmark positions. To minimize clinician-induced errors in
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landmark detection accuracy, measurements were repeated eight times; twice by two
independent experts and four times by Al models with subsequent correction by a senior
expert. (1)

Shortly after, we successfully implemented the import of results, extracted by the
automated cephalometric program into our structured medical platform within the
Biobank. This advancement considerably reduces the time and effort required from our
colleagues by enabling the immediate and seamless transfer of complete diagnostic data

to the Biobank interface. (1)

II1.4.1 Data collection

Regardless of whether the radiographs showed dentures or orthodontic appliances, a
total of 1678 2D lateral cephalometric images (2485 x 2232), all uniformly downsampled
to a pixel size of 512 x 512, were randomly selected and anonymously downloaded from
the OnyxCeph3TM server at Semmelweis University, Department of Paediatric Dentistry
and Orthodontics. Altogether, 1600 cephalograms were manually (using mouse-
controlled cursor) evaluated by the orthodontists working at the clinic. Each evaluation
were completed based on Hasund and Ricketts’ analysis in the OnyxCeph3TM software
(Figure 2). Before data export each calibration and resolution elements of the recordings
were checked and verified by three experienced professionals. The X and Y coordinates
of each of the 48 landmarks were separately saved, along with the results of the digital
cephalometric evaluations manually performed by clinicians using the software. These
datasets were systematically organized, transferred, and subsequently utilized for training
the Al model of Ceph Assistant. (1)

78 cephalograms were randomly selected from a total of 1678 images and used as a
test dataset. To prove the representativeness of the test dataset, cross-validation was
performed on a set of 39 (50 %) and 20 (25 %) elements randomly selected 10000 times
from the 78 test samples. We calculated the percentage fluctuation of prediction for
comparing Al versus Al-corrected and Al versus gold standard as well, to confirm the

role of sample selection data over prediction or any reference. (1)
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II1.4.2 Training process and technical features of four prediction models

with varying training levels

The Convolutional Neural Network (CNN) of Ceph Assistant Al-architecture,
utilized in this study is specifically developed for landmark localization on lateral
cephalometric images, as a reference Al-based cephalometric solution. The TD consisted
of a total of 1600 lateral cephalograms, together with their corresponding preliminary
manual evaluations was stored in .xls/.xlsx format. The model underwent training on four
distinct datasets, containing 400/800/1200 and 1600 images, respectively. During each
training process, the model received cephalometric images as input and the manually

recorded location data of the 48 landmarks as output. (1)

II1.4.3 Testing at four different levels of the model

During testing, the test dataset was automatically analysed by the Al-model
following each training set (TD = 400/800/1200/1600 cephalometric images). Once the
test set was processed by the Al-algorithm, the senior examiner manually corrected
landmark using mouse-controlled dot tracing. The L2 distance errors were subsequently
calculated from the X and Y coordinates generated by the software during the evaluation
process. Manual evaluation of the test dataset was performed separately using a test
environment of the Ceph Assistant (Figure 3.), configured directly for this experiment.
The evaluation was performed by two experts with 4 (medior) and 10 (senior) years of
clinical orthodontic experience. The 78 cephalograms included images of 41 female and
37 male patients with an average age of 13.8 years. Both manual and Al evaluations
included 48 cephalometric landmarks of skeletal, dental and profile markers (Table 2.).

Time for each procedure was automatically recorded by the software. (1)
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Figure 3. Interface for manual evaluation in the Ceph Assistant software. (1,34)

[I1.4.4 Statistical analysis

A statistical analysis was performed on time efficiency and accuracy of landmark
detection achieved by the different methods. The average of the landmark coordinates,
calculated from the corrected landmarks detected by the senior expert on four different
occasions, was defined as the gold standard. After measurements were performed ten
times (2 “manual”, 4 “Al-corrected”, 4 “Al”), data were compared to the gold standard.
Euclidean (L2) distances were considered for distance errors, as L2 performed better than
Manhattan (L1) in research where directional information of the coordinates yielded less
difference and relevance. (35,36) After recognizing, that the quality of the test images
substantially influenced the decision of the experts on landmark positioning and time
taken for evaluation, we graded images based on quality. Statistical analysis was further
refined to identify differences associated with these variations. This process involved
precise calibration to ensure accurate comparisons between different image qualities. As
shown in Table 3., nearly one-fourth of the images were classified as either easy (scores
4 and 5) or difficult (scores 1 and 2) to analyse, while more than half (42) of the images
received a moderate rating (score 3). (1) Compared to Pearson correlation and t-test
statistical methods, the application of Kernel Density Estimation (KDE) proves to be a
more advantageous choice when testing Al-based radiographic analysis software,
particularly in examining the relationships between the algorithm and the physician. KDE

not only provides a continuous representation of the data distribution, but also has the
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ability to detect and model complex, nonlinear relationships that may not be well captured
by traditional linear models, such as Pearson correlation or t-tests. The primary advantage
of KDE lies in its ability to smooth out noise and mitigate potential errors arising from
consistent deviations, thus reducing the impact of distortions that can occur when relying
on conventional statistical methods. By visualizing the density function of the data
distribution, KDE serves as a more flexible and robust tool for accurate data analysis,
particularly when the data exhibit heterogeneous or complex structures. This approach
ensures more reliable and credible results by accurately capturing the true diversity of
data distributions, without being excessively influenced by random fluctuations or outlier
effects. To illustrate discrepancies in time measurements, we employed a violin plot chart,
as it can reveal clustering and distribution roughness, providing additional insight and
visual representation. (1,37) Histograms and a box plot diagram were used to compare
manual versus Al-corrected, manual versus Al-generated, and Al-generated versus Al-

corrected distances following each training dataset. (1)

Table 3. Distortion on evaluability of test images by quality scaling with 1-5 scores. (1)

Number of the X-ray Evaluability score of the X-ray Gender Age
1 3 Female 17
2 5 Male 29
3 3 Female 48
4 3 Female 9
5 3 Female 9
6 3 Male 22
7 3 Male 13
8 5 Female 16
9 3 Male 16
10 1 Male 16
11 3 Female 11
12 2 Male 14
13 3 Female 18
14 3 Female 18
15 3 Female 14
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Number of the X-ray Evaluability score of the X-ray Gender Age
16 3 Male 7
17 1 Male 13
18 5 Female 15
19 3 Male 10
20 3 Female 10
21 4 Female 10
22 3 Male 13
23 3 Male 14
24 3 Female 14
25 3 Female 17
26 4 Male 11
27 3 Female 14
28 4 Female 18
29 3 Female 17
30 2 Male 11
31 4 Male 16
32 3 Female 14
33 3 Male 12
34 3 Female 8
35 2 Female 11
36 2 Female 10
37 3 Female 13
38 2 Female 14
39 3 Male 16
40 3 Male 16
41 4 Male 13
42 3 Male 15
43 4 Female 15
44 2 Female 16
45 3 Female 15
46 3 Male 15
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Number of the X-ray Evaluability score of the X-ray Gender Age
47 2 Male 16
48 3 Male 13
49 2 Male 15
50 4 Female 8
51 3 Male 10
52 3 Female 10
53 4 Male 16
54 2 Male 15
55 3 Male 12
56 3 Male 12
57 2 Female 15
58 2 Female 12
59 4 Male 17
60 3 Male 7
61 3 Male 14
62 4 Female 16
63 2 Female 10
64 3 Female 14
65 3 Male 12
66 3 Female 13
67 2 Male 15
68 4 Male 9
69 3 Male 10
70 4 Female 16
71 3 Female 14
72 2 Female 24
73 4 Male 9
74 3 Male 13
75 4 Female 17
76 4 Female 14
77 2 Female 13
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Number of the X-ray Evaluability score of the X-ray Gender Age
78 5 Female 12

The scaling process in this study follows established methodologies for image analysis;
Scaling explanation:

Score 5: Adequately assessed, high-resolution image (total: 2).

Score 4: Adequately assessed, high-resolution image; however, the presence of
orthodontic appliances during image acquisition and other factors may have contributed
to visible blurry areas, though these are minimally distracting and did not affect analysis
integrity (total: 15).

Score 3: Blurred double lines hinder accurate area evaluation, suggesting potential patient
movement during image acquisition, complicating analysis (total: 42).

Score 2: Image quality is sub-optimal, with insufficient detail, making it challenging to
accurately identify cranial or profile landmarks (total: 17).

Score 1: Image resolution is inadequate, resulting in poor quality and insufficient detail,

thereby making it difficult to accurately identify both cranial and profile landmarks (total:
2).(1)
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IV. RESULTS

IV.1  FINDINGS FROM THE SYSTEMATIC REVIEWS

The authors of a Finnish study reviewed 89 papers on EHRs in 2008, highlighting
the need for reusable data and standardized terminology. They found that electronic
records improve healthcare documentation and suggested early research on integrating
Al tools into EHRs. These tools were found to rely on high quality, structured, accurate
data, as incomplete data do not support decision-making, research, or policy. (3,38-40)

Kruse et al. summarized 37 publications in a 2018 review, highlighting the limited
number of studies focusing on hospital information technology (HIT). Buntin et al.
reported that nearly 10% of the studies found negative outcomes regarding HIT
applicability, while Goldzweig et al. observed that HIT significantly enhanced healthcare
efficiency and productivity. Similarly, 81% of the studies included in Kruse et al.'s review
reported positive outcomes, while the remaining 19% may have been influenced by
confounding factors. (3,41-44) These findings reflect a broader policy trend: health care
providers are increasingly incentivized to adopt HIT as policymakers respond to rising
demands for quality and safety, and reimbursement models shift toward value-based
purchasing. (45)

According to a review published in 2020, the application of graph-theoretical
algorithms for visualizing and processing patient data, points toward a future in which
decision-support systems for diagnosis, differential diagnosis, medication, and therapy
may be developed. However, there are currently insufficient number of studies to predict
the full potential of this area. Most publications emphasize in this survey that clinical
documentation not only impacts the quality of patient care, patient safety, and the
incidence of medical errors but is increasingly used for quality assurance, financial
management and research purposes. (3,46)

Separately, a multicenter retrospective study published in 2022 and earlier work
using the QNOTE tool (Burke et al., 2014) demonstrated that structured clinical
documentation improves documentation quality—by as much as 20% - compared to
traditional narrative reporting. Structured notes were found to be more concise, easier to

assess, and more consistent across providers. (3,12,47-50)
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A 2021 systematic review presented quantitative and qualitative methods for
leveraging patient data from EHRs using advanced deep learning techniques and
mathematical code. Among the 49 reports analysed, 37 utilized structured patient data for
mathematical encoding. Findings demonstrated that, beyond model development,
advanced deep learning techniques enable Al to identify and address issues related to
patient data, thereby contributing to the optimization of healthcare processes and
advancing research. (3,51)

A systematic review from Denmark and Switzerland assessed the inter-institutional
and cross-border collection, sharing, and integration of healthcare data, focusing on
factors that hinder or facilitate data harmonization. Based on their findings, Denmark’s
centralized and Switzerland’s distributed governance model emphasizing health data
interoperability were identified as the most effective solutions. In Estonia, the
implementation of blockchain technology in healthcare aims to revolutionize data
management by establishing a secure and reliable patient record system. The review
concludes that although technical issues are critical in data harmonization, addressing
ethical, legal, social, and cultural challenges should also be considered. For instance, in
Iceland, a project to establish a national healthcare database failed due to the
underestimation of ethical and legal concerns, which should have been considered equally
important. (3,52-56)

When exploring Hungarian literature, a notable 2023 summary stands out,
highlighting the significance of personalized medicine within the framework of
Hungary's current and proposed medical models. This summary addresses emerging
challenges and needs in areas such as medical education, communication and data flow,
digital innovation and implementation, as well as legal and economic difficulties.
Structured health data collection was identified as a fundamental requirement for a well-
coordinated healthcare system, supporting both data accessibility and effective
communication. The summary refers to the expanded use of telemedicine and the EESZT
during the COVID-19 pandemic. It emphasizes the critical need for structured medical
databases to improve the effectiveness and cost-efficiency of personalized medicine in
Hungary, however noting that certain specifications, such as molecular oncology or
cardiology have already initiated efforts to develop such systems (Semmelweis Onkobank

or Semmelweis cardiac CT registry) within their networks. (3,57-58)
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Summarizing the key points identified throughout the review process, it becomes
evident that while technical challenges play a crucial role in data management, structured
and standardized documentation ensures retrievability and supports data reuse for
research, therapy monitoring and population assessments. However, this approach
restricts the expressiveness of reports by requiring the use of specific, predefined
keywords to describe anomalies. Structured documentation is preferred when data
reprocessing is necessary, as it allows for precise filtering based on keywords and
minimizes inconsistencies arising from the use of synonyms in narrative descriptions. In
contrast, traditional narrative documentation is more appropriate when reanalysis of data
is unnecessary. (3,59) The review notes, that most studies still focus on differences
between paper-based and electronic records, leaving the specific impact of structuring
and standardization on EHR quality unclear. Driven by the potential to enhance
personalized patient care, healthcare efficiency, cost-effectiveness, research outcomes,
and inter-institutional communication, we initiated a project on evaluating and improving
the existing documentation systems within our clinic. This process highlighted a critical
need, which led to the development of a novel, structured database that is expandable to

any specialty and applicable across various healthcare fields. (3,13)

IV.2 INTERNAL RESEARCH ON THE EFFICIENCY OF CLINICAL
DOCUMENTATION

After confirming that structured data collection and assessment is a promising
technique for improving medical documentation, diagnoses, therapy, and research
processes, we conducted a study within our clinic. Our goals were to evaluate internal
documentation practices, assess their effectiveness, identify deficiencies, and determine
areas requiring development.

In our study, we analysed the paper-based and PPT documentation of 30 patients
(n=60) across 14 key questions, aiming to retrieve a total of 840 desired answers. We
measured the number of answers (out of the total 420) found in each documentation
format, as well as the ratio of answers present versus absent. Responses were provided
for only 35% of the total patient history and diagnostic questions in the paper-based
documentation and 34% in the PPT format. In numerous instances, neither format, nor

their combined use offered sufficient information, severely restricting the number of cases
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that could be included in retrospective studies. We performed statistical tests (Pearson
correlation, one-sample t-test) on our results. We found no significant correlation between
the document type and the amount of recorded information, with a total of 290 responses
recorded, of which 50.3% were on paper-based and 49.7% in PowerPoint format (Table
4.). Table 4. presents the findings, with significant differences marked in red (indicating
a higher number of responses) and green (indicating a lower number of responses), while

white indicates less significant variations. (3)

Table 4. The documentation of 30 patients, including both paper-based records and PPTs
(n=60), was analysed across 14 thematic areas. (3) (OP: orthopantomogram, AP:

anteroposterior, values in bold indicate the most outstanding results)
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The null hypothesis of the p-chi-square test states that there is no association between
the responses to specific questions and the type of documentation (paper-based and PPT-
based). However the statistical test result, with a p-value of less than 0.05, indicates a
significant relationship between the documentation type and the number of responses to
the individual questions. According to Figure 4., a significant difference was found in the
frequency of information for individual patient history and diagnostic responses. Paper-
based documentation provided more responses for patient history and clinical

examinations, while PowerPoint-based documentation yielded more responses for photo

and radiographic image analyses. (3)
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Figure 4. The distribution diagram of 14 question areas according to the method of

documentation (paper-based or PPT format) for 30 patients. (3)

This may be attributed to the pre-printed templates used for paper-based patient forms,
while PPT templates are blank, which facilitates the digital storage and interpretation of
imaging data. The digital PPT documentation proved to be more effective in managing
imaging data, however, the imaging diagram in Figure 5. illustrates that information was
frequently missing in both the paper-based and PPT formats. This is particularly
remarkable, as OP and lateral cephalograms should be routinely performed and evaluated

for every orthodontic patient. (3)
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Figure 5. Inclusion of imaging results in the patient’s complete

documentation record (OP: orthopantomogram, AP: anteroposterior cephalogram). (3)

We measured the time taken to find the desired answers to the questions in the two
different documentation formats. A paired two-sample t-test was conducted to compare
the retrieval times for answers between paper-based and PPT-based documentation. The
t-value was 0.2099, with a p-value of 0.836 for a two-tailed test, indicating no significant
difference in retrieval times between the two formats. The F-value was 0.2643, with a
significance of 0.9978, further supporting the conclusion of no significant difference.
Based on the descriptive statistics, it can be concluded that the average retrieval times for
answers do not differ significantly between the two formats. However, PPT
documentation showed a consistent retrieval time, whereas paper-based records had a
more unpredictable distribution. In 40% of cases, retrieval from paper records was faster
than the shortest PPT retrieval time, but in 15% of cases, it was slower than the longest
PPT retrieval time. Overall, retrieval was faster in PPTs for 60% of cases and in paper
records for 40% (Figure 6., 7.). Considering the large sample sizes required for high-
quality research, both methods are time-intensive compared to the seconds or minutes

required to search in structured databases. (3)
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Figure 7. PPT retrieval time diagram. (3)

In summary, the previous methods of searching for only 14 answers (out of
approximately 130) in non-structured patient diagnostic data points, such as distances,
angles, and ratios - either manually on paper or digitally in PPT format - were often
incomplete and not fully retrievable. Despite the dual availability of the data, both the
paper-based text and the non-standardized digital formats proved unsuitable for structured
data analysis. This confirmed our hypothesis that digitizing and structuring the evaluation
template used at the Department of Paediatric Dentistry and Orthodontics, Semmelweis
University would improve documentation efficiency. These findings motivated the
development of a custom structured template for orthodontic evaluation, integrated into

a well-structured SQL database.
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IV.3  DEVELOPMENT OF AN OWN STRUCTURED REPORTING
SYSTEM

With the assistance of IT specialists of the Graid IT Solution Kft., we constructed a
comprehensive, structured orthodontic template that spans from detailed patient history,

through complex diagnostics to a long-term medical follow-up documentation platform,

designed specifically for research and clinical care purposes. (Figure 8.)

PFH/AFH (59-63%)

NL-ML (235%)

WITS appraisal (0-2 mm) Q

CVMS (1-6) Ac A

Maxilliary depth (90+3°)

SNA (82°)

Figure 8. Interface of a structered database in the Graid Software built and formulated for

orthodontic medical recording (1,31)

The template was designed to facilitate standard diagnostic procedures, while
simultaneously recording routine orthodontic measurements and calculations. I structured
the database thematically, aligning it with the sequence of diagnostic steps and tailoring
it to meet the specific needs of our clinic's research teams. This includes support for teams
focusing on diabetes, cleft care, maxillofacial surgery, TAD and other specialized fields.
In the patient history section of the template, the clinician systematically goes through
general medical, dental, and orthodontic anamnesis questions, with responses structured
in a yes/no format. Based on the responses, additional questions are generated (e.g.,
regarding diseases, types of allergies, dental or maxillofacial traumas, bad habits, hobbies,

or lifestyle inquiries) (Figure 9.), leading to the next section including extra- and intraoral
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Figure 9. Questions regarding allergies, bad habits, hobbies, or well-being inquiries.

clinical examination, and functional analysis forms. The orthodontic structured form was
subsequently expanded with additional sections customized to particular research
requirements, such as surveys on diabetes, twin comparisons, or miniscrew applications
(Figure 10., 11.).

Following this systematic approach, results from diagnostic processes, such as photo,
x-ray and dental cast analysis, relevant to orthodontic evaluations are collected for each
patient. Using the data provided by these diagnostic steps, the software automatically
calculates certain values, such as WALA ridge or Bolton discrepancy, based on specific
formulas. Additionally, the photo analysis section offers the option for a detailed macro-
and micro-aesthetic evaluation, along with profile and full-face analysis. For
cephalometric analysis, dental, profile, and skeletal indicators have been organized by
vertical and sagittal dimensions for the maxilla, mandible, and craniofacial skeleton. As

cephalometric analysis is the most time-consuming part of data collection, I have initiated
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efforts to automate both the analysis itself and its seamless integration into the database.
The training process and testing experiment on clinical relevance of the Ceph Assistant
software will be discussed in further detail.

Diabetes Mellitus?

O ves
Screws for distalization

from when?

09/17/2008 © Tiger Dental

- infrazygomatic screw: 2x14 mm DualTop (Tiger Dental)

Blood glucose level? palatal screw: 2 mm x 12 mm DualTop (Tiger Dental)

87 palatal screw- 2 mm x 14 mm DualTop (Tiger Dental)

palatal screw: 2 mm x 16 mm DualTop (Tiger Dental)

HbA1C level? palatal screw: 2,5 mm x 12 mm DualTop (Tiger Dental)

o = palatal screw: 2,5 mm x 14 mm DualTop (Tiger Dental)

palatal screw: 2,5 mm x 16 mm DualTop (Tiger Dental)

Ketone Body level? Savarnia Dental

0,7 Screws for mesialization
Diabetes therapy? Tiger Dental
Savaria Dental
es
Oy RMO
en
Or Screws for direct or ind inchorage
pump
. B interradicular bracket or button head: RMO 1.6X 8 mm
Insulin type? interradicular bracket or button head: AO 1,5 mmx8 mm

Gyors hatast és NPH human
inzulinok 25:75

Screws for expansion

ciiD © Tiger Dental

She/he uses a sensor

O ves palatal screw in M4 and M5 position: 2 mm x 12 mm DualTop (Tiger Dental)
Figure 10. Questions related to Figure 11. Questions related to studies of
studies of the diabetes research team. the miniscrew research team.

The problem list and planned therapy can be recorded point by point, allowing the
selection of various orthodontic interventions or types of specific appliances. For
instance, miniscrews of different sizes and surface designs from various manufacturers,
thereby supporting clinical research utilizing TADs. Notably, a non-Al-based decision
support system was also incorporated in this planning block, offering therapeutic
recommendations based on empirical data rather than serving as a rigid protocol.

An additional documentation form was created for patients undergoing dysgnathic
and other maxillofacial surgeries. This form enables precise recording of interdisciplinary
procedures (preoperative orthodontics, surgery planning, surgery, postoperative care and
orthodontics) carried out in collaboration with the Department of Oro-Maxillofacial

Surgery and Stomatology at Semmelweis University. Among other fields of medicine and
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dentistry, in dysgnathic surgery, traditional manual surgical templates and acrylic splints
have been replaced by stereolithography (STL) files generated by 3D digital software,
enabling precise recording of movements in all three spatial dimensions with degree or
millimetre level accuracy. This new technique generates extensive data that was
previously incomplete or unknown. Now, this information is systematically stored in a
structured format, making it accessible and organized rather than being dispersed across
unstructured patient records. (3)

The template now supports the systematic collection of anamnestic, full diagnostic,
and therapeutic data for each patient, encompassing approximately 130 parameters,
including distances, angles, and ratios, measured in millimetres, degrees, and percentages
respectively. These data are recorded in standardized tabular, listed, or graphical formats,
ensuring consistency in terminology. This advancement facilitates the long-term
processing of a substantially larger patient dataset for scientific research, offering a
marked improvement over traditional paper-based and PowerPoint documentation
methods while representing a significant milestone in the management of
interdisciplinary patient care and scientific research. This large volume of data also aids
the easy preservation and future utilization of information for both short- and long-term
postoperative assessments, including those examining recidivism or relapse. Evaluation
results can be easily queried anytime in XLS file format, and the user-friendly software
solution enables users to customize templates according to their medical specialties and
specific research needs, effectively addressing emerging issues and demands. After 3.5
years of working on this topic since 2020, developments at the Institute for Clinical Data
Management (21) at Semmelweis University provided the opportunity to add my
innovative solution into the newly established Semmelweis University Biobank (33).
With the successful transfer to the new platform, it is now freely accessible to
Semmelweis University colleagues while keeping the previously detailed user-friendly

features intact. (2-3)

IV4  ACCURACY OF AUTOMATED ANALYSIS IN
CEPHALOMETRY
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As previously mentioned, our team successfully integrated a tool to import the results
of cephalometric analyses performed by the Ceph Assistant Al software into our
structured database. To ensure the algorithm, trained on 1,600 cephalometric images, is
fast, precise, and provides clinically relevant data, we conducted a comprehensive study
to model and test its training phases. This allowed us to thoroughly evaluate the
algorithm's performance and confirm its clinical applicability before implementing it in
routine practice. Cross-validation results, with similar fluctuation values for semi-rotation
(3.07%, 3.095%) and quarter rotation (5.15%, 5.29%), confirm the representativeness of

our test dataset for clinical cases. (1)

IV.4.1 Time spent on evaluation

A comparative analysis was conducted to evaluate the time-efficiency of manual
cephalometric analysis performed by two experts versus automatic evaluation by the
Ceph Assistant model, and model prediction with subsequent corrections by a senior
examiner. On average, manual evaluations required 315 seconds more per sample
compared to the model's predictions, which took only 0.43 seconds. The first four violin
plots in Figure 12. demonstrate a significant reduction in the mean correction time (104—
167 seconds) as the AI algorithm was progressively upgraded with additional training

datasets. (1)
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Figure 12. Violin plot diagram on time spent by the two examiners on manual analysis
(fully manual) and the time spent by the Ceph Assistant model by progressing amounts
of training data (TD), on automatic evaluation followed by correction by the senior

examiner (Al-assisted). (1)

IV.4.2 L2 Distance errors in cephalometric landmark detection methods

We analysed the X and Y coordinates of each predicted cephalometric landmark
within a 2D coordinate system on digital X-ray images, following the algorithm's training
processes across all four dataset sizes. We examined the relevance of these predictions to
the average of manual corrections of the senior examiner, defined as the gold standard.
Initially, the Al-generated results were compared to the gold standard for cephalometric
landmark identification, serving as a benchmark for accuracy and reliability. (1) (Figure

13.)
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Distribution of L2 distances between manual average and Al-generated landmark points
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Figure 13. L2 distances between the coordinates of averaged manually corrected
landmarks and Al-generated landmarks analysed across varying amounts of training data

(TD). (1)

Mean L2 distances between Al predictions and the averaged gold standard ranged
from 2.4 to 2.9 mm (median: 1.9-2.4 mm) across the training levels, indicating that with
the increasing number of training samples (up to TD = 1200) the accuracy of the model
substantially improved. When considering Al-assisted manual corrections, the mean L2
distance further reduced to 1.75-2.1 mm (median: 1.3—1.7 mm), with performance
stabilizing after a training dataset size of 800 images. (Figure 14.) The increase in
standard deviation observed after the second measurement may be attributed to potential

variations in examiner decision-making under different circumstances. (1)
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Distribution of L2 distances between manual average and Al-corrected landmark points

Estimation process
—— Manual average vs Al-corrected [TD = 400]
—— Manual average vs Al-corrected [TD = 800]
0.4 —— Manual average vs Al-corrected [TD = 1200]
' Manual average vs Al-corrected [TD = 1600]
2
[0
E
+ 0.31
(]
o)
@
=
0]
D021
(]
£
Vs
0.1
DO T T T T T T T
0 2 4 6 8 10 12 14
L2 distance (mm)
5 L2 distance ; ;
L2 distance (mm) - L2 distance (mm) | L2 distance (mm) -
(mm) - manual ]
manual average vs A manual average | manual average vs
Al-corrected [TD currec;ge d [fD N vs Al-corrected | Al-corrected [TD =
= 400] [TD = 1200] 1600]
800]

Mean 2.097893 1.749552 1.911131 1.956179
Std 2.010346 5.116856 1.821007 1.839027
Min 0.028381 0.015061 0.014115 0.003157
50% 1.713629 1.314164 1.648657 1.652046
Max 45.160761 180.110467 46.589230 44.682014

Figure 14. L2 distances between the coordinates of the averaged corrected landmarks and

Al-corrected landmarks analysed across varying amounts of training data (TD). (1)

Substantial agreement was observed between the Al-generated and Al-corrected
landmarks (Figure 15.), with mean L2 distances ranging from 1.4 to 2.0 mm (median:
1.05-1.8 mm), depending on the model's training level. These findings highlight the
impact of Al on examiner decisions during manual dot tracing. To reduce errors
associated with the subjective bias of a single examiner, an independent manual

evaluation was performed by a second examiner. (1)
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Distribution of L2 distances between Al-generated and Al-corrected landmark points
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Figure 15. L2 distances between the coordinates of the Al-generated and Al-corrected

landmarks analysed across varying amounts of training data (TD). (1)

Measurements of the senior and medior examiners have been compared, as well as
between the landmarks identified by the senior examiner and those Al-corrected after TD
= 1600. The mean L2 distance between the two examiners, representing inter-examiner
error, was 2.0 mm (median: 1.7 mm) (Figure 16.), while the mean intra-examiner

variability was 2.1 mm (median: 1.7 mm) (Figure 17.). (1)
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Mean distribution of L2 distances between manually placed landmark points (interexaminer)
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Figure 16. L2 distances between the coordinates of the landmarks detected manually by

the senior and medior examiners. (1)
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Mean distribution of L2 distances between manually placed landmark points (intraexaminer)
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Figure 17. L2 distances between the coordinates of the landmarks detected manually by

the senior examiner and the averaged manually corrected coordinates. (1)

Additionally, the findings demonstrate that initial Al predictions assist clinician
decision-making, as illustrated by the box plot in Figure 18. In this analysis, L2 errors
were further evaluated based on the model's training level and the complexity of the
images (Table 3.). The box plot displayed here shows the L2 distances after correction
across all four models, categorized by radiograph quality. It is clearly visible that even in
the case of poor image quality, the evaluation can be performed within a 2 mm margin of
error when using the most complex algorithm trained on 1600 images. This deviation is
smaller than the differences measured between two specialists or between repeated
analyses by the same specialist. In the case of high-quality images, the L2 distance was

reduced to approximately 1 mm. (1)
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Figure 18. Box plot diagram illustrating mean L2 distances between Al-generated and
Al-corrected landmarks across different amounts of training data (TD) and varying image

quality levels. (1)

The L2 distance errors of the best models are presented in Table 5. and Table 6.
The main distinction between these tables is that Table 5. compares model predictions to
the gold standard, defined as the average of four corrected evaluations by the senior
examiner, whereas Table 6. reports L2 landmark errors relative to a single correction
performed using the latest version of the model's tool. Although the model performs well
compared to the average, the senior examiner shows larger displacements when
correcting the predictions than would be required according to the gold standard. This
indicates that the actual corrections are smaller than the average but may also reflect a
potential bias introduced by Al assistance, where the expert's adjustments could be
influenced by the Al's predictions. Nonetheless, the placement of both fully manual and

Al-assisted landmarks is considered practically acceptable. (1)
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Table 5. L2 distances between the average of manually corrected model predictions and

model predictions after TD = 1600 detailed for each landmark. (1)

Empty  Landmark Mean L2 Offset of centers Offset of centers Offset of centers

Cell distance (mm) 2D (mm) X (mm) Y (mm)
Cal | 1.637076 0.232855 0.186644 —0.139232
Cal 2 1.949541 1.029317 0.701492 —-0.753261
1 ILoMma  2.461322 0.592650 —0.343009 0.483300
2 1UpMma  2.464983 1.293880 —1.198248 —0.488188
3 A 2.025425 0.763167 0.401496 0.649018
4 Ar 2.060797 1.300355 —0.527451 1.188579
5 B 2.277940 0.861359 0.654628 0.559823
6 Ba 3.498204 2.640550 —-1.940610 1.790680
7 Co 2.398892 0.162771 —0.143024 —-0.077709
8 Cond 4.031917 3.818257 3.667022 1.063972
9 D 2.085304 0.680178 —0.614878 0.290805
10 Gl 2.611720 0.737790 0.138505 0.724672
11 Gn 1.975846 0.435858 —-0.207106 0.383510
12 Gn' 2.765901 0.995890 —0.990889 0.099674
13 Id 2.125472 0.570400 0.548000 0.158278
14 Im 3.423167 1.628828 —1.093928 1.206815
15 La 2.399474 1.149321 —0.476898 1.045709
16 Li 2.402736 0.277522 —-0.201019 —0.191338
17 Ll 3.064468 1.378565 —0.598300 1.241966
18 Lslu 2.251858 0.891643 0.102737 —0.885705
19 Mé6lo 2.493383 1.512762 -1.502171 0.178688
20 Me 2.658894 1.915190 —1.895412 —-0.274531
21 Me' 3.249505 2.061361 -2.061004 —0.038344
22 N 1.914186 0.518923 —0.513608 —0.074084
23 N' 2.987097 2.182778 0.270411 —2.165964
24 Or 2.523092 1.193867 —0.569866 1.049081
25 PM 3.278403 1.349037 -0.327414 —1.308702
26 Pn 1.986226 0.270457 0.218972 0.158739
27 Po 2.353079 1.561155 1.072080 —1.134834
28 PoG 1.961738 0.168991 —0.133283 —0.103892
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Empty  Landmark Mean L2 Offset of centers Offset of centers Offset of centers

Cell distance (mm) 2D (mm) X (mm) Y (mm)
29 Pr 1.916989 0.574963 —0.241903 —-0.521599
30 Pt 2.213844 0.713175 —0.602327 —0.381865
31 S 1.441243 0.757301 0.674090 —0.345119
32 Se 1.100986 0.246422 0.152383 0.193657
33 Sm 2.629311 0.842133 0.144136 0.829707
34 Sn 2.268836 0.401509 -0.016119 0.401185
35 SnA 2.260503 0.862765 —0.428025 —0.749105
36 SnP 3.781222 3.401066 -3.319714 —0.739422
37 Stm-i 2.344474 0.736194 0.383469 0.628437
38 Stm-s 2.427442 0.440965 0.342679 —-0.277527
39 T1 2.117115 0.371426 0.362880 0.079218
40 T2 3.278450 2.705884 1.354193 2.342642
41 Tr 2221228 0.636668 —0.449369 —0.451015
42 U6 2.282803 1.167137 —0.850259 —0.799543
43 u6d 3.252854 1.752945 —1.748208 —0.128778
44 Ua 2.062791 0.459479 —0.352060 0.295253
45 Ui 2.201745 0.434141 —0.431062 -0.051614
46 Ul 2.716757 0.864670 —0.263708 —0.823476
47 ppCond 2.767480 2.301227 0.445095 —2.257773
48 sPoG 2.494168 0.809869 —0.179820 —0.789654

Values in bold indicate the most outstanding results.

Table 6. L2 distances between model predictions after TD = 1600 and manually corrected

model predictions after TD = 1600 detailed for each landmark. (1)

Empty  Landmark Mean L2 Offset of centers Offset of centers Offset of centers

Cell distance (mm) 2D (mm) X (mm) Y (mm)
Cal 1 0.643981 0.388422 0.384959 —0.051754
Cal 2 1.236142 1.150663 0.899862 -0.717129
1 1LoMma  2.088942 0.731733 0.065373 0.728807
2 1UpMma  1.780922 0.962528 —0.806648 —0.525146
3 A 0.976627 0.483491 0.299513 0.379546
4 Ar 2.129158 1.561206 —0.423932 1.502546
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Empty  Landmark Mean L2 Offset of centers Offset of centers Offset of centers

Cell distance (mm) 2D (mm) X (mm) Y (mm)
5 B 1.280191 0.848967 0.792764 0.303761
6 Ba 3.410516 2.855413 -1.792093 2.223013
7 Co 0.387927 0.192925 0.161667 —0.105281
8 Cond 2.922712 2.663729 2.656214 0.199946
9 D 0.462214 0.371593 —0.245463 0.278979
10 Gl 2.061247 1.395480 0.174731 1.384497
11 Gn 0.560286 0.366428 0.132685 0.341561
12 Gn' 0.731179 0.342332 —0.332368 0.081989
13 Id 1.274109 0.771261 0.764531 0.101660
14 Im 2.939248 1.598290 —0.378901 1.552728
15 La 1.135205 0.917862 —0.213480 0.892691
16 Li 1.555915 0.068109 —0.019415 —0.065283
17 Ll 2.131087 1.321900 —0.435440 1.248124
18 Lslu 0.840191 0.609058 0.200682 —0.575047
19 Mélo 1.660013 0.942936 —0.890973 0.308700

20 Me 1.422967 1.346214 —-1.346151 0.013062
21 Me' 1.287331 1.087110 —1.081382 0.111444
22 N 0.959346 0.356402 —0.308718 —0.178088
23 N' 0.780227 0.679803 —0.108791 —0.671042
24 Or 1.458742 0.975813 —0.348082 0.911619
25 PM 1.051151 0.876947 0.565909 —0.669912
26 Pn 0.413855 0.238079 0.234168 —0.042974
27 Po 1.871023 1.625108 0.684366 —-1.473980
28 PoG 0.310770 0.095398 0.086747 —0.039696
29 Pr 0.853830 0.389805 —0.016424 —0.389459
30 Pt 1.779997 0.548484 —0.542283 0.082244
31 S 0.843171 0.659604 0.647199 —0.127323
32 Se 0.224547 0.026718 —-0.007611 0.025611
33 Sm 1.767907 0.954243 0.228237 0.926546
34 Sn 0.876506 0.445288 0.313968 0.315762
35 SnA 1.712885 0.765973 —0.270384 —0.716664
36 SnP 2.817688 2.599645 —2.529856 —0.598315
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Empty  Landmark Mean L2 Offset of centers Offset of centers Offset of centers

Cell distance (mm) 2D (mm) X (mm) Y (mm)
37 Stm-i 0.596301 0.336120 0.037379 0.334035
38 Stm-s 0.544540 0.130432 0.084280 —0.099546
39 T1 1.369595 0.212281 0.211934 0.012134
40 T2 2.321326 1.976671 0.464824 1.921241
41 Tr 0.377330 0.073026 0.040836 0.060541
42 (8] 1.407054 0.915504 —0.784272 —0.472297
43 u6d 1.645479 0.923445 —0.759399 0.525418
44 Ua 1.140231 0.643875 -0.631138 —0.127439
45 Ui 1.133775 0.076869 0.018179 0.074689
46 Ul 1.276720 0.878373 0.027640 —0.877938
47 ppCond 2.602839 2.383307 0.052730 —2.382724
48 sPoG 0.969945 0.469860 0.033531 —0.468662

Values in bold indicate the most outstanding results.

When L2 errors were analysed for the Al-corrected landmarks after TD = 1600, the
highest distances were observed at Condylon (4.0 mm), while the lowest was at the centre
of Sella's entry (1.1 mm) (Table 5.). In comparison, when L2 errors between Al-corrected
and model-predicted landmarks after TD = 1600 were evaluated, the highest errors were

noted at Basion (3.4 mm), and the lowest at the centre of Sella's entry (0.2 mm) (Table
6.). (1)

IV.4.3  Errors in clinically relevant diagnostic measurements

In orthodontics, relevant diagnostic and treatment data, such as angles and
proportions, generally rely on at least three landmarks. Therefore, L2 errors in X and Y
coordinates alone offer limited clinical relevance. To better understand the clinical impact
of L2 discrepancies, we calculated how these errors affected specific orthodontic
reference angles and proportions. For key angles determined by three landmarks, the
mean angular difference between the model’s predictions after TD = 1600 and the

manually measured values ranged from 0.17° to 1.09° (Table 7.). (1)
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Table 7. Angular differences between the model predictions after TD = 1600 and the

manual average for angles determined by three cephalometric landmarks. (1)

Reference

SNA angle

SNB angle

ANB angle

SNPog
angle

Method

Manual average
and Al 1600

Manual average
and AI 1600

Manual average
and AI 1600

Manual average
and AI 1600

Mean reference

angle (deg)

—82.087991

-77.652970

4.435581

—-78.659431

Mean predicted
angle (deg)

—-80.997427

—-76.731267

4.267428

—78.349143

Mean angular

difference (deg)
1.090385
0.922000

—0.168466

0.310633

Similarly, the angular differences for angles determined by four cephalometric

landmarks ranged from 0.05° to 1.86° (Table 8.). (1)

Table 8. Angular differences between the model predictions after TD = 1600 and the

manual average for angles determined by four cephalometric landmarks. (1)

Reference
Facial angle
Gonion angle
Interincisal

angle

IMPA angle

Method

Manual average
and AI 1600

Manual average
and Al 1600

Manual average
and Al 1600

Manual average
and AI 1600

Mean reference
angle (deg)

90.729613

120.646687

128.086133

98.796140

Mean predicted
angle (deg)

92.592710

119.763093

126.961123

98.769588

Mean angular

difference (deg)
1.861190
—0.886658

-1.117114

—0.053833

Furthermore, a discrepancy was observed in the proportion of lower and upper facial

heights, calculated using three landmarks (N, SnA, Me). Analysis of 78 cephalograms

revealed that the predicted ratio deviated by 3.14% from the gold standard after TD =

1600. In this case, as observed previously as well, the model predicted better results

(0,8%) compared to the gold standard after training with TD = 1200. This supports our
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hypothesis that beyond a certain training cycle, the model we investigated performs

equally well (Table 9.). (1)

Table 9. Rational differences between the model predictions after each TD and the manual

average for proportions determined by three cephalometric landmarks (N, SnA, Me). (1)

Mean Mean Piecewise Ratio of
Ratio Reference Method Reference Method Ratios (%)
Ratio (%) Ratio (%) ¢

Upper-lower

facial height Cephsggfr/[ean— ceph57_400_AT 0792934 0.837030 1059675
index

Upper-lower

facial height Cephsggfr/[ean— ceph57_800_AT 0792934 0.819494 1037539
index

Upper-lower ceph57_Mean ceph57_1200

facial height = - ~ - 0.792934 0.797356 1.008395
index Corr Al

Upper-lower ceph57_Mean ceph57_1600

facial height = - ~ - 0.792934 0.815168 1.031477
index Corr Al
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V.  DISCUSSION

This study aimed to explore the growing demand for modern digital tools,
streamlined electronic workflows, Al assisted tools and efficient data processing within
the medical sector. This study was based on an internal evaluation of our routine medical
recording practices. We aimed to assess the efficiency and accuracy of our current
methods, while also identifying the limitations and potential weaknesses inherent in our
recording processes. The ultimate goal of this work was to develop a customized interface
within a structured reporting database, ensuring its seamless integration into daily medical
and research practices while supporting future statistical analyses and scientific
investigations. Furthermore, I sought to optimize the recording processes by
incorporating time-efficient and accurate diagnostic Al tools, particularly in
cephalometry, which had been previously tested for clinical accuracy. While every study
has its limitations that may affect the results, efforts have been made to minimize potential
errors and inaccuracies in both the internal research and the testing of the algorithm
trained for automated cephalometric analysis.

According to the reviewed literature, electronic information systems support
healthcare documentation (by maintaining electronic health records) and provide
essential data for research, education, patient care, and quality assurance. Moreover, the
advancement of electronic health records carries both health policy and economic
significance and is expected to drive global transformations within the healthcare sector.
Although research primarily focuses on the difference between paper and electronic data,
recent studies providing evidence that structured and standardized data management
impacts the quality of medical record, enabling data reuse when necessary and facilitating
healthcare professionals' documentation activities. (3)

One of the distinctive strengths of our clinic within the specialty is the
interdisciplinary collaboration among multiple physicians in developing treatment plans,
whether based on a unified or diverse conceptual and methodological approach. This
cooperative framework may facilitate the generation of extensive, comparable datasets,
substantially enhancing the efficacy of both our research activities and patient care
practices. However, the reuse of this high-value data is limited due to the absence of
structured, accessible, and transparent data management systems. In the current

unstructured and difficult-to-search datasets - often referred to as a "data lakes" - even
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with strong communication channels and close collaboration among physicians do not
ensure the inclusion of all relevant subjects in studies and the optimal utilization of the
benefits offered by the large patient database. Findings from our internal study indicate
that the type of documentation significantly influences response rates, with notable
variations in the accessibility of individual responses to common anamnesis and
diagnostic questions. However, in most cases, the existing recording system proves
insufficient for supporting patient care or high-quality research. Despite the availability
of multiple data entry methods, our findings highlight that the lack of transparency and
retrievability often results in physicians losing track of critical information.
Consequently, a complete set of medical history and diagnostic data is rarely available
for any given patient, even with considerable effort dedicated to data collection. For
instance, conducting a retrospective study on 100 patients would require the individual
review of their records, PPT documentation, or other unstructured databases within
certain HIS systems. This process is not only highly time-consuming but also largely
inefficient, as a significant portion of data is lost during storage. At our clinic, most
patients are monitored during their active growth phase; a period characterized by
ongoing anatomical, morphological, and biological changes that we aim to influence.
Reusing data from multi-year treatments and later stages can provide valuable insights,
particularly regarding the effectiveness of treatment methods and devices, thereby
validating our initial assumptions over time. (3)

In summary, structured data utilization may enhance the value of our services in
patient care, education, research, and economics, while standardization drives unified
process optimization across our dental institute. This solution is easily adoptable by
healthcare professionals, facilitates seamless integration into daily practice, promotes
collaboration between institutions and authorities, and lays the groundwork for
interdisciplinary therapies, research, and interoperable channels within and beyond
national borders. (3)

Based on these findings and the growing demand for data reusability in Hungary,
development teams of IT specialists and healthcare professionals have been motivated to
optimize processes. In response, we developed a structured database to efficiently manage
large volumes of patient data. Our efforts to optimize the workflow of our outdated

documentation system aim to improve patient care quality and potentially enhance both
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the quantity and quality of our scientific publications in the long term, while also focusing
on transforming the initial administrative burden on healthcare workers into substantial
long-term benefits. (2,3,13,47)

Our template in the new SQL database supports our colleagues' daily diagnostic
routines (photo, X-ray, and model analysis) and has been integrated into our hospital
information system, allowing communication with the National eHealth Infrastructure of
Hungary. The template is flexible, enabling expansion, edits, and updates to include
additional information or meet specific needs. If necessary, we can create new templates
based on the patient history and diagnostic principles of any medical field. (2-3)

The opportunity to integrate our reporting system into the university's newly
established Biobank (33) at the Institute for Clinical Data Management (21), inaugurated
shortly after our work was completed, underscores the critical need for such tools and
highlights the rapid advancements in Hungary’s clinical data management and
biobanking methodologies. This is further evidenced by the successful integration of
result tables from the Al-based lateral cephalometric analysis software, Ceph Assistant
into our reporting template. This milestone led to the development of a unique, structured
orthodontic reporting tool with a concept, structure and level of complexity that, to our
knowledge, has not been reported in international studies or made publicly accessible in
routine clinical practice. This platform will become even more distinctive and
unparalleled globally once we can integrate the results of the automated photo analysis
(Figure 19.) from the latest version of Ceph Assistant into our structured reporting
interface. These statements reflect the completion of ongoing developments rather than
future intentions.

To ensure the reliability of the integrated model, high-quality training and evaluation
have been achieved through standardized protocols, diverse samples, and thorough
statistical analyses, supporting the development of a robust Al model. We found that with
the application of a well-trained Al algorithm the precision of orthodontic cephalometric
analysis showed less variability between models than the variability observed among
human experts. Al predictions enhanced the accuracy and efficiency of landmark

identification, particularly as the automatic prediction model advanced.
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Figure 19. Automated photo analysis tool from the Ceph Assistant software.

Our research demonstrated a clear improvement in time efficiency (5.25 minutes) and
significant advancements in precision during the training process of the Ceph Assistant
algorithm. Even when corrections are needed for landmarks predicted by models trained
on smaller datasets, evaluation times were reduced to less than half compared to fully
manual dot tracing. Furthermore, accuracy assessments showed that the corrected
predictions of the most advanced Al model achieved high level of precision even under
suboptimal imaging conditions, with landmark detection errors consistently remaining
within the range of discrepancies observed between two experts or between repeated
evaluations by the same specialist (~2 mm). In the case of high-quality images, the L2
distance was reduced to approximately 1 mm. Results support the hypothesis that
examiners make minor corrections to Al predictions, indicating that Al assistance

influences decision-making during cephalometric analysis. The accuracy of the latest
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model exceeded that of human examiners, with angular (0.05°-1.86°) and proportional
(3.14%) errors considered clinically acceptable. This highlights the practicality of Al-
assisted workflows in clinical settings. (1)

The extension of training data improved model precision, but the small
improvements were occasionally clinically insignificant, as tool noise remained lower
than examiner noise. Nevertheless, higher quality models are advantageous, as they
produce better results with less correction. Previous studies report lower intra- and inter-
examiner variability in some cases, which could be attributed to variations in exclusion
criteria and the greater number of landmarks in our study. (60, 61) While our model's
average prediction distance slightly exceeded the 2 mm criterion set by C. W. Wang et
al. (62-64) for dental radiography analysis, the median prediction distance remained well
within the clinically acceptable range. This discrepancy can likely be attributed to the
inclusion of more difficult landmarks in our evaluation compared to other studies.
Additionally, the angular and ratio errors between Al and human dot tracing showed
promising results, supporting the clinical relevance of our model's accuracy. Further
studies could investigate the therapeutic implications by examining the impact on
treatment planning or evaluating the long-term outcomes of therapies guided by the
model's predictions and expert assessments. (1)

In summary, based on accessible international literature and current knowledge,
this work represents a pioneering effort in managing a complex and comprehensive
structured database in dentistry, specifically in the field of orthodontics, enhanced with
Al solutions and decision-support capabilities. We demonstrated that, with sufficient
high-quality data, an AI model can serve as an accurate diagnostic tool across both spatial
and temporal dimensions. This study highlighted both the advantages and potential
limitations of the approach and showed, using clinically relevant data, that Al-predicted
cephalometric landmarks enable more precise angular and proportional calculations. This
facilitates accurate orthodontic diagnosis in a significantly reduced timeframe. Our most
accurate model may serve as a robust baseline for analysing lateral cephalograms,
substantially improving diagnostic efficiency in orthodontics. With the extensive and
high-quality data generated through this combined system, a fully autonomous workflow
could be developed, eventually eliminating the need for manual corrections. Future

research should investigate how evaluation errors and biases influence therapeutic
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outcomes, while further refining Al models by incorporating malocclusion-specific
datasets and diverse evaluation methods to enhance precision and clinical utility. (1,65)
My ultimate goal is to develop a comprehensive Al-driven solution capable of
recognizing patterns, correlations, and connections between various data points. Such a
tool could support clinical decision-making and facilitate the identification of relevant

correlations for research purposes.
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VI

CONCLUSIONS

Our findings, along with those from individual studies, confirm that structured
and standardized documentation substantially improves the quality of medical
records, providing valuable opportunities for data reuse when required. This
approach benefits medical professionals by facilitating patient management,
enabling effective utilization of their expertise, enhancing educational tasks, and
contributing to scientific progress. However, the initial implementation of such
methods may increase administrative burdens for healthcare professionals,
prompting us to develop a user-friendly interface that is easy for our colleagues

to learn and use.

To the best of my knowledge and based on the currently available international
literature, I am the first to develop a structured orthodontic reporting interface
that is not only unique worldwide but also, due to its complexity and
interdisciplinary nature, provides a novelty method both in research and clinical
practice. With potential future expansions and collaborations with other clinics,
may help to refine diagnostic approaches, extend clinical utilities, optimize patient
pathways and care, enhance medical education, and strengthen competitiveness in

the academic field.

Additionally, I contributed to the development of clinically acceptable Al software
for cephalometric analysis, which underwent rigorous validation through
extensive scientific research prior to its implementation in clinical practice and
market introduction. Our study demonstrates that a well-trained Al algorithm
effectively supports radiological diagnostics. Modern prediction tools,
particularly in cephalometric evaluation, provide notable time efficiency benefits.
As automatic prediction models continue to improve through advanced training,
Al-assisted predictions enable clinicians to identify landmarks with greater
accuracy and speed compared to traditional manual techniques. These results

highlight the potential of AI models to optimize clinical workflows. Further
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research is required to assess the long-term treatment implications of these

advancements.

Following the successful validation of the Al tool through a comprehensive study,
the software was integrated into our structured template, enabling effortless
access to its results. This integration has produced a tool that addresses a critical
procedural, technical, and conceptual gap in dentistry, particularly within
orthodontics. Its interdisciplinary relevance extends beyond research, offering

value to healthcare, medicine, economics, I'T, and even policymaking in Hungary.

Together, these findings and innovations provide substantial benefits that are
expected to drive the present and future development of the Faculty of Dentistry.
However, this work extends beyond its current scope. The establishment of the
structured database has created opportunities for extensive follow-up studies on
large populations, various anomalies and an expanding range of tools driven by
rapid advancements in digitalization. These studies aim to identify correlations
between diagnostic and therapeutic procedures, patient groups, and long-term

outcomes - marking the beginning of a new phase of exploration.
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VII. SUMMARY

Working at a globally renowned university that prioritizes patient care, education,
and research, I recognized that achieving maximum effectiveness requires return to the
fundamental principles - specifically optimizing clinical workflows through structured
and standardized medical recording. This dissertation addresses the urgent need for
innovative data processing systems in healthcare, exploring both the current and future
applications of EHRs and their potential integration with Al tools in diagnostic
procedures, particularly in orthodontics to improve both efficiency and quality of medical
services.

The study involved a systematic review, supplemented by original empirical
research conducted within our clinic. The findings emphasize the significance of
advancing diagnostic practices and the broader field of medical data management. This
work lead to the establishment of a structured database and the development and
integration of an Al algorithm for automated cephalometric analysis, which underwent a
rigorous validation through a comprehensive study. However, my work does not end here.
The foundation of the structured database has created opportunities for extensive follow-
up studies on large populations, various anomalies, and an increasing number of tools
enabled by rapid development and digitalization. These studies aim to find correlations
between diagnostic procedures, groups of anomalies, and the results of long-term
treatment outcomes, signalling the beginning of a new phase in data-driven medical
research.

To the best of my knowledge and based on a recent review of medical literature,
no other structured reporting template for orthodontics matches the complexity and
comprehensiveness of the one I developed and published. However, my efforts have
never been driven by the desire for pioneering status. Instead, my primary goal has been
to develop a model that can be widely adopted as a fundamental component of clinical
and research methodologies. I hope that this work will soon be integrated into standard

practice, rather than persist as a novel innovation.
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Introduction

Machine Learning (ML) plays a crucial role in a wide range of
modern professions, including medicine and orthodon-
tics.””> Technological innovations are the driving forces
behind the rapid advancement of modern dentistry, as re-
flected in studies of the last decades, focusing on the use of
Artificial Intelligence (Al) tools to optimize particular
diagnostic workflows. "3

Numerous reviews show promising results in the appli-
cation of Al in the early prediction of treatment needs, in
determining the demand for orthognathic surgery or tooth
extraction, in predicting cephalometric landmarks on 2D or
3D radiographs, as well as in identifying maturational
properties of a growing patient.>* The reliability of these
Al-assisted software applications is influenced by several
factors; beside others, by the quality of the input dataset,
the number of training cycles of the algorithm, and the
characteristics of the algorithm itself. According to the
latest cephalometric study in Journal of Dental Sciences,
shared by Lee et al.,* the standardization of manual land-
mark detection, image quality, and image sample might
affect tool performance. Kim et al.> highlight that the
variability of errors in these models built for automated
cephalometric analysis goes beyond individual landmarks,
algorithms, or training image quantities, but also identifies
inconsistencies across institutional outcomes.’

Statistical analysis of Al-assisted cephalometric evalua-
tions have been conducted using various algorithms trained
on diverse quantities of training sets.”~” Some studies show
favorable outcomes even with limited data (n = 1028),° and
others achieve comparable results with larger input datasets
(e.g.n = 1792 or n = 3150).>7 According to Kang et al.,® the
mean distance error in determining cephalometric land-
marks by different Al-algorithms ranges from 1.1 t0 4.09 mm,
based on findings from 3 reviews, summarising more than 165
studies on the topic.® Distance errors between manually
annotated and model-predicted landmark coordinates are
typically defined as Euclidean distances.>® Assessing the
clinical relevance of landmark detection accuracy in ceph-
alometric analysis is challenging as subjective diagnostic
estimations of clinicians often contain meaningful errors,
even with repeated evaluations of the same examiner. AnaR.
Durao et al.'® have revealed that despite a considerable
number of publications on cephalometric analysis (n = 968),
only a limited number of studies have examined the validity
and reliability (n = 16) of 2D landmark detection on cepha-
lograms, as articles prioritise 3D assessments.'? The inte-
gration of Al prediction models into everyday processes has
substantially altered this landscape over the past deca-
de."""® However, there are still insufficient data on diag-
nostically and therapeutically relevant metrics measured by
various tools for cephalometric analysis.

Most studies examine a maximum of 20 landmarks and
disregard difficult-to-detect profiles and tangent points that
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Table 1

Names and abbreviations of the cephalometric

landmarks detected on all digital radiographic images.

Number Name Abbreviation
Calibration point 1 Cal 1
Calibration point 2 Cal 2
1. Mesial apex of mandibular 6 1LoMma
2. Mesial apex of maxillary 6 1UpMma
3. Downs A-point A
4. Articulare Ar
5. Downs B-point B
6. Basion Ba
7. Columella Co
8. Condylion Cond
9. Center of symphysis D
10. Soft tissue glabella Gl
11. Gnathion Gn
12. Soft tissue gnathion Gn’
13. Infradentale Id
14. Mandibular notch point Im
15. Lower incisor apex La
16. Lower incisor crown tip Li
17. Lower lip anterior point LL
18. Upper incisor labial outline Ls1u
19. Mesial cusp of maxillary 6 Mélo
20. Menton Me
21. Soft tissue menton Me’
22. Nasion N
23. Soft tissue nasion N’
24. Orbitale Or
25. Supra pogonion PM
26. Pronasale Pn
27. Porion Po
28. Pogonion PoG
29. Prosthion Pr
30. Pterygoid point Pt
31. Sella turcica midpoint S
32. Center of sella’s entry Se
33. Submentale Sm
34. Subnasale Sn
35. Posterior spine nasal SnA
36. Anterior spine nasal SnP
37. Stomion inferius Stm-i
38. Stomion superius Stm-s
39. Tangent 1/Gonion posterior T1
40. Tangent 2/Gonion Inferior T2
1. Trichion Tr
42. Mesial cusp of maxillary 6 ué
43. Distal contact of maxillary 6 Uéd
44, Upper incisor apex Ua
45. Upper Incisor crown tip Ui
46. Upper lip anterior point ul
47. Condylion posterior ppCond
48. Soft tissue pogonion sPoG
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are used by specialists in clinical practice but can degrade
statistics. This study considers 48 cephalometric landmarks
(Table 1) and compares evaluations of images of varying
quality, using models trained on four datasets of different
sizes. The evaluation with these landmarks covers dental,
dentoalveolar- and alveolar deviations examined, based on
the Rickett’s and Hasund analysis, and can be used to analyse
the entire skull, jaw relationships, dentition and profile.
Among the experiments with available software solu-
tions, the model we tested is notable for its comprehen-
sive, criteria-based assessments that directly investigate
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the physician-Al relationship. To minimize clinician-induced
errors in landmark detection accuracy, measurements were
repeated eight times; twice by two independent experts on
four separate occasions.

In this study, our aim was to prove the significance of the
quality and quantity of training data for the accuracy and
the time efficiency of a ML model (hereafter’Al’) in clinical
applications, using a relatively large dataset of 1678 im-
ages. However, we hypothesised that after a certain
amount of training data, further increasing the training
datasets (TD) yields marginal improvements. Our objective
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Interface for manual evaluation in the Ceph Assistant software.
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Table 2 Distortion on evaluability of test images by
quality scaling with 1-5 scores.
Number of Evaluability Gender Age
the X-ray score of

the X-ray
1 3 Female 17
2 5 Male 29
3 3 Female 48
4 3 Female 9
5 3 Female 9
6 3 Male 22
7 3 Male 13
8 5 Female 16
9 3 Male 16
10 1 Male 16
11 3 Female 11
12 2 Male 14
13 3 Female 18
14 3 Female 18
15 3 Female 14
16 3 Male 7
17 1 Male 13
18 5 Female 15
19 3 Male 10
20 3 Female 10
21 4 Female 10
22 3 Male 13
23 3 Male 14
24 3 Female 14
25 3 Female 17
26 4 Male 11
27 3 Female 14
28 4 Female 18
29 3 Female 17
30 2 Male 11
31 4 Male 16
32 3 Female 14
33 3 Male 12
34 3 Female 8
35 2 Female 11
36 2 Female 10
37 3 Female 13
38 2 Female 14
39 3 Male 16
40 3 Male 16
41 4 Male 13
42 3 Male 15
43 4 Female 15
44 2 Female 16
45 3 Female 15
46 3 Male 15
47 2 Male 16
48 3 Male 13
49 2 Male 15
50 4 Female 8
51 3 Male 10
52 3 Female 10
53 4 Male 16
54 2 Male 15

(continued on next page)
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Table 2 (continued)

Number of Evaluability Gender Age
the X-ray score of

the X-ray
55 3 Male 12
56 3 Male 12
57 2 Female 15
58 2 Female 12
59 4 Male 17
60 3 Male 7
61 3 Male 14
62 4 Female 16
63 2 Female 10
64 3 Female 14
65 3 Male 12
66 3 Female 13
67 2 Male 15
68 4 Male 9
69 3 Male 10
70 4 Female 16
71 3 Female 14
72 2 Female 24
73 4 Male 9
74 3 Male 13
75 4 Female 17
76 4 Female 14
77 2 Female 13
78 5 Female 12

The scaling process in this study follows established method-
ologies for image analysis:

Scaling explanation:

Score 5: Adequately assessed, high-resolution image (total: 2).
Score 4: Adequately assessed, high-resolution image; however,
the presence of orthodontic appliances during image acquisition
and other factors may have contributed to visible blurry areas,
though these are minimally distracting and did not affect
analysis integrity (total: 15).

Score 3: Blurred double lines hinder accurate area evaluation,
suggesting potential patient movement during image acquisi-
tion, complicating analysis (total: 42).

Score 2: Image quality is sub-optimal, with insufficient detail,
making it challenging to accurately identify cranial or profile
landmarks (total: 17).

Score 1: Image resolution is inadequate, resulting in poor
quality and insufficient detail, thereby making it difficult to
accurately identify both cranial and profile landmarks (total:2).

was to show on clinically relevant data that cephalometric
landmark predictions of an Al-model facilitate more accu-
rate angle and proportional calculations, thereby enabling
a proper orthodontic diagnosis in a shorter time. It presents
the novel finding, that given sufficient and high-quality
data, an Al-model can serve as a precise diagnostic tool in
both spatial and temporal contexts, outlining its advan-
tages and potential drawbacks.

Materials and methods

The study was approved by the IRB of Semmelweis Uni-
versity, Budapest, Hungary (SE-RKEB number:112/2021).
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Due to the retrospective nature of the study, the ethics
committee waived the requirement for informed consent.
Using four different dataset quantities, we trained a new
Al-model developed by Ceph Assistant Ltd. (Budapest,
Hungary) and evaluated it on a test dataset. We expected
the accuracy and time efficiency of the model to improve as
the TD increased, reflecting this progress in our results.

Data collection

Regardless of whether the radiographs showed dentures or
orthodontic appliances, a total of 1678 2D lateral cepha-
lometric images (2485 x 2232), all uniformly down-
sampled to a pixel size of 512 x 512, were randomly
selected and anonymously downloaded from the Onyx-
Ceph3TM (Chemnitz, Germany) server at Semmelweis
University, Department of Paediatric Dentistry and Or-
thodontics  (Budapest, Hungary)'® (hereafterClinic’).
Altogether, 1600 cephalograms were manually (using
mouse-controlled cursor) evaluated by the orthodontists
working at the Clinic based on Hasund and Rickett’s
analysis in the OnyxCeph3TM software (Fig. 1). Calibration

and resolution elements of the recordings were checked,
and the cephalometric evaluations were verified by three
experienced professionals. The X and Y coordinates of
each of the 48 landmarks were saved separately, exported
and used to train the Ceph Assistant Al-algorithm."

A test dataset consisting of 78 cephalograms was used,
randomly selected from a total of 1678 images. To prove
the representativeness of the test dataset, cross-validation
was performed on a set of 39 (50 %) and 20 (25 %) elements
randomly selected 10000 times from the 78 test samples.
We calculated the percentage fluctuation of prediction for
comparing Al versus Al-corrected and Al versus gold stan-
dard as well, to confirm the role of sample selection data
over prediction or any reference.

Training process and technical features of four
prediction models with varying training levels

This study utilised the Ceph Assistant'® Al-architecture, a
Convolutional Neural Network (CNN) specifically developed
for landmark localization in lateral cephalometric images,
as a reference Al-based cephalometric solution. The TD

400 -

350

300 -

250 A

200 -

Manual processing time (sec)

100 -
50 -
Al»aséisted AIAassl;isted Al—ass';isted Al-as;isted Fully n'nanual
[TD = 400] [TD = 800] [TD = 1200] [TD = 1600]
Estimation process
Estimation process Mean Std Min 50% Max
Fully manual 31591 32351 254.71 310.99 407.14
Al-assisted [TD=400] 167.02 26.79 126.08 162.97 259.37
Al-assisted [TD=800] 156.17 2120 106.77 15233 227.80
Al-assisted [TD=1200] 127.36 2935 69.92 124.47 236.57
Al-assisted [TD=1600] 104.12 22:50 65.70 99.79 162.70

Figure 3

Violin plot diagram on time spent by the two examiners on manual analysis (fully manual) and the time spent by the

Ceph Assistant model by varying amounts of training data (TD), on automatic evaluation followed by correction by a single

examiner (Al-assisted).

834



Journal of Dental Sciences 20 (2025) 830—843

Distribution of L2 distances between manual average and Al-generated landmark points
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Figure 4
training data (TD).

consisted of a total of 1600 lateral cephalograms, together
with their corresponding preliminary manual evaluations
stored in .xls/.xlsx format. The model underwent training
on four distinct datasets, containing 400/800/1200 and
1600 images, respectively. During each training process,
the model received cephalometric images as input and the
manually recorded location data of the 48 landmarks as
output.

Testing at four different levels of the model

During testing, the dataset was automatically analysed by
the Al-model following each training set (TD = 400/800/
1200/1600 cephalometric images). Once the test set was
processed by the Al-algorithm, the senior examiner manu-
ally corrected landmark errors using mouse-controlled dot
tracing. Manual evaluation of the dataset was performed
using a test environment of the Ceph Assistant (Fig. 2),
configured directly for this experiment. The evaluation was
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L2 distances between the coordinates of the manual average and Al-generated landmarks by varying amounts of

performed by two experts with 4 (medior) and 10 (senior)
years of clinical orthodontic experience. The 78 cephalo-
grams included images of 41 female and 37 male patients
with an average age of 13.8 years. Both manual and Al
evaluations included 48 cephalometric landmarks of skel-
etal, dental and profile markers (Table 1). Time was auto-
matically measured by the software.

Statistical analysis

A statistical analysis was performed on time efficiency and
accuracy of landmark detection achieved by the different
methods. After measurements were performed ten times
(2"manual”, 4"Al-corrected”, 4“Al”’), data were compared
to the gold standard. The average of the landmark co-
ordinates, corrected by the senior expert on four different
occasions, was defined as the gold standard. It was found
that the quality of the test images substantially influenced
the decision of the experts on landmark positioning and
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Distribution of L2 distances between manual average and Al-corrected landmark points
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Figure 5 L2 distances between the coordinates of the manual average and Al-corrected landmarks by varying amounts of training
data (TD).

time taken for evaluation. Therefore, experts graded im-
ages based on quality and statistical analysis was extended
to detect differences. This included precise calibration to
accurately compare different images. Table 2 shows that
almost a quarter of the images were rated as either easy
(score 4, 5) or difficult (score 1, 2) and 42 were rated as
moderate (score 3). We employed the violin plot chart to
show discrepancies in time measurements, as they can
reveal clustering and roughness of distribution, providing
additional information."”

Euclidean (L2) distances were considered for distance
errors, as L2 performed better than Manhattan (L1) in
research where directional information of the coordinates
yielded less difference and relevance.”"'® Histograms and a
box plot diagram were used to illustrate the comparison
between manual versus Al-corrected, manual versus Al-
generated and Al-generated versus Al-corrected distances
following each TD.
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Results

Although the two references behaved in fundamentally
different ways, the percentage fluctuation values were
remarkably similar in both the semi-rotation (3.07 %;
3.095 %) and the quarter rotation statistics (5.15 % and
5.29 %). According to these cross-validation values, our test
dataset is representative, assuming that the cephalograms
cover all relevant clinical cases.

Time spent on evaluation

Comparative analysis was performed between the time
spent by the two experts on manual cephalometric analysis
and the time by the Ceph Assistant model for automatic
evaluation, followed by correction of the senior examiner.
Manual evaluations required an average of 315.48 s (sec)
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Distribution of L2 distances between Al-generated and Al-corrected landmark points
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Figure 6 L2 distances between the coordinates of the Al-generated and Al-corrected landmarks by varying amounts of training
data (TD).

more than the model predictions (0.43 s) per sample. The
first four violin plots in Fig. 3 show that the mean time
(104.12—167.02 s) required to correct predictions improved
substantially as the Al-algorithm was upgraded with each
training set.

Distance errors of cephalometric landmark tracing
methods

We analysed 2D coordinate data (X,Y) of cephalometric
landmark predictions (hereafter “Al”) on digital X-ray images
after training on all four TDs. We examined the relevance of
these predictions to the average of manual corrections of the
senior examiner, defined as the gold standard.

Initially, Al was compared to the gold standard (Fig. 4).
Mean L2 distances varied between 2.43 and 2.88 mm
(median:1.94—2.44 mm) across the four different training
levels. Results indicate that the increasing number of
training samples (up to TD = 1200) substantially improved
the accuracy of the model. Similar results were observed
when Al-assisted manual corrections (hereafter “Al-
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corrected”) were treated as independent variables, with a
slightly reduced mean L2 distance of 1.75—2.10 mm
(median:1.31—-1.71 mm) that remained consistent after
TD = 800 (Fig. 5). The noticeable increase in standard
deviation after the second measurement was due to vari-
ations in decision-making related to the individual circum-
stances of the examiners in both cases.

In addition, we observed substantial agreement between
the Al and the Al-corrected landmarks (Fig. 6), with a mean
L2 distance ranging from 1.36 to 2.04 mm
(median:1.05—1.76 mm), depending on the training level of
the model. This highlights the influence of Al on decisions of
examiners during manual dot tracing. To eliminate errors
due to the subjective bias of a single examiner, a second
examiner performed an independent manual evaluation.

Comparisons were made between the measurements of
the senior and the medior examiners, as well as between
the landmarks observed by the senior examiner and the Al-
corrected after TD = 1600. The mean L2 distance between
the two examiners, representing the inter-examiner error,
was 2.02 mm (median:1.66 mm) (Fig. 7), whereas the mean
intra-examiner variability was 2.10 mm (median:1.68 mm)
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Mean distribution of L2 distances between manually placed landmark points (interexaminer)
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Figure 7 L2 distances between the coordinates of the landmarks detected manually by the two examiners.

(Fig. 8). Furthermore, the results show that initial Al
prediction aids the decision making of the clinician, as
illustrated by the box plot diagram in Fig. 9. In this case,
L2 errors were also evaluated based on the training
level of the model and on the complexity of the images
(Table 2).

The L2 distance errors of the best models are detailed in
Tables 3 and 4. The primary difference between these ta-
bles is that in Table 3, model predictions were compared to
the gold standard, which is the average of four corrected
evaluations by the senior examiner. In contrast, Table 4
shows L2 landmark errors relative to the single correction
made after using the latest tool of the model. While the
model performs well in comparison to the average, the
senior examiner shows larger displacements to correct the
prediction than what would be necessary according to the
gold standard. On the one hand, this suggests that the
actual corrections are smaller than the average. On the
other hand, this can be a sign of bias in Al-assistance, as
the expert can be influenced by the predictions. However,
the placement of fully manual and Al-assisted landmarks is
practically acceptable.

When L2 errors were examined for the Al-corrected
landmarks after TD = 1600, the highest distances were
measured by Condylon (4.03 mm), while the lowest was
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measured by the center of Sella’s entry (1.1 mm) (Table 3).
Slightly modified, when the L2 errors were compared be-
tween the Al-corrected and the model predicted landmarks
after TD = 1600, the highest errors were observed by
Basion (3.41 mm), while the lowest errors were found by
the center of Sella’s entry (0.22 mm) (Table 4).

Errors in clinically relevant diagnostic values

In orthodontics, diagnostically and therapeutically relevant
data (angles, proportions) typically involve at least three
landmarks. Therefore, L2 landmark errors of X and Y co-
ordinates provide limited insight into clinical relevance. We
performed calculations to assess how L2 discrepancies were
reflected in specific orthodontic reference angles or pro-
portions. The mean angular difference between the three
landmarks predicted by the model after TD = 1600, and
those determined manually ranged from 0.17° to 1.09° on
average (Table 5). Similarly, angular difference was valued
from 0.05° to 1.86° when angles were determined by four
cephalometric landmarks (Table 6). Rational divergence was
observed in the proportion of lower and upper facial heights,
determined by three landmarks (N, SnA, Me) with the pre-
diction showing a difference of 3.14 % from the gold standard
ratio after TD = 1600 were completed on the algorithm.
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Mean distribution of L2 distances between manually placed landmark points (intraexaminer)
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Figure 8 L2 distances between the coordinates of the landmarks detected manually by the senior examiner and the manual
average.
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varying amounts of training data (TD) and by varying type of image quality.
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Table 3 L2 distances between the average of manually corrected model predictions and model predictions after TD = 1600
detailed for each landmark.

Landmark Mean L2 distance (mm) Offset of centers 2D (mm) Offset of centers X (mm) Offset of centers Y (mm)

Cal 1 1.637076 0.232855 0.186644 —0.139232

Cal 2 1.949541 1.029317 0.701492 —0.753261
1 1LoMma 2.461322 0.592650 —0.343009 0.483300
2 1UpMma  2.464983 1.293880 —1.198248 —0.488188
3 A 2.025425 0.763167 0.401496 0.649018
4 Ar 2.060797 1.300355 —0.527451 1.188579
5 B 2.277940 0.861359 0.654628 0.559823
6 Ba 3.498204 2.640550 —1.940610 1.790680
7 Co 2.398892 0.162771 —0.143024 —0.077709
8 Cond 4.031917 3.818257 3.667022 1.063972
9 D 2.085304 0.680178 —0.614878 0.290805
10 GU 2.611720 0.737790 0.138505 0.724672
11 Gn 1.975846 0.435858 —0.207106 0.383510
12 Gn’ 2.765901 0.995890 —0.990889 0.099674
13 Id 2.125472 0.570400 0.548000 0.158278
14 Im 3.423167 1.628828 —1.093928 1.206815
15 La 2.399474 1.149321 —0.476898 1.045709
16 Li 2.402736 0.277522 —0.201019 —0.191338
17 L 3.064468 1.378565 —0.598300 1.241966
18 Lstu 2.251858 0.891643 0.102737 —0.885705
19 Mélo 2.493383 1.512762 —1.502171 0.178688
20 Me 2.658894 1.915190 —1.895412 —0.274531
21 Me’ 3.249505 2.061361 —2.061004 —0.038344
22 N 1.914186 0.518923 —0.513608 —0.074084
23 N’ 2.987097 2.182778 0.270411 —2.165964
24  Or 2.523092 1.193867 —0.569866 1.049081
25 PM 3.278403 1.349037 —0.327414 —1.308702
26 Pn 1.986226 0.270457 0.218972 0.158739
27 Po 2.353079 1.561155 1.072080 —1.134834
28 PoG 1.961738 0.168991 —0.133283 —0.103892
29 Pr 1.916989 0.574963 —0.241903 —0.521599
30 Pt 2.213844 0.713175 —0.602327 —0.381865
31 S 1.441243 0.757301 0.674090 —0.345119
32 Se 1.100986 0.246422 0.152383 0.193657
33 Sm 2.629311 0.842133 0.144136 0.829707
34 Sn 2.268836 0.401509 —0.016119 0.401185
35 SnA 2.260503 0.862765 —0.428025 —0.749105
36 SnP 3.781222 3.401066 —3.319714 —0.739422
37 Stm-i 2.344474 0.736194 0.383469 0.628437
38 Stm-s 2.427442 0.440965 0.342679 —0.277527
39 T1 2.117115 0.371426 0.362880 0.079218
40 T2 3.278450 2.705884 1.354193 2.342642
41 Tr 2.221228 0.636668 —0.449369 —0.451015
42 U6 2.282803 1.167137 —0.850259 —0.799543
43 Uéd 3.252854 1.752945 —1.748208 —0.128778
44 Ua 2.062791 0.459479 —0.352060 0.295253
45 Ui 2.201745 0.434141 —0.431062 —0.051614
46 Ul 2.716757 0.864670 —0.263708 —0.823476
47 ppCond 2.767480 2.301227 0.445095 —2.257773
48 sPoG 2.494168 0.809869 —0.179820 —0.789654

Values in bold indicate the most outstanding results.
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Table 4 L2 distances between model predictions after TD = 1600 and manually corrected model predictions after TD = 1600
detailed for each landmark.

Landmark Mean L2 distance (mm) Offset of centers 2D (mm) Offset of centers X (mm) Offset of centers Y (mm)

Cal 1 0.643981 0.388422 0.384959 —0.051754

Cal 2 1.236142 1.150663 0.899862 —0.717129
1 1LoMma 2.088942 0.731733 0.065373 0.728807
2 1UpMma 1.780922 0.962528 —0.806648 —0.525146
3 A 0.976627 0.483491 0.299513 0.379546
4 Ar 2.129158 1.561206 —0.423932 1.502546
5 B 1.280191 0.848967 0.792764 0.303761
6 Ba 3.410516 2.855413 —1.792093 2.223013
7 Co 0.387927 0.192925 0.161667 —0.105281
8 Cond 2.922712 2.663729 2.656214 0.199946
9 D 0.462214 0.371593 —0.245463 0.278979
10 GU 2.061247 1.395480 0.174731 1.384497
11 Gn 0.560286 0.366428 0.132685 0.341561
12 Gn’ 0.731179 0.342332 —0.332368 0.081989
13 Id 1.274109 0.771261 0.764531 0.101660
14 Im 2.939248 1.598290 —0.378901 1.552728
15 La 1.135205 0.917862 —0.213480 0.892691
16 Li 1.555915 0.068109 —0.019415 —0.065283
17 L 2.131087 1.321900 —0.435440 1.248124
18 Lstu 0.840191 0.609058 0.200682 —0.575047
19 Mélo 1.660013 0.942936 —0.890973 0.308700
20 Me 1.422967 1.346214 —1.346151 0.013062
21 Me’ 1.287331 1.087110 —1.081382 0.111444
22 N 0.959346 0.356402 —0.308718 —0.178088
23 N’ 0.780227 0.679803 —0.108791 —0.671042
24  Or 1.458742 0.975813 —0.348082 0.911619
25 PM 1.051151 0.876947 0.565909 —0.669912
26 Pn 0.413855 0.238079 0.234168 —0.042974
27 Po 1.871023 1.625108 0.684366 —1.473980
28 PoG 0.310770 0.095398 0.086747 —0.039696
29 Pr 0.853830 0.389805 —0.016424 —0.389459
30 Pt 1.779997 0.548484 —0.542283 0.082244
31 S 0.843171 0.659604 0.647199 —0.127323
32 Se 0.224547 0.026718 —0.007611 0.025611
33 Sm 1.767907 0.954243 0.228237 0.926546
34 Sn 0.876506 0.445288 0.313968 0.315762
35 SnA 1.712885 0.765973 —0.270384 —0.716664
36 SnP 2.817688 2.599645 —2.529856 —0.598315
37 Stm-i 0.596301 0.336120 0.037379 0.334035
38 Stm-s 0.544540 0.130432 0.084280 —0.099546
39 T1 1.369595 0.212281 0.211934 0.012134
40 T2 2.321326 1.976671 0.464824 1.921241
41 Tr 0.377330 0.073026 0.040836 0.060541
42 U6 1.407054 0.915504 —0.784272 —0.472297
43 Uéd 1.645479 0.923445 —0.759399 0.525418
44 Ua 1.140231 0.643875 —0.631138 —0.127439
45 Ui 1.133775 0.076869 0.018179 0.074689
46 Ul 1.276720 0.878373 0.027640 —0.877938
47 ppCond 2.602839 2.383307 0.052730 —2.382724
48 sPoG 0.969945 0.469860 0.033531 —0.468662

Values in bold indicate the most outstanding results.
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Table 5 Angular differences between model prediction after TD = 1600 and manual average (angles determined by three

cephalometric landmarks).

Reference Method Mean reference Mean predicted Mean angular
angle (deg) angle (deg) difference (deg)

SNA angle Manual average and Al 1600 —82.087991 —80.997427 1.090385

SNB angle Manual average and Al 1600 —77.652970 —76.731267 0.922000

ANB angle Manual average and Al 1600 4.435581 4.267428 —0.168466

SNPog angle Manual average and Al 1600 —78.659431 —78.349143 0.310633

Table 6 Angular differences between model prediction after TD = 1600 and manual average (angles determined by four

cephalometric landmarks).

Reference Method Mean reference Mean predicted Mean angular
angle (deg) angle (deg) difference (deg)
Facial angle Manual average and Al 1600 90.729613 92.592710 1.861190
Gonion angle Manual average and Al 1600 120.646687 119.763093 —0.886658
Interincisal angle Manual average and Al 1600 128.086133 126.961123 —1.117114
IMPA angle Manual average and Al 1600 98.796140 98.769588 —0.053833
Discussion criteria and the increased number of landmarks incorpo-

We maintained high-quality training and evaluation data by
following standardized protocols and consistent measure-
ment procedures while including samples with diverse
medical and imaging characteristics to ensure comprehen-
sive domain coverage. Additionally, we conducted thorough
statistical analyses using medically relevant metrics and
perspectives to support the development of a reliable Al
model.

In terms of time efficiency, modern prediction tools are
advantageous for cephalometric evaluation. Even with
corrections of landmarks predicted by models trained on
smaller datasets, the evaluation took less than half the
time of fully manual dot tracing. In terms of accuracy, the
mean L2 distance error of Al after TD = 1600 was 66 % of
the difference between the manual tracing of the two ex-
perts using the same metric, showing that the latest model
provided more consistent dot tracing than two different
examiners or the same examiner on two different occa-
sions. These results confirm the hypothesis that examiners
make minor corrections to Al, indicating that predictions
influence the decisions of the examiner during cephalo-
metric analysis; however, these potentially biased place-
ments are still medically correct, and were even closer to
the gold standard, indicating that model assistance may not
only speed up but also improve manual prediction. The
extension of TD improved model precision, but these small
improvements are clinically insignificant, as the tool noise
is lower than examiner noise. Still, the use of higher quality
models is beneficial as they yield considerably better re-
sults with less correction. Previous studies suggest lower
intra- and inter-examiner variability compared to our
findings, which may be due to variations in exclusion
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rated in our study.'’"'®

According to Wang et al.," 2" landmark detection
within 2 mms is clinically acceptable. Although our model
slightly exceeded this criterion on average, the median
prediction distance is well inside this threshold, probably
due to the fact that our evaluation scheme included much
more difficult landmarks than many other studies.
Furthermore, our calculations of clinically relevant angular
and ratio errors between Al and human dot tracing showed
promising results.

Considering these references, we can claim that our best
prediction model can serve as an accurate baseline for or-
thodontic analysis on lateral cephalograms, substantially
speeding up the workflow of orthodontic diagnostics.?? Given
the large amount and high quality of data available through
this method, a fully autonomous system could be developed
that requires no corrections. Further research could inves-
tigate the consequences of evaluation errors and biases in
clinical therapy. Future research should focus on training Al
with malocclusion-specific datasets and integrating diverse
evaluation methods to create a robust, precise, and efficient
Al-driven diagnostic system for clinical practice.
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Napjaink digitalis vilaga lehet6séget teremt az orvosi
diagnosztikus vizsgalatok, terapias eljarasok és kutatasi
folyamatok rohamos fejlodésére. Az egyetemi szintii
kutatotevékenység szempontjabdl az egyik legnagyobb
innovacios jelentoséggel az adatok digitalis tarolasa és
pontos, gyors feldolgozasa bir. A strukturalt, mindannyi-
unk szamara elérheto és atlathat6é adattarolas azonban
a legtébb hazai és nemzetkézi intézményben maig nem
megoldott.

Célunk a korabbi tanulmanyok alapjan alatamasztani,
hogy az egészségiigyi agazatban is egyre nagyobb teret
nyer a modern digitalis eszkdzok, elektronikus munkafo-
lyamatok és az innovativ adatfeldolgozasi médszerek
alkalmazasa. Az anamnesztikus és diagnosztikus proto-
kollok és azok kdvetési tendenciajanak felmérései alapjan
szeretnénk bizonyitani, hogy a hatékonyabb betegellato-
és kutatomunka elérése érdekében célszerii az orvosi
adatokat egy strukturalt leletezérendszerbe felvenni.

A Pubmed/Medline adatbazisban MeSH kifejezések
és szabad szoveg felhasznalasaval els6sorban sziszte-
matikus attekint6 irodalmat kerestiink. Miutan a szakiro-
dalom, valamint a sajat méréseink alapjan is megbizo-
nyosodtunk arrél, hogy a strukturalt adatgyiijtés és adat-
értékelés szilkséges és igéretes technika lehet az orvosi
diagnézisok, terapia és kutatasi folyamatok fejlesztésé-
ben, bemutatjuk sajat strukturalt kiértékelési sablonun-
kat.

Bar a kutatasok eddig foleg a papiralapu és az elekt-
ronikus adat kéz6tti kiilonbségre koncentralnak, a szak-
irodalomban azonban Gjabb tanulmanyok eredményei
meggy6z6 bizonyitékot mutatnak arra vonatkozéan,
hogy a strukturalt és szabvanyositott adatrégzités javitja
az egészségiigyi dokumentacié minéségét. Az altalunk
kezelt nagy mennyiségii betegdokumentacié észszerii
tarolasara egy sajat adatbazist épitettiink.

Az elektronikus informaciés rendszerek hasznalata
eldsegiti az egészségiigyi szakemberek dokumentacids
tevékenységét. Maganak az elektronikus adatnak a min6-
sége killonésen fontos a betegellatasban, de az elektro-
nikus egészségligyi dokumentacié (EHR) nélkiilézhetet-
len informaciokat szolgaltatnak a mindségbiztositas
szempontjabdl is.

A strukturalt és szabvanyositott dokumentaciés maéd-
szer pozitivan befolyasolja a lelet min6ségét, valamint
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lehetoséget teremt az adatok ujrafelhasznalasara, de
bevezetése a kezdeti idoszakban megndvekedett admi-
nisztrativ terheket réhat az egészségiigyi dolgozdkra.
Kulcsszavak: elektronikus egészségulgyi nyilvantartés,
szisztematikus attekintés, orvosi lelet, adattudomany

Today's digital world creates opportunities for the
rapid development of medical diagnostics, therapy and
research. From the point of view of university-level
research challenges, digital storage and appropriate
collection and processing of data is perhaps innova-
tively one of the most important. However, structured,
accessible, and transparent data storage in most of the
Hungarian and foreign institutes has not yet been
solved.

Our aim, is to confirm, based on previous studies, the
increasing demand for the use of modern digital tools,
electronic workflow and appropriate data processing in
the medical sector. Furthermore, based on surveys of
anamnestic and diagnostic trends, we highlight the
importance to include medical data in a structured re-
trieval system in order to achieve more efficient patient
care and research work.

A literature search for systematic reviews was con-
ducted on Pubmed/Medline database, by using several
MeSH terms and free text words. After confirming that
using structured data collection and assessment could
be a promising technique to develop medical diagnoses,
therapy and research processes, we present our own
structured evaluation template.

Although research focuses mainly on the difference
between paper and electronic data, in the most recent
literature we can already find a study whose results
show convincing evidence that structured and stan-
dardized data recording improves the quality of medical
records. Based on our previous research results, we
managed our own structured database for a reasonable
storage of the large amount of patient material.

The use of electronic information systems facilitates
the documentation activities of healthcare professionals.
The quality of the electronic data itself is particularly
important in patients’ care, but the Electronic Health
Records (EHR) also provides essential information for
quality assurance.
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Structured and standardized documentation method
influences positively the quality of the findings, creating
an opportunity to reuse data whenever it is necessary,
but its introduction is expected to impose increased
administrative burdens on healthcare workers.

Keywords: Electronic Health Records, Systematic
Review, Medical Records, Data Science

BEVEZETES

Napjaink digitalis vilaga jo lehet6séget teremt az orvosi
diagnosztikus vizsgélatok, terapias eljarasok és kutatasi
folyamatok rohamos fejl6désére, ugyanakkor mas agazatok-
hoz képest az egészségugy eurbpai szinten jelentds lemara-
dast mutat az Informéaciés és Kommunikacios Technologiak
(IKT) hétkéznapi szintl alkalmazésa terén [1,2]. Az elektro-
nikus egészséglgy (e-egészségligy) union bellli elterjesz-
tése céljabol az Eurdpai Bizottsag még 2004-ben elfogadott
egy els6 e-egészségligyi cselekvési tervet, amely kiegészi-
tésre ker(lt a 2012—2020 kdzotti idészakra vonatkozdan [3].
Egy eurodpai, az elektronikus egészségligyi dokumentaciot
(EHR) vizsgal6 tanulmany mar 2010-ben megerdsitette, hogy
a modern technolégiaval tamogatott egészségligyi folyama-
tok javitjak az ellatas koltséghatékonysagat, kompatibilisek
az elektronikus betegnyilvantart6 és vényird rendszerekkel,
amely elérehaladasra biztatta az egészségugyi szerveket [4].

Az elmult évek sikeres innovacios projektjeinek kdszon-
hetéen mara tudomanyosan megalapozott tény, hogy a digi-
talizacio, a folyamatoptimalizaciés megoldasok, az IKT-k
alkalmazasa és az e-egészséglgy térnyerése hozzajarul az
egészséglgyi ellatérendszer hatékonysaganak és szinvona-
lanak javitasahoz, és igy a lakossag szamara egy magasabb
szintl életmindséget biztosithat. Ezért az egészségugyi piac
fejlédéséenek jelentds mozgatorugojat kepezi. Mindezek hata-
sara nemcsak az egészség gazdasagi és tarsadalmi értéké-
nek névekedése, de a lakossag altalanos egészségi allapo-
tanak javulasa varhato [1,5]. Tapasztalataink alapjan az IKT-
k hatékony alkalmazasa személyre szabottabb, célzottabb,
eredményesebb ellatast tesz lehetévé mind az orvosok, mind
a betegek szamara, csokkenti a hibalehetdségeket és rovi-
debb kérhazi tartézkodashoz vezet, mikdzben a betegek
tudatossagat és onrendelkezési jogat tamogatja. Emellett
tébb vélemény is igazolja, hogy az e-egészséegligy megfeleld
hasznalata egyszerre el6nyds a tarsadalom oldalarol, vala-
mint a hatésagok szempontjabdl is kedvezdbb, mivel segit-
ségével az ellatas folyamatai és részletei kildnb6zd prog-
resszivitasi szintekrdl ellendrizhetdk. Az igéretes valtozasok
reményében a tagallamok lelkesen vettek részt olyan kisérleti
projektekben, mint példaul a széles kdrben ismert Europai
Paciensek Nyitott Okos Szolgaltatasai (epSOS), amely a
hataron atnyulé egészséguigyi ellatasra vonatkozo6 betegjogi
iranyelvek tisztazasaval létrehozta az e-egészségligyi halo-
zatot. Az egyUttm(ikodés célja az atjarhatésag és az egysé-
ges rendszerek terjesztésével az elérhetd leheté legnagyobb
tarsadalmi és gazdasagi haszon elérése [1,3,5].
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Mindezen elénydk dacara az e-egészségligy térnyerésé-
nek Eurbpa-szerte, igy hazankban is olyan komoly akadalyai
vannak még ma is, mint a felhasznaléi tapasztalatok és isme-
retek hianya, a jogi keretek kor(li bizonytalansag, a lakosséag,
a betegek és az egészséglgyi dolgozdk bizalmatlansaga, a
magas indulo kéltségek és az alkalmazasok altal gyujtott
adatok felhasznalasara vonatkoz6 szabalyok rendezetlen-
sége [3]. Az egyetemi szintl kutato-, oktato- és betegellatd
tevékenységlnkben a felsorolt hatraltatd tényezék leklizdése
és a modern IKT-k bevezetése jelentds valtozast hozhat,
hiszen az adatok digitélis tarolasa és megfeleld strukturalt
feldolgozasa révén azok Gjrafelhasznalhatésaganak biztosi-
tasa nemcsak a betegellatas minéségét, de a kutatasok és
publikaciok relevanciajat, minGségét és szamat is javithatja
az eddig megszokott, elavult elektronikus és papiralapu
dokumentéacibs rendszerekkel szemben. Ezt a kés6bbiekben
tobb szisztematikus attekintés és sajat méréseink eredmeé-
nyeivel fogjuk alatamasztani.

Hazankban az e-egészségligy komolyabb elérehaladasat
a Semmelweis Egyetem (SE) Magatartastudomanyi Intézet
Digitalis Egészséguligyi Megoldasok az Orvoslasban (D.E.M.O.)
projektjének céljai és eddigi eredményei bizonyitjak [6]. A pro-
jekt szemlélete szerint ,az egészségugyi szakemberek a
jévbben inkabb kdzvetitd szerepet fognak betdlteni az adatok
és a paciens kdz6tt”. Hosszu tavon elképzelhet6, hogy az
egészségugyi szakember cimsz6 alatt hazankban is informa-
tikusok, ugynevezett ,data scientist™ek is fognak dolgozni [7].
Az adatfeldolgozas fejlesztésére iranyul6 térekvésekrél mar
tébb orvosi publikaciéban olvashatunk, de erre vonatkoz6
informéacidt a fogaszaton belill a nemzetkdzi szakirodalom-
ban egyaltalan nem talaltunk, pedig feltételezéseink szerint
az altalunk, fogorvosok altal hasznalt adatvezetési és -taro-
lasi szokasok nemcsak feleslegesen iddigényesek, de ren-
dezetlenek és hianyosak is, ami nem teszi lehetévé a meg-
feleld szintl informaci6aramlast példaul orvosvaltas vagy
tudomanyos tevékenység esetén. Bar a D.E.M.O projekt
keretei k0z6tt végzett felmérések és fejlesztések bizonyitjak,
hogy hazankban a digitalis egészségugyi innovacio aktiv
folyamat, ugyanakkor a hazai egészséegugyi szakirodalmi
adatok szerint egyel6re kevés, az elektronikus adatfeldolgo-
zasra és dokumentaciora iranyuld fejlesztés tortént a teljes
egészségtudomanyban [8,9].

CELKITUZESEK

Ceélunk, hogy korabbi tanulmanyok alapjan megerdsitsiik
az egészségligyi agazatban a névekvd igényt a modern digi-
talis eszkdzok, az elektronikus munkafolyamatok bevezetése
irant a dokumentéciéban. Vizsgéalatainkkal szeretnénk meg-
er@siteni egy budapesti egyetemi klinika példajan, hogy az
egészségugyi rendszerben a nem strukturalt adatfeldolgozas
rendkivil bonyolultta és hosszadalmassa teszi a betegadatok
visszakeresését, és a strukturalatlan adattarolas nagy sza-
zalékban vezet az informéciok elvesztéséhez. Az eddigi
anamnesztikus és diagnosztikus EHR-trendek tudomanyos
elemzései, valamint sajat dokumentacioés rendszerinkon

XXIIl. EVFOLYAM 2024/1. SZAM 53



DIGITALIS EGESZSEGUGY  KLINIKAI ALKALMAZASOK  SZAKCIKK

elvégzett méréseink alapjan igazoljuk, hogy gyogyité és
kutaté munkank szempontjabdl is javasolt az orvosi adatokat
egy strukturalt leletezérendszerbe standardizalt nyelvezettel
és elrendezésben felvenni. Eredményeinkkel szeretnénk fel-
hivni a figyelmet annak fontossagara, hogy egy, minden diag-
nosztikus és terapias kérdésre kiterjedd, teljes dokumenta-
cios rendszer megkonnyiti a kutatasok elvegzését és az orvo-
sok kozotti teljes informéaciokdzlést, az interoperabilitast.
Tovabba bemutatjuk az altalunk létrehozott strukturalt lelete-
z6feluletunket, amelynek kdszénhetéen nemcsak a betegel-
laté tevékenységunk mindségében varhatunk javulast, de
magasabb szinvonalon és gyakrabban végezhetlink kutatéa-
sokat a klinikankon kezelt, nagy mennyiségli betegadatot
megfeleléen tarolé hatalmas adatbazisbél. Sablonunk nem-
csak a diagnosztika és a kutatas teriletén jelent tamogatéast,
de az altalunk beépitett dontéstamogatéasi javaslatok révén
terapias iranymutatoként is szolgalhat. A tovabbiakban mas
szakterlleteken dolgoz6 orvos, fogorvos és gyogyszerész
kollegaink bevonaséaval ujabb sablonokat épitenénk, és igy
a paciensanyagok szamunkra érdekes kiindulasi, folyamat-
ban levl és kezelés utani adatainak 0sszevetésével kés6bb
nagyszamu interdiszciplinaris statisztikai analizist vegezhe-
tink egy még nagyobb adatbazis felhasznalasaval, és ennek
folyamatos bovitésével.

Hosszu tava terviink a strukturalt adatbazis meély tanulasi
modszerekkel valo fejlesztése a klinikai orvosi tevékenység
doéntéstamogatasi rendszerekkel vald hatékonysagnodvelése
céljabol.

MODSZEREK

A Pubmed/Medline adatbazisban az e-health, documen-
tation, EHR, computerized, structured kulcsszavakat felhasz-
nal6 angol nyelv(i szisztematikus attekint6 tanulméanyok alap-
jan felmértiik az elmult 15 évben a nemzetkdzi szakirodalom-
ban megjelent egészségligyi dokumentacioval foglalkoz6
Osszefoglald értekezéseket, a fejlesztésekre iranyul6 fonto-
sabb Iépéseket és felmerul6 igényeket.

Atovabbiakban elemeztik klinikank dokumentéacios rend-
szerét, amely iratlan bels6 szabalyokon/szokasokon alapulva
minden paciens esetében egy papiralapi betegkartonon tul
egy kiegészitd6 PPT-t (PowerPoint prezentacio) is jelent. 30
anamnesztikus és diagnosztikus kérdéskort vizsgaltunk at,
lasd az 1. tablazatban. Az informéaciogydijtés kérdéskoreinek
megvalasztasa aszerint tortént, hogy lefedje az altalanos és
fogaszati anamnézis, valamint az extra- és intraoralis klinikai
vizsgélat (anamnézis, etiologiai tényez6, rossz szokas, izU-
leti- és més diszfunkcid) fontosabb elemeit, tartalmazza a
rontgenfelvételek és fotdk elvégzésére és kiértékelésére
utalé eredményeket, (orthopantomogram (OP), telerdntgen,
antero-posterior teleréntgen (AP), fotdanalizis, allcsontaszim-
metria), illetve a mintaelemzés soran kapott fontosabb méré-
szamokat (Bolton-eltérés, Wala-Ridge, résesség, torlédas).
Mértik a valaszkeresés soran fellelhet6 és hianyz6 adatok
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tatasara forditott id6t az egyes dokumentéciés formak ese-
tében. Eredményeinket statisztikai analizisnek (Pearson-kor-
relacio, kétmintas T-proba) vetettik ala.

A nemzetkdzi szakirodalomban fellelhetd, dokumentéaci-
0s rendszerre iranyulo fejlesztési igények és hipotéziseink
helyességének reményében a Graid strukturalt leletez6szoft-
verben létrehoztuk a Semmelweis Egyetem Gyermekfoga-
szati és Fogszabalyozasi Klinika (a tovabbiakban klinika)
kiértékeld sablonjat. Ugyeltiink arra, hogy orvosaink ezen
interaktiv fellleten a klinika szabvanyositott nyelvezet(i (SQL)
adatbazisat megalapozva beilleszthetik pacienseik kefalo-
metriai-, foto- illetve modellanaliziseinek eredményeit. Mivel
az SQL-adatbéazis legfontosabb ismérve, hogy platformfug-
getlen, halmazorientalt, szabvanyositott nyelvezetet hasznal,
innen az adatok kulcsszavak segitségével lekérdezhetdk, és
Excel kiterjesztésu binaris fajlformatumban (XLS), a kés6bbi
feldolgozashoz exportalhatok. Fontosnak tartjuk a Iétrehozott
dokumentacios adatbazis elérhet6 legyen az altalunk hasz-
nalt korhazi informacios rendszeren (HIS) keresztil is, amely
az Elektronikus Egészségugyi Szolgaltatasi Térrel (EESZT)
kommunikal. Ennek érdekében a megépitett sablont informa-
tikusok segitségével integraltuk klinikank informéaciés rend-
szerébe, a Flexi-Dent szoftverbe, amelyet eddig elsésorban
a jelentési kotelezettség céljabdl hasznaltunk, igy azonban
alkalmassa tettik a teljes diagnosztikai és terapias dokumen-
tacio strukturalt tarolasara is.

EREDMENYEK

Szakirodalmi attekintés

Egy 2008-as atfogd finn tanulmany 89 értekezés sok
kllénbdz6 szempontja figyelembevételével értékelte az EHR-
eket. Kevés leirast talalt az EHR-ek strukturajara és termino-
tok kiloénb6z6 terminologiak szerinti Gjrafelhasznalhatosa-
gara val6 igényt mar akkoriban megfogalmaztak. Az alkalma-
zott EHR-rendszerek tipusain és alkalmazasi terlletein til az
adatgydjtés formajara és személyére vonatkozo6 tényezdkodn
at az adat mindségére iranyuld kutatasokat is bevonték a
vizsgalatba. Ezek egydntetlien kimutatjak, hogy az elektro-
nikus informacios rendszerek hasznalata el6segiti az egész-
ségligyi szakemberek dokumentacios tevékenységét.
Hayrinen és mtsai. mar utalnak egyes publikéaciokra, amelyek
els6k kozott foglalkoztak a mesterséges intelligenciaval fej-
leszthet6 dontéshozatali eszk6zok EHR-ekbe val6 integrala-
saval, és hangsulyozzak, hogy ilyen eszk6zok j6 miikodése
csak strukturalt és jol meghatarozott terminolégia hasznala-
taval varhat6. Pontatlan és hianyos adatokkal nem lehetsé-
ges ezeket dontéshozatali, kutatasi, statisztikai vagy egész-
ségpolitikai célokra alkalmazni [10-12].

Egy Ujabb, 2021-es szisztematikus attekintés kvantitativ
és kvalitativ médszereket mutat be arra vonatkozo6an, hogy
miként lehet az EHR péaciensadataibdl fejlett, mély tanulasi
modszerekkel, matematikai kod forméajaban hasznos infor-
maciokat elérni, és ezeket az egészséguigyi folyamatok opti-
malizélaséara felhasznalni. A vizsgalatba bevont 49 tanul-
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manybol 37 a betegadatok matematikai kodolasahoz struk-
turélt paciensadatokat hasznalt. Kimutattak, hogy fejlett mély-
tanulasi technikédk bevonasaval — a modellépitésen tul — a
mesterséges intelligencia felismeri és kezeli a paciensada-
tokkal kapcsolatban felmer(ild problémakat, és segiti a tudo-
manyos kutatasok elémozditasat is [13].

ATexas allambeli Kruse és mtsai. 37 publikaciot foglalnak
Ossze egy 2018-as review-ban, amelyek kdzds témaja kife-
jezetten a kérhazi informéacids technolégiaval (HIT) kapcso-
latos kutatasok korlatozott szama [14]. Buntin és mtsai. altal
idézett kdzlemények majdnem 10%-a negativ eredményeket
irt le a HIT alkalmazhat6sagaval kapcsolatban [16], ugyan-
akkor Goldzweigék szerint a HIT-nek kdszdnhetden lett effek-
tivebb és produktivabb az egészségugyi ellatas [17]. Ehhez
hasonlokat tapasztaltak a vizsgalatba bevont publikaciok
81%-aban, mig a fennmaradd 19% vizsgalati eredményeit
kilénb6z6 faktorok tévesen befolyasolhattak [14-17].

»A betegadatok grafikonos abrazolasa” cimi 2019-es iro-
dalmi attekintés szerzdi szerint azonban a betegadatok graf-
elméleti algoritmusokban valé abrazolasa és feldolgozasa
olyan j6vét vetit elére, amelyben a betegek diagnosztizala-
sara, differencialdiagnozisara, gyogyszerelésére vagy tera-
pigjara iranyuld dontéstamogatd rendszerek kerllnének
kidolgozasra [18-22]. A legtébb publikacioban felmeril, hogy
a klinikai dokumentacié nemcsak befolyasolja a betegellatas
mindségét, a betegbiztonsagot és az orvosi hibak szamat, de
egyre gyakoribb, hogy az adatokat minéségbiztositas felmé-
résére, pénzigyi és kutatasi célokra hasznaljak fel [19-22].

Egy multicentrikus, retrospektiv tanulmany egy validalt
mérbeszkoz, a QNote segitségével klinikai dokumentacios
jegyzeteken végzett vizsgalata tudomanyos eredményekkel
is alatdmasztja, hogy a strukturalt lelet 20%-kal magasabb
min&ségu dokumentacidt jelent a hagyomanyos, nem struk-
turalt, narrativ széveges lelethez képest [23]. A strukturalt
jegyzetek lényegre térébbek és jobban értékelhetdk voltak.

Egy Daniabol és Svajcbol szarmazo szisztematikus atte-
kintésben az egészségligyi adatok intézménykozi vagy hatéa-
rokon atnyulo, tobb forrasbol vald 6sszegylijtését, megoszta-
sat és 0sszekapcsolasat mérték fel, adatharmonizaciot aka-
dalyozo és elbsegitd tényezOket kutatva. Eredményeik alapjan
Daniaban egy centralizaltabb iranyitasi rendszer, mig Svajc-
ban az egészségligyi adatok interoperabilitasat hangsulyozo,
elosztott iranyitasi modell bizonyult jobb megoldasnak. Az észt
egészséguigyi rendszerben a decentralizacié melletti a block-
chain-technolégia bevezetése igér megbizhat6 betegnyilvan-
tartasi eljarast [24-26]. Az attekintés kulcsfontossagu konklu-
zioja, hogy ugyan az adatharmonizaciot nehezitd és tamogato
tényez6k kozul a technikai kérdések meghatarozdak, de az
etikai-jogi, tarsadalmi-kulturalis és egyéb nehézségek figye-
lembevétele is kiemelked6en fontos. Izlandon példaul az
egészségligyi adatbazisanak létrehozasara iranyul6 projekt
etikai-jogi kérdések alulértékelése miatt hidsult meg [27,28].

Egy 2023-ban megjelent magyar dsszefoglalo a személyre
szabott orvoslas fontossagat mutatja be hazank jelenlegi és
tervezett orvostudomanyi modelljén keresztul. A felmertld igé-
nyeket, kérdéseket az orvosképzés, a kommunikéacio- és adat-
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aramlas, a digitalis innovacié és implementacié mellett a jogi
és gazdasagi nehézségek szempontjabdl kdzeliti meg. A struk-
turalt egészségligyi adatgydijtést a jél koordinalt egészségligy
alapvett feltételeként emliti, mind az adatokhoz térténé hoz-
zaférés, mind a hatékony kommunikacié megvalositasa miatt.
Utal a pandémia okan egyre szélesebb kérben elterjedt tele-
medicina és az EESZT korszeri alkalmazhatésagara, ugyan-
akkor kiemeli, hogy hazankban a személyre szabott egész-
ségugyi orvoslas és ellatérendszerbeli hatékonysag és kolt-
ségcsokkentés szempontjabdl is sziikséges lenne az egész-
séglgyi adatok strukturalt leletezé adatbazisokban torténé
tarolasara, amelyet egyes csoportok, pl. a molekularis onko-
teamek elkezdtek a sajat hal6zatukban kiépiteni [29].

Belsé kutatas a klinikai dokumentacié
hatékonysaganak felmérésére

A strukturalt és szabvanyositott dokumentacio limitélja a
szavak, és igy a lelet kifejezOképességét, mert Iényege, hogy
ismert kulcsszavak mentén egy adott eltérést csak kizarolag
egy adott szoval enged leirni, biztositva ezzel az adott sz6
menti visszakereshet6séget. Az adatok Ujrafelhasznalhatosa-
géra valo igény (kutatas, terapiakdvetés, populaciofelmérées
stb.) esetén ezért a strukturalt dokumentaciot részesitjik
elényben. Segitségével egy-egy kulcsszdéra minden olyan
anomalia kiszirhet6, amit a széveges megfogalmazasban
kilénb6z6 szinoniméakkal irhatunk le. Amennyiben az infor-
maciok Ujabb feldolgozasara nincs szlikség, a hagyomanyos
narrativ dokumentéaci6é a célravezet6 [7]. Mivel azonban a
kutatasok féleg a papiralapt és az elektronikus adat kdzotti
kilénbségre koncentralnak, ezek alapjan nem tudjuk tényle-
gesen, pontos adatokkal leirni, milyen hatassal van a struktu-
ralas és a szabvanyositas az elektronikus egészséguigyi lele-
tek minéségére [19]. A betegellatas és az egészségugy effek-
tivebb mlkddése, a koltséghatékonysag, az eredményesebb
kutat6éi munka és az egészségugyi intézmények kdzotti gyors
kommunikaci6 lehetésége motivalt minket klinikank jelen
dokumentacios rendszereinek felllvizsgalatara, és egy olyan
Uj tipusq, strukturalt adatbazis megépitésére, amely barmely
szakterllet iranyaba boévithet6 és egységesen alkalmazhato.

Kutatasunkban 30 paciens papir- és PPT-dokumentacio-
janak atvizsgalasa 14 kérdéskor alapjan tértént. Az 1-es tab-
lazatban az egyes kérdésekre talalt valaszoknal a szignifi-
kans kilénbségeket szlirke mezével (sok valasz) és fekete
mezovel (kevés valasz) jeldltik, fehér szin a kevésbé szigni-
fikans eltéréseknél van.
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1. tablazat
30 péciens papir és PPT (PowerPoint prezentacié) dokumentacidéjaban
(n=60) 14 darab kérdéskort kutatva (forras: sajat szerkesztés)

Az adott dokumentéacibtipus és a benne szerepld infor-
maciok/betegadatok megléte vagy hianya kdzétt szignifikans
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14 kérdéskor megoszlasa a régzités modja (papir- vagy PPT-dokumentacio) szerint (30 paciens) (forras: sajat szerkesztés)

Osszefliggést nem talaltunk, hiszen az anamnesztikus és
diagnosztikus kérdéskorok 6sszesen 35%-ara kaptunk
valaszt a papirban, és 34%-ara kaptunk vélaszt a PPT-ben.
Az esetek nagy hanyaddban sem az egyik, sem a masik lele-
tezési forma, s6t a kett6 egyiutt sem ad elegendd informaciot,
igy a retrospektiv vizsgélatokba bevonhat6 esetek szadma
nagymértékben korlatozott.

Ugyanakkor az egyes anamnesztikus és diagnosztikus
Iépések elvégzésére utald adott informéaciok szamaban mar
szignifikans kilénbség allapithaté meg. A fiiggetlenség esetén
vart értéktdl szignifikansan eltéré gyakorisagot a vilagos és a
sOtét szinek jelzik. A 2. dbran lathatd anamnesztikus és egyes
diagnosztikus kérdéskorokre a papir-, mig a fotd és réntgen-
elemzésre a PowerPoint-alapt dokumentaci6 adott szignifikan-
san tdbb valaszt a dokumentéaciok attekintése soran. Ennek
oka az lehet, hogy a péaciens felvételekor a kartonon elére meg-
irt sablont kell kit6lteni, mig a PPT sablonja Ures, nincs tmpont
a jegyzeteléshez, viszont a képalkoto eljarasokkal készult fel-
vételeket kénnyebb tarolni és értelmezni digitalisan, mint
kinyomtatva. A képalkoto eljarasokrél (OP, teleréntgen, AP)
készitett diagramrdl leolvashat6d, hogy leggyakrabban sem
papir, sem PPT forméjaban nem kaptunk informéciét (2. 4bra).

A képi felvételekkel kapcsolatban tarolt adatok tekinteté-
ben tehéat a digitalis PPT dokumentéci6 bizonyult hatékonyabb
modszernek, de gyakran egyikben sem talaltunk informéciot,
pedig az OP- és telerdntgen-felvételeket minden egyes, fog-
szabalyozasban részt vevd paciens esetén rutinszerlien elvé-
gezzUk és kiértékeljik. A két dokumentacidtipusban az adatok
visszakeresésére forditott id6 atlaga egymastol szignifikansan
nem tért el. A keresés ideje egyenletes eloszlast mutatott a
PPT-k esetében, mig a papiralapt dokumentacidban a visz-
szakeresési id6 ehhez képest egy aranytalan, kevéssé kisza-
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6 Képalkotok

S I
— B

papir ppt mindkettd egyik sem

mOP Telerontgen ™ AP

2. dbra

Képalkoté eljarasok eredményeinek szereplése a paciens teljes doku-
mentdcids kartonjaban (OP: orthopantomogram, AP: antero-posterior
teleréntgen felvétel) (forras: sajat szerkesztés)

mithatd eloszlast mutatott. Az esetek 40%-aban révidebb volt,
mint a PPT-k legrévidebb visszakeresési ideje, ugyanakkor
az esetek 15%-aban hosszabb volt, mint a PPT-k leghosz-
szabb visszakeresési ideje. Osszességében az estek kozel
60%-aban a PPT és nagyjabdl 40%-aban a papiralapu doku-
mentaciéban torténd visszakeresési idd volt hosszabb (3., 4.
abra). Figyelembe véve, hogy egy szinvonalas kutatashoz
nagy esetszam bevonasa szikséges, tébbszaz paciens kar-
tonjat tekintve ezen id6k mindkét dokumentéciotipus atvizs-
galasa esetén rendkivil hosszuak a strukturalt adatbazisban
tértén6é néhany masodperces kereséshez képest.

Sajat strukturalt leletezérendszer-fejlesztés

Informatikus szakemberek segitségével a Graid struktu-
ralt leletez6szoftverben létrehoztuk sajat fogszabalyozasi
dokumentacios sablonunkat. (5. abra)
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Evaluation

Kefalometriai analizis

yry M. Bl

Orhopadia

PFH/AFH (50.63%)

Facsal aors (9023 5%)

Y.axis (53-66%)
Lower facial haight {4524°%)
MNL-ML (23.5°)
WITS appraisal (0-2 mm)
CVMS (1-6)
Maxilla
Maxolhary depth (90£3%)
SNA (827)
Vomvie BALARY
Sinako Olebal © 2022 41234
5. abra

Q | Koresds
Ac M

@ 3165 fog
@ 325 fog
@ 335 fog
@ 34-65 fog
@ 3505 fog
@ 3605 fog
@ 37-85 tog
@ 36-a5 fog

Graid strukturalt leletez6szoftverben létrehozott fogszabalyozasi dokumentacios sablon

A Graid fellilete online szabadon elérhetd, amelyben a
felhasznal6 barmely szakorvosi teriletnek megfelelGen,
egyéni igényeire szabva sablont épithet. Minthogy magyar
fejleszték terméke, a hazai sablonépités és a havi felhasz-
naléi dij kedvezményes, esetlinkben dijmentes volt.

Atér harom dimenzi6jaban felvett, paciensenként mintegy
130 diagnosztikus adatot (tavolsag, szdg, aranypar) korabbi-
aknak megfeleléen csak manualisan, papiralapi kartonon,
illetve digitalisan, PowerPoint formatumban vezettlk. Fenti fel-
méréseink szerint ezen betegadatok elméletben hidba jelen-
nek meg digitalisan és papiron is, egyrészt a gyakorlatban
ezek j6 része hianyos, masrészt 100%-ban nem visszakeres-
hetd, hiszen nem szabvanyositott széveget tartalmaz, és a for-
matum (PPT, papir) strukturalt adatelemzésre nem alkalmas
adatbazist jelent. Mara a Graidben egy teljes, strukturaltan fel-
dolgozhat6, anamnesztikus és diagnosztikus sablont épitet-
tlnk, amit egy-egy kutatasi terlletnek megfeleléen (pl. diabe-
teses, ikerkutatasos vagy minicsavaros munkacsoport igénye-
ire szabva) tovabbi kérdéskorokkel bdvitettink, lasd 6. abra.
igy hosszU tavon sokkal nagyobb beteganyag keriilhet feldol-
gozasra az adott kutatbcsoport tudomanyos tevékenysége
soran, mint amit az orvosok maguktol, a megszokott PPT- és
a papiralapt dokumentaciéban felijegyeznének.

A felllet anamnesztikus oldalan az orvos minden éltala-
nos orvosi-, fogaszati- és fogszabalyozasi anamnesztikus
kérdésen végighalad igen/nem valaszok mentén. Egy adott
valasz esetén pedig Ujabb megvalaszoland6 kérdések jelen-
nek meg (pl. allergiatipusok vagy rossz szokasok), majd elju-
tunk az extra- és intraoralis klinikai vizsgalat, valamint a funk-
cionalis analizis kitoltendd lépéseihez. A tovabbiakban e
rendszer szerint haladva gyl(jtjlk egy-egy péaciensrdl a
kilénb6z6 fogszabalyozasi kiértékelési metdédusok széa-
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munkra relevans diagnosztikus és terapias adatait. A sablont
ugy épitettik meg, hogy a mintaelemzésnél a megszokott
fogszabalyozasi 1épések elvégzése és feljegyzése utan a
szoftver bizonyos lemért értékek alapjan, meghatarozott
képletekkel szamolast is végez, igy ad végeredményt pl.
Wala- vagy Bolton-analizishez. A telerdntgen-elemzés ese-
tében a dentalis, a profil és a skeletalis mutatokat verticalis
és sagittalis dimenzidkra osztva rendszereztlk kilon-kulén
a maxilla, a mandibula és az arckoponya esetén. A fotbana-
lizisnél a profil- és a teljes arcelemzésen tul részletes makro-
és mikroesztétikai sablon kitltésére is van lehetéség. A
tovabbiakban a problémalista és a tervezett terapia ponton-
ként lejegyezhetd, amelyhez kivalaszthatéak az egyes
késziléktipusok, vagy akar a kllénbdz8d gyartoktédl szar-
mazo, eltéré nagysagu és felliletkialakitast miniimplantatu-
mok, ezzel példaul a skeletalis elhorgonyozasu eszkdzoket
alkalmazo klinikai kutatasokat tamogatva. Kiilén kiemelend®,
hogy ezen tervezési blokkban egy nem Al-alapu dontésta-
mogatasi rendszert is kiépitettiink, amelyet empirikus ada-
tokra alapozva javaslatokként és nem protokollként kinal fel
a szoftver. A fogszabalyozasi leletezé mellett egy maxillofa-
cidlis sebészeti leletez6t is készitettiink, amelybe a SE Arc-
Allcsontsebészeti Klinikaval egyuttmiikddésben végzett
interdiszciplinaris eljarasok (dysgnathiak sebészete) pontos
adatai jegyezhetdek fel. A dysgnath sebészetben korabban
manualisan elkészitett sablonmtéteket és akrilatsineket fel-
valto, digitalis 3D-szoftverekben meghatarozott mozgatasok
értékeit ezen a fellleten ma mar a tér mindharom iranyaban,
szazadfokos pontossaggal menthetjik, ugyanakkor ezen
nagy mennyiségl informéacidhalmaz korabban ismeretlen,
vagy joval hianyosabb volt, és valahol az adott paciens
strukturalatlan kartonjaban maradt. Az ilyen nagy mennyi-
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a. Diabetes Mellitus? b serews f

O yes

or distalization

© Tiger Dental

from when?

B - infrazygomatic screw: 2x14 mm DualTop (Tiger Dental)
palatal screw: 2 mm x 12 mm DualTop (Tiger Dental)

09/17/2008

1 glucose level?

palatal screw. 2 mm x 14 mm DualTop (Tiger Dental)

palatal screw: 2 mm x 16 mm DualTop (Tiger Dental)

palatal screw: 2,5 mm x 12 mm DualTop (Tiger Dental)
palatal screw: 2,5 mm x 14 mm DualTop (Tiger Dental)

palatal screw: 2,5 mm x 16 mm DualTop (Tiger Dental)

Savaria Dental

Screws for mesialization

Tiger Dental

87
HbA1C level?
6,9 %
Ketone Body level?
0,7
Diabetes therapy?
O s RMO
© pen
pump

Savaria Dental

Screws for direct or indirect anchorage

B interradicular bracket or button head: RMO 1.6X 8 mm

Insulin type?

Gyors hatasi és NPH human
inzulinok 25:75

interradicular bracket or button head: AO 1,5 mmx8 mm

Screws for expansion

© Tiger Dental

She/he uses a sensor?

O yes

6. abra

B palatal screw in M4 and M5 position: 2 mm x 12 mm DualTop (Tiger Dental)

A diabeteses (a.) és minicsavaros (b.) munkacsoport igényeire szabott kiegészité kérdbivek

ségl adatsablonok révén azonban egyszerlien megdrizheté
és késObb felhasznalhat6 a rovid- és hosszu tavu, postope-
rativ recidivat, relapszust vizsgalo felméréseknél.

A Graid SQL-felulete az altalunk hasznalt HIS-en (Flexi-
Dent) keresztil elérhetd, igy a korabban és az ezutan felvett
adatok 0sszekothetok. A Graid csak strukturalt fellletet ad az
informaciofeldolgozashoz, személyes paciensadatot sajat
szerveren nem tarol, a GDPR-el6éirasoknak megfeleld hasz-
nalatot biztosit, ugyanakkor a sablonjabdl a kiértékelési ered-
mények barmikor, XLS-faljformatumban lekérdezhetdk.

MEGBESZELES

Az angol nyelvi tanulmanyok déntéen a papiralapu és
az elektronikus adat k6z6tti kiildnbségre koncentralnak, és
bar eredményeik jol mutatjak a digitalis strukturalt vagy félig
strukturalt szabvanyositott dokumentéacio eldényeit, ezek
tudomanyos aldtamasztasahoz tovabbi vizsgalatok szliksé-
gesek. A legfrissebb szakirodalomban azonban mar talal-
hatunk olyan, tudomanyosan is megalapozott kijelentés-
eket, amelyek meggy6z6 bizonyitékot mutatnak arra vonat-
kozban, hogy a strukturélt és szabvanyositott adatrogzités
javitja a dokumentéacié minéségét, egy adott intézménytél
vagy az EHR-szolgaltatétol flggetlenll. Az adatok ujrafel-
hasznalhatésagara val6 egyre nagyobb igény azonban arra
Osztdnzi a folyamatok optimalizalasan dolgoz6 informatiku-
sokbol és egészségligyi szakemberekbdl allo fejleszté mun-
kacsoportokat, hogy az egészségugyi dolgozokra haruld
kezdeti, latszolagos adminisztrativ terheket révid idén belll
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sokszoros nyereséggé és haszonna transzformaljak [19,
30].

Szakteriletinkdn belul klinikank nagy elénye, hogy sok
orvos egylittesen, hasonlé koncepcié és metddus alapjan
nagyon sok kezelési tervet készit el, igy szamtalan 6ssze-
hasonlithatd adat all rendelkezéslinkre kutatéi tevékenysé-
glnk eredményességének ndveléséhez. A strukturalt, mind-
annyiunk szamara elérhet6 és atlathat6 adattarolas azonban
maig nem megoldott. A papir- és digitalis alapu, de struktu-
rélatlan, nehezen visszakereshet adathalmazban (ismert
nevén: data lake), az orvosok kdzelsége és j6 kommunikéa-
cios csatorndk megvalésulasa esetén is nehézkes minden
érintett alanyt bevonni a vizsgélatokba, és kihasznalni a
nagy beteganyag nydujtotta elénydket. Vizsgalataink is iga-
zoltak, hogy hidba van tobb lehetéség a dokumentéacié fel-
vételére, az atlathatésag és a visszakereshet6ség hianya
miatt az orvosok hajlamosak ezekben elveszni, igy a teljes
anamnesztikus és diagnosztikus adathalmaz szinte egyik
paciens esetében sem all rendelkezésre, még akkor sem,
ha kifejezetten sok id6t szanunk ezek dsszegylijtésére. Ha
100 paciens adataibdl szeretnénk retrospektiv vizsgalatot
késziteni, egyesével kellene kartonjaikat és PPT-dokumen-
tacidikat vagy egy HIS (Flexi-Dent, MedSolution stb.) struk-
turélatlan adatbazisat végignézni, ami amellett, hogy rend-
kivil idéigényes folyamat, eredménytelen is lenne, hiszen
az adatok nagy szazalékban elvesznek az adattarolas soran.
Mivel az orthodontidban a paciensek tdbbségét aktiv néve-
kedési szakaszukban, folyamatos anatémiai, morfoldgiai és
biologiai valtozasuk soran kdvetjiik és ezen fejlédési iranya-
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ikat befolyasoljuk, ezért esetikben kiemelkedéen fontos
kovetkeztetésekhez vezethet az adatok Ujrafelhasznéalasa a
tdbbéves kezelések utan, illetve még késébb, amikor az
alkalmazott kezelési eljarasokrol és a készulékek hatékony-
sagarol alkotott feltételezéseink értelmet nyernek. Az adatok
strukturalt modon térténd sokrétl hasznositasa tehat a szol-
géltatasaink értéknovelt jellegét erbsithetik mind a betegel-
latast, az oktatast és a kutatast, mind a gazdasagi elényoket
tekintve. Ugyanakkor a szabvanyositas és az adatstruktura-
las kildnboz6 tarsteriiletek bevonasa révén egy olyan egy-
valésithatjuk meg, amely nemcsak az egészségligyi szak-
emberek, de az intézmények és a hatésagok kozétti egyitt-
mikddés gyorsan elsajatithatd, és a hétkdznapi gyakorlat-
ban egyszerlien alkalmazhaté médszere lehet. Ezzel az
interdiszciplinaris terapiak és kutatasok, valamint az orsza-
gon beluli, vagy akar hataron atnyulé interoperabilis csator-
nak alapjait teremthetjik meg.

KOVETKEZTETES

Bar minden tanulméanynak fellelheték a maga korlatai és
hatarai, melyek az eredményeket torzithatjak, de a szerzék
a legtébb esetben igyekeztek a hibalehetéséget és a hibas
végkifejlet kockazatat minimalizalni. Szisztematikus attekinté
vizsgalatunk soran az egyes tanulmanyok altal levont kovet-
keztetések igazoljak, hogy a strukturalt és szabvanyositott
dokumentacio pozitivan hat az orvosi lelet minéségére. A
strukturalt adatok kulcsfontossaguak az egészségligyi adatok
Ujrafelhasznalasa szempontjabol, amely nélkilézhetetlen az
automatizalt minéségbiztositas, az egészséglgyi kdzpontok
koz6tti informaciocsere és nem utolsésorban a tudomanyos
kutatasok gyors adatgydijtési modszereinek kialakitasahoz.
Kevés forrast talaltunk arra vonatkozéan, hogy mennyiben
neheziti meg ez a kezdeti atallas az orvosok munkajat, a leg-
tobb cikkben inkabb az idémegtakaritasrol esik szo6, pedig
sajat tapasztalataink szerint is elmondhat6, hogy a kezdeti
Iépéseket t6bb id6be telik megtenni, és nagyobb szervezett-
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Introduction

Machine Learning (ML) plays a crucial role in a wide range of
modern professions, including medicine and orthodon-
tics.””> Technological innovations are the driving forces
behind the rapid advancement of modern dentistry, as re-
flected in studies of the last decades, focusing on the use of
Artificial Intelligence (Al) tools to optimize particular
diagnostic workflows. "3

Numerous reviews show promising results in the appli-
cation of Al in the early prediction of treatment needs, in
determining the demand for orthognathic surgery or tooth
extraction, in predicting cephalometric landmarks on 2D or
3D radiographs, as well as in identifying maturational
properties of a growing patient.>* The reliability of these
Al-assisted software applications is influenced by several
factors; beside others, by the quality of the input dataset,
the number of training cycles of the algorithm, and the
characteristics of the algorithm itself. According to the
latest cephalometric study in Journal of Dental Sciences,
shared by Lee et al.,* the standardization of manual land-
mark detection, image quality, and image sample might
affect tool performance. Kim et al.> highlight that the
variability of errors in these models built for automated
cephalometric analysis goes beyond individual landmarks,
algorithms, or training image quantities, but also identifies
inconsistencies across institutional outcomes.’

Statistical analysis of Al-assisted cephalometric evalua-
tions have been conducted using various algorithms trained
on diverse quantities of training sets.”~” Some studies show
favorable outcomes even with limited data (n = 1028),° and
others achieve comparable results with larger input datasets
(e.g.n = 1792 or n = 3150).>7 According to Kang et al.,® the
mean distance error in determining cephalometric land-
marks by different Al-algorithms ranges from 1.1 t0 4.09 mm,
based on findings from 3 reviews, summarising more than 165
studies on the topic.® Distance errors between manually
annotated and model-predicted landmark coordinates are
typically defined as Euclidean distances.>® Assessing the
clinical relevance of landmark detection accuracy in ceph-
alometric analysis is challenging as subjective diagnostic
estimations of clinicians often contain meaningful errors,
even with repeated evaluations of the same examiner. AnaR.
Durao et al.'® have revealed that despite a considerable
number of publications on cephalometric analysis (n = 968),
only a limited number of studies have examined the validity
and reliability (n = 16) of 2D landmark detection on cepha-
lograms, as articles prioritise 3D assessments.'? The inte-
gration of Al prediction models into everyday processes has
substantially altered this landscape over the past deca-
de."""® However, there are still insufficient data on diag-
nostically and therapeutically relevant metrics measured by
various tools for cephalometric analysis.

Most studies examine a maximum of 20 landmarks and
disregard difficult-to-detect profiles and tangent points that
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Table 1

Names and abbreviations of the cephalometric

landmarks detected on all digital radiographic images.

Number Name Abbreviation
Calibration point 1 Cal 1
Calibration point 2 Cal 2
1. Mesial apex of mandibular 6 1LoMma
2. Mesial apex of maxillary 6 1UpMma
3. Downs A-point A
4. Articulare Ar
5. Downs B-point B
6. Basion Ba
7. Columella Co
8. Condylion Cond
9. Center of symphysis D
10. Soft tissue glabella Gl
11. Gnathion Gn
12. Soft tissue gnathion Gn’
13. Infradentale Id
14. Mandibular notch point Im
15. Lower incisor apex La
16. Lower incisor crown tip Li
17. Lower lip anterior point LL
18. Upper incisor labial outline Ls1u
19. Mesial cusp of maxillary 6 Mélo
20. Menton Me
21. Soft tissue menton Me’
22. Nasion N
23. Soft tissue nasion N’
24. Orbitale Or
25. Supra pogonion PM
26. Pronasale Pn
27. Porion Po
28. Pogonion PoG
29. Prosthion Pr
30. Pterygoid point Pt
31. Sella turcica midpoint S
32. Center of sella’s entry Se
33. Submentale Sm
34. Subnasale Sn
35. Posterior spine nasal SnA
36. Anterior spine nasal SnP
37. Stomion inferius Stm-i
38. Stomion superius Stm-s
39. Tangent 1/Gonion posterior T1
40. Tangent 2/Gonion Inferior T2
1. Trichion Tr
42. Mesial cusp of maxillary 6 ué
43. Distal contact of maxillary 6 Uéd
44, Upper incisor apex Ua
45. Upper Incisor crown tip Ui
46. Upper lip anterior point ul
47. Condylion posterior ppCond
48. Soft tissue pogonion sPoG
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are used by specialists in clinical practice but can degrade
statistics. This study considers 48 cephalometric landmarks
(Table 1) and compares evaluations of images of varying
quality, using models trained on four datasets of different
sizes. The evaluation with these landmarks covers dental,
dentoalveolar- and alveolar deviations examined, based on
the Rickett’s and Hasund analysis, and can be used to analyse
the entire skull, jaw relationships, dentition and profile.
Among the experiments with available software solu-
tions, the model we tested is notable for its comprehen-
sive, criteria-based assessments that directly investigate
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the physician-Al relationship. To minimize clinician-induced
errors in landmark detection accuracy, measurements were
repeated eight times; twice by two independent experts on
four separate occasions.

In this study, our aim was to prove the significance of the
quality and quantity of training data for the accuracy and
the time efficiency of a ML model (hereafter’Al’) in clinical
applications, using a relatively large dataset of 1678 im-
ages. However, we hypothesised that after a certain
amount of training data, further increasing the training
datasets (TD) yields marginal improvements. Our objective
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Table 2 Distortion on evaluability of test images by
quality scaling with 1-5 scores.
Number of Evaluability Gender Age
the X-ray score of

the X-ray
1 3 Female 17
2 5 Male 29
3 3 Female 48
4 3 Female 9
5 3 Female 9
6 3 Male 22
7 3 Male 13
8 5 Female 16
9 3 Male 16
10 1 Male 16
11 3 Female 11
12 2 Male 14
13 3 Female 18
14 3 Female 18
15 3 Female 14
16 3 Male 7
17 1 Male 13
18 5 Female 15
19 3 Male 10
20 3 Female 10
21 4 Female 10
22 3 Male 13
23 3 Male 14
24 3 Female 14
25 3 Female 17
26 4 Male 11
27 3 Female 14
28 4 Female 18
29 3 Female 17
30 2 Male 11
31 4 Male 16
32 3 Female 14
33 3 Male 12
34 3 Female 8
35 2 Female 11
36 2 Female 10
37 3 Female 13
38 2 Female 14
39 3 Male 16
40 3 Male 16
41 4 Male 13
42 3 Male 15
43 4 Female 15
44 2 Female 16
45 3 Female 15
46 3 Male 15
47 2 Male 16
48 3 Male 13
49 2 Male 15
50 4 Female 8
51 3 Male 10
52 3 Female 10
53 4 Male 16
54 2 Male 15

(continued on next page)
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Table 2 (continued)

Number of Evaluability Gender Age
the X-ray score of

the X-ray
55 3 Male 12
56 3 Male 12
57 2 Female 15
58 2 Female 12
59 4 Male 17
60 3 Male 7
61 3 Male 14
62 4 Female 16
63 2 Female 10
64 3 Female 14
65 3 Male 12
66 3 Female 13
67 2 Male 15
68 4 Male 9
69 3 Male 10
70 4 Female 16
71 3 Female 14
72 2 Female 24
73 4 Male 9
74 3 Male 13
75 4 Female 17
76 4 Female 14
77 2 Female 13
78 5 Female 12

The scaling process in this study follows established method-
ologies for image analysis:

Scaling explanation:

Score 5: Adequately assessed, high-resolution image (total: 2).
Score 4: Adequately assessed, high-resolution image; however,
the presence of orthodontic appliances during image acquisition
and other factors may have contributed to visible blurry areas,
though these are minimally distracting and did not affect
analysis integrity (total: 15).

Score 3: Blurred double lines hinder accurate area evaluation,
suggesting potential patient movement during image acquisi-
tion, complicating analysis (total: 42).

Score 2: Image quality is sub-optimal, with insufficient detail,
making it challenging to accurately identify cranial or profile
landmarks (total: 17).

Score 1: Image resolution is inadequate, resulting in poor
quality and insufficient detail, thereby making it difficult to
accurately identify both cranial and profile landmarks (total:2).

was to show on clinically relevant data that cephalometric
landmark predictions of an Al-model facilitate more accu-
rate angle and proportional calculations, thereby enabling
a proper orthodontic diagnosis in a shorter time. It presents
the novel finding, that given sufficient and high-quality
data, an Al-model can serve as a precise diagnostic tool in
both spatial and temporal contexts, outlining its advan-
tages and potential drawbacks.

Materials and methods

The study was approved by the IRB of Semmelweis Uni-
versity, Budapest, Hungary (SE-RKEB number:112/2021).
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Due to the retrospective nature of the study, the ethics
committee waived the requirement for informed consent.
Using four different dataset quantities, we trained a new
Al-model developed by Ceph Assistant Ltd. (Budapest,
Hungary) and evaluated it on a test dataset. We expected
the accuracy and time efficiency of the model to improve as
the TD increased, reflecting this progress in our results.

Data collection

Regardless of whether the radiographs showed dentures or
orthodontic appliances, a total of 1678 2D lateral cepha-
lometric images (2485 x 2232), all uniformly down-
sampled to a pixel size of 512 x 512, were randomly
selected and anonymously downloaded from the Onyx-
Ceph3TM (Chemnitz, Germany) server at Semmelweis
University, Department of Paediatric Dentistry and Or-
thodontics  (Budapest, Hungary)'® (hereafterClinic’).
Altogether, 1600 cephalograms were manually (using
mouse-controlled cursor) evaluated by the orthodontists
working at the Clinic based on Hasund and Rickett’s
analysis in the OnyxCeph3TM software (Fig. 1). Calibration

and resolution elements of the recordings were checked,
and the cephalometric evaluations were verified by three
experienced professionals. The X and Y coordinates of
each of the 48 landmarks were saved separately, exported
and used to train the Ceph Assistant Al-algorithm."

A test dataset consisting of 78 cephalograms was used,
randomly selected from a total of 1678 images. To prove
the representativeness of the test dataset, cross-validation
was performed on a set of 39 (50 %) and 20 (25 %) elements
randomly selected 10000 times from the 78 test samples.
We calculated the percentage fluctuation of prediction for
comparing Al versus Al-corrected and Al versus gold stan-
dard as well, to confirm the role of sample selection data
over prediction or any reference.

Training process and technical features of four
prediction models with varying training levels

This study utilised the Ceph Assistant'® Al-architecture, a
Convolutional Neural Network (CNN) specifically developed
for landmark localization in lateral cephalometric images,
as a reference Al-based cephalometric solution. The TD

400 -

350

300 -

250 A

200 -

Manual processing time (sec)

100 -
50 -
Al»aséisted AIAassl;isted Al—ass';isted Al-as;isted Fully n'nanual
[TD = 400] [TD = 800] [TD = 1200] [TD = 1600]
Estimation process
Estimation process Mean Std Min 50% Max
Fully manual 31591 32351 254.71 310.99 407.14
Al-assisted [TD=400] 167.02 26.79 126.08 162.97 259.37
Al-assisted [TD=800] 156.17 2120 106.77 15233 227.80
Al-assisted [TD=1200] 127.36 2935 69.92 124.47 236.57
Al-assisted [TD=1600] 104.12 22:50 65.70 99.79 162.70

Figure 3

Violin plot diagram on time spent by the two examiners on manual analysis (fully manual) and the time spent by the

Ceph Assistant model by varying amounts of training data (TD), on automatic evaluation followed by correction by a single

examiner (Al-assisted).
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Distribution of L2 distances between manual average and Al-generated landmark points
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Figure 4
training data (TD).

consisted of a total of 1600 lateral cephalograms, together
with their corresponding preliminary manual evaluations
stored in .xls/.xlsx format. The model underwent training
on four distinct datasets, containing 400/800/1200 and
1600 images, respectively. During each training process,
the model received cephalometric images as input and the
manually recorded location data of the 48 landmarks as
output.

Testing at four different levels of the model

During testing, the dataset was automatically analysed by
the Al-model following each training set (TD = 400/800/
1200/1600 cephalometric images). Once the test set was
processed by the Al-algorithm, the senior examiner manu-
ally corrected landmark errors using mouse-controlled dot
tracing. Manual evaluation of the dataset was performed
using a test environment of the Ceph Assistant (Fig. 2),
configured directly for this experiment. The evaluation was
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L2 distances between the coordinates of the manual average and Al-generated landmarks by varying amounts of

performed by two experts with 4 (medior) and 10 (senior)
years of clinical orthodontic experience. The 78 cephalo-
grams included images of 41 female and 37 male patients
with an average age of 13.8 years. Both manual and Al
evaluations included 48 cephalometric landmarks of skel-
etal, dental and profile markers (Table 1). Time was auto-
matically measured by the software.

Statistical analysis

A statistical analysis was performed on time efficiency and
accuracy of landmark detection achieved by the different
methods. After measurements were performed ten times
(2"manual”, 4"Al-corrected”, 4“Al”’), data were compared
to the gold standard. The average of the landmark co-
ordinates, corrected by the senior expert on four different
occasions, was defined as the gold standard. It was found
that the quality of the test images substantially influenced
the decision of the experts on landmark positioning and
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Distribution of L2 distances between manual average and Al-corrected landmark points
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Figure 5 L2 distances between the coordinates of the manual average and Al-corrected landmarks by varying amounts of training
data (TD).

time taken for evaluation. Therefore, experts graded im-
ages based on quality and statistical analysis was extended
to detect differences. This included precise calibration to
accurately compare different images. Table 2 shows that
almost a quarter of the images were rated as either easy
(score 4, 5) or difficult (score 1, 2) and 42 were rated as
moderate (score 3). We employed the violin plot chart to
show discrepancies in time measurements, as they can
reveal clustering and roughness of distribution, providing
additional information."”

Euclidean (L2) distances were considered for distance
errors, as L2 performed better than Manhattan (L1) in
research where directional information of the coordinates
yielded less difference and relevance.”"'® Histograms and a
box plot diagram were used to illustrate the comparison
between manual versus Al-corrected, manual versus Al-
generated and Al-generated versus Al-corrected distances
following each TD.
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Results

Although the two references behaved in fundamentally
different ways, the percentage fluctuation values were
remarkably similar in both the semi-rotation (3.07 %;
3.095 %) and the quarter rotation statistics (5.15 % and
5.29 %). According to these cross-validation values, our test
dataset is representative, assuming that the cephalograms
cover all relevant clinical cases.

Time spent on evaluation

Comparative analysis was performed between the time
spent by the two experts on manual cephalometric analysis
and the time by the Ceph Assistant model for automatic
evaluation, followed by correction of the senior examiner.
Manual evaluations required an average of 315.48 s (sec)
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Distribution of L2 distances between Al-generated and Al-corrected landmark points
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Figure 6 L2 distances between the coordinates of the Al-generated and Al-corrected landmarks by varying amounts of training
data (TD).

more than the model predictions (0.43 s) per sample. The
first four violin plots in Fig. 3 show that the mean time
(104.12—167.02 s) required to correct predictions improved
substantially as the Al-algorithm was upgraded with each
training set.

Distance errors of cephalometric landmark tracing
methods

We analysed 2D coordinate data (X,Y) of cephalometric
landmark predictions (hereafter “Al”) on digital X-ray images
after training on all four TDs. We examined the relevance of
these predictions to the average of manual corrections of the
senior examiner, defined as the gold standard.

Initially, Al was compared to the gold standard (Fig. 4).
Mean L2 distances varied between 2.43 and 2.88 mm
(median:1.94—2.44 mm) across the four different training
levels. Results indicate that the increasing number of
training samples (up to TD = 1200) substantially improved
the accuracy of the model. Similar results were observed
when Al-assisted manual corrections (hereafter “Al-
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corrected”) were treated as independent variables, with a
slightly reduced mean L2 distance of 1.75—2.10 mm
(median:1.31—-1.71 mm) that remained consistent after
TD = 800 (Fig. 5). The noticeable increase in standard
deviation after the second measurement was due to vari-
ations in decision-making related to the individual circum-
stances of the examiners in both cases.

In addition, we observed substantial agreement between
the Al and the Al-corrected landmarks (Fig. 6), with a mean
L2 distance ranging from 1.36 to 2.04 mm
(median:1.05—1.76 mm), depending on the training level of
the model. This highlights the influence of Al on decisions of
examiners during manual dot tracing. To eliminate errors
due to the subjective bias of a single examiner, a second
examiner performed an independent manual evaluation.

Comparisons were made between the measurements of
the senior and the medior examiners, as well as between
the landmarks observed by the senior examiner and the Al-
corrected after TD = 1600. The mean L2 distance between
the two examiners, representing the inter-examiner error,
was 2.02 mm (median:1.66 mm) (Fig. 7), whereas the mean
intra-examiner variability was 2.10 mm (median:1.68 mm)
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Mean distribution of L2 distances between manually placed landmark points (interexaminer)
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Figure 7 L2 distances between the coordinates of the landmarks detected manually by the two examiners.

(Fig. 8). Furthermore, the results show that initial Al
prediction aids the decision making of the clinician, as
illustrated by the box plot diagram in Fig. 9. In this case,
L2 errors were also evaluated based on the training
level of the model and on the complexity of the images
(Table 2).

The L2 distance errors of the best models are detailed in
Tables 3 and 4. The primary difference between these ta-
bles is that in Table 3, model predictions were compared to
the gold standard, which is the average of four corrected
evaluations by the senior examiner. In contrast, Table 4
shows L2 landmark errors relative to the single correction
made after using the latest tool of the model. While the
model performs well in comparison to the average, the
senior examiner shows larger displacements to correct the
prediction than what would be necessary according to the
gold standard. On the one hand, this suggests that the
actual corrections are smaller than the average. On the
other hand, this can be a sign of bias in Al-assistance, as
the expert can be influenced by the predictions. However,
the placement of fully manual and Al-assisted landmarks is
practically acceptable.

When L2 errors were examined for the Al-corrected
landmarks after TD = 1600, the highest distances were
measured by Condylon (4.03 mm), while the lowest was
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measured by the center of Sella’s entry (1.1 mm) (Table 3).
Slightly modified, when the L2 errors were compared be-
tween the Al-corrected and the model predicted landmarks
after TD = 1600, the highest errors were observed by
Basion (3.41 mm), while the lowest errors were found by
the center of Sella’s entry (0.22 mm) (Table 4).

Errors in clinically relevant diagnostic values

In orthodontics, diagnostically and therapeutically relevant
data (angles, proportions) typically involve at least three
landmarks. Therefore, L2 landmark errors of X and Y co-
ordinates provide limited insight into clinical relevance. We
performed calculations to assess how L2 discrepancies were
reflected in specific orthodontic reference angles or pro-
portions. The mean angular difference between the three
landmarks predicted by the model after TD = 1600, and
those determined manually ranged from 0.17° to 1.09° on
average (Table 5). Similarly, angular difference was valued
from 0.05° to 1.86° when angles were determined by four
cephalometric landmarks (Table 6). Rational divergence was
observed in the proportion of lower and upper facial heights,
determined by three landmarks (N, SnA, Me) with the pre-
diction showing a difference of 3.14 % from the gold standard
ratio after TD = 1600 were completed on the algorithm.
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Mean distribution of L2 distances between manually placed landmark points (intraexaminer)
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Table 3 L2 distances between the average of manually corrected model predictions and model predictions after TD = 1600
detailed for each landmark.

Landmark Mean L2 distance (mm) Offset of centers 2D (mm) Offset of centers X (mm) Offset of centers Y (mm)

Cal 1 1.637076 0.232855 0.186644 —0.139232

Cal 2 1.949541 1.029317 0.701492 —0.753261
1 1LoMma 2.461322 0.592650 —0.343009 0.483300
2 1UpMma  2.464983 1.293880 —1.198248 —0.488188
3 A 2.025425 0.763167 0.401496 0.649018
4 Ar 2.060797 1.300355 —0.527451 1.188579
5 B 2.277940 0.861359 0.654628 0.559823
6 Ba 3.498204 2.640550 —1.940610 1.790680
7 Co 2.398892 0.162771 —0.143024 —0.077709
8 Cond 4.031917 3.818257 3.667022 1.063972
9 D 2.085304 0.680178 —0.614878 0.290805
10 GU 2.611720 0.737790 0.138505 0.724672
11 Gn 1.975846 0.435858 —0.207106 0.383510
12 Gn’ 2.765901 0.995890 —0.990889 0.099674
13 Id 2.125472 0.570400 0.548000 0.158278
14 Im 3.423167 1.628828 —1.093928 1.206815
15 La 2.399474 1.149321 —0.476898 1.045709
16 Li 2.402736 0.277522 —0.201019 —0.191338
17 L 3.064468 1.378565 —0.598300 1.241966
18 Lstu 2.251858 0.891643 0.102737 —0.885705
19 Mélo 2.493383 1.512762 —1.502171 0.178688
20 Me 2.658894 1.915190 —1.895412 —0.274531
21 Me’ 3.249505 2.061361 —2.061004 —0.038344
22 N 1.914186 0.518923 —0.513608 —0.074084
23 N’ 2.987097 2.182778 0.270411 —2.165964
24  Or 2.523092 1.193867 —0.569866 1.049081
25 PM 3.278403 1.349037 —0.327414 —1.308702
26 Pn 1.986226 0.270457 0.218972 0.158739
27 Po 2.353079 1.561155 1.072080 —1.134834
28 PoG 1.961738 0.168991 —0.133283 —0.103892
29 Pr 1.916989 0.574963 —0.241903 —0.521599
30 Pt 2.213844 0.713175 —0.602327 —0.381865
31 S 1.441243 0.757301 0.674090 —0.345119
32 Se 1.100986 0.246422 0.152383 0.193657
33 Sm 2.629311 0.842133 0.144136 0.829707
34 Sn 2.268836 0.401509 —0.016119 0.401185
35 SnA 2.260503 0.862765 —0.428025 —0.749105
36 SnP 3.781222 3.401066 —3.319714 —0.739422
37 Stm-i 2.344474 0.736194 0.383469 0.628437
38 Stm-s 2.427442 0.440965 0.342679 —0.277527
39 T1 2.117115 0.371426 0.362880 0.079218
40 T2 3.278450 2.705884 1.354193 2.342642
41 Tr 2.221228 0.636668 —0.449369 —0.451015
42 U6 2.282803 1.167137 —0.850259 —0.799543
43 Uéd 3.252854 1.752945 —1.748208 —0.128778
44 Ua 2.062791 0.459479 —0.352060 0.295253
45 Ui 2.201745 0.434141 —0.431062 —0.051614
46 Ul 2.716757 0.864670 —0.263708 —0.823476
47 ppCond 2.767480 2.301227 0.445095 —2.257773
48 sPoG 2.494168 0.809869 —0.179820 —0.789654

Values in bold indicate the most outstanding results.
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Table 4 L2 distances between model predictions after TD = 1600 and manually corrected model predictions after TD = 1600
detailed for each landmark.

Landmark Mean L2 distance (mm) Offset of centers 2D (mm) Offset of centers X (mm) Offset of centers Y (mm)

Cal 1 0.643981 0.388422 0.384959 —0.051754

Cal 2 1.236142 1.150663 0.899862 —0.717129
1 1LoMma 2.088942 0.731733 0.065373 0.728807
2 1UpMma 1.780922 0.962528 —0.806648 —0.525146
3 A 0.976627 0.483491 0.299513 0.379546
4 Ar 2.129158 1.561206 —0.423932 1.502546
5 B 1.280191 0.848967 0.792764 0.303761
6 Ba 3.410516 2.855413 —1.792093 2.223013
7 Co 0.387927 0.192925 0.161667 —0.105281
8 Cond 2.922712 2.663729 2.656214 0.199946
9 D 0.462214 0.371593 —0.245463 0.278979
10 GU 2.061247 1.395480 0.174731 1.384497
11 Gn 0.560286 0.366428 0.132685 0.341561
12 Gn’ 0.731179 0.342332 —0.332368 0.081989
13 Id 1.274109 0.771261 0.764531 0.101660
14 Im 2.939248 1.598290 —0.378901 1.552728
15 La 1.135205 0.917862 —0.213480 0.892691
16 Li 1.555915 0.068109 —0.019415 —0.065283
17 L 2.131087 1.321900 —0.435440 1.248124
18 Lstu 0.840191 0.609058 0.200682 —0.575047
19 Mélo 1.660013 0.942936 —0.890973 0.308700
20 Me 1.422967 1.346214 —1.346151 0.013062
21 Me’ 1.287331 1.087110 —1.081382 0.111444
22 N 0.959346 0.356402 —0.308718 —0.178088
23 N’ 0.780227 0.679803 —0.108791 —0.671042
24  Or 1.458742 0.975813 —0.348082 0.911619
25 PM 1.051151 0.876947 0.565909 —0.669912
26 Pn 0.413855 0.238079 0.234168 —0.042974
27 Po 1.871023 1.625108 0.684366 —1.473980
28 PoG 0.310770 0.095398 0.086747 —0.039696
29 Pr 0.853830 0.389805 —0.016424 —0.389459
30 Pt 1.779997 0.548484 —0.542283 0.082244
31 S 0.843171 0.659604 0.647199 —0.127323
32 Se 0.224547 0.026718 —0.007611 0.025611
33 Sm 1.767907 0.954243 0.228237 0.926546
34 Sn 0.876506 0.445288 0.313968 0.315762
35 SnA 1.712885 0.765973 —0.270384 —0.716664
36 SnP 2.817688 2.599645 —2.529856 —0.598315
37 Stm-i 0.596301 0.336120 0.037379 0.334035
38 Stm-s 0.544540 0.130432 0.084280 —0.099546
39 T1 1.369595 0.212281 0.211934 0.012134
40 T2 2.321326 1.976671 0.464824 1.921241
41 Tr 0.377330 0.073026 0.040836 0.060541
42 U6 1.407054 0.915504 —0.784272 —0.472297
43 Uéd 1.645479 0.923445 —0.759399 0.525418
44 Ua 1.140231 0.643875 —0.631138 —0.127439
45 Ui 1.133775 0.076869 0.018179 0.074689
46 Ul 1.276720 0.878373 0.027640 —0.877938
47 ppCond 2.602839 2.383307 0.052730 —2.382724
48 sPoG 0.969945 0.469860 0.033531 —0.468662

Values in bold indicate the most outstanding results.
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Table 5 Angular differences between model prediction after TD = 1600 and manual average (angles determined by three

cephalometric landmarks).

Reference Method Mean reference Mean predicted Mean angular
angle (deg) angle (deg) difference (deg)

SNA angle Manual average and Al 1600 —82.087991 —80.997427 1.090385

SNB angle Manual average and Al 1600 —77.652970 —76.731267 0.922000

ANB angle Manual average and Al 1600 4.435581 4.267428 —0.168466

SNPog angle Manual average and Al 1600 —78.659431 —78.349143 0.310633

Table 6 Angular differences between model prediction after TD = 1600 and manual average (angles determined by four

cephalometric landmarks).

Reference Method Mean reference Mean predicted Mean angular
angle (deg) angle (deg) difference (deg)
Facial angle Manual average and Al 1600 90.729613 92.592710 1.861190
Gonion angle Manual average and Al 1600 120.646687 119.763093 —0.886658
Interincisal angle Manual average and Al 1600 128.086133 126.961123 —1.117114
IMPA angle Manual average and Al 1600 98.796140 98.769588 —0.053833
Discussion criteria and the increased number of landmarks incorpo-

We maintained high-quality training and evaluation data by
following standardized protocols and consistent measure-
ment procedures while including samples with diverse
medical and imaging characteristics to ensure comprehen-
sive domain coverage. Additionally, we conducted thorough
statistical analyses using medically relevant metrics and
perspectives to support the development of a reliable Al
model.

In terms of time efficiency, modern prediction tools are
advantageous for cephalometric evaluation. Even with
corrections of landmarks predicted by models trained on
smaller datasets, the evaluation took less than half the
time of fully manual dot tracing. In terms of accuracy, the
mean L2 distance error of Al after TD = 1600 was 66 % of
the difference between the manual tracing of the two ex-
perts using the same metric, showing that the latest model
provided more consistent dot tracing than two different
examiners or the same examiner on two different occa-
sions. These results confirm the hypothesis that examiners
make minor corrections to Al, indicating that predictions
influence the decisions of the examiner during cephalo-
metric analysis; however, these potentially biased place-
ments are still medically correct, and were even closer to
the gold standard, indicating that model assistance may not
only speed up but also improve manual prediction. The
extension of TD improved model precision, but these small
improvements are clinically insignificant, as the tool noise
is lower than examiner noise. Still, the use of higher quality
models is beneficial as they yield considerably better re-
sults with less correction. Previous studies suggest lower
intra- and inter-examiner variability compared to our
findings, which may be due to variations in exclusion
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rated in our study.'’"'®

According to Wang et al.," 2" landmark detection
within 2 mms is clinically acceptable. Although our model
slightly exceeded this criterion on average, the median
prediction distance is well inside this threshold, probably
due to the fact that our evaluation scheme included much
more difficult landmarks than many other studies.
Furthermore, our calculations of clinically relevant angular
and ratio errors between Al and human dot tracing showed
promising results.

Considering these references, we can claim that our best
prediction model can serve as an accurate baseline for or-
thodontic analysis on lateral cephalograms, substantially
speeding up the workflow of orthodontic diagnostics.?? Given
the large amount and high quality of data available through
this method, a fully autonomous system could be developed
that requires no corrections. Further research could inves-
tigate the consequences of evaluation errors and biases in
clinical therapy. Future research should focus on training Al
with malocclusion-specific datasets and integrating diverse
evaluation methods to create a robust, precise, and efficient
Al-driven diagnostic system for clinical practice.
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Napjaink digitalis vilaga lehet6séget teremt az orvosi
diagnosztikus vizsgalatok, terapias eljarasok és kutatasi
folyamatok rohamos fejlodésére. Az egyetemi szintii
kutatotevékenység szempontjabdl az egyik legnagyobb
innovacios jelentoséggel az adatok digitalis tarolasa és
pontos, gyors feldolgozasa bir. A strukturalt, mindannyi-
unk szamara elérheto és atlathat6é adattarolas azonban
a legtébb hazai és nemzetkézi intézményben maig nem
megoldott.

Célunk a korabbi tanulmanyok alapjan alatamasztani,
hogy az egészségiigyi agazatban is egyre nagyobb teret
nyer a modern digitalis eszkdzok, elektronikus munkafo-
lyamatok és az innovativ adatfeldolgozasi médszerek
alkalmazasa. Az anamnesztikus és diagnosztikus proto-
kollok és azok kdvetési tendenciajanak felmérései alapjan
szeretnénk bizonyitani, hogy a hatékonyabb betegellato-
és kutatomunka elérése érdekében célszerii az orvosi
adatokat egy strukturalt leletezérendszerbe felvenni.

A Pubmed/Medline adatbazisban MeSH kifejezések
és szabad szoveg felhasznalasaval els6sorban sziszte-
matikus attekint6 irodalmat kerestiink. Miutan a szakiro-
dalom, valamint a sajat méréseink alapjan is megbizo-
nyosodtunk arrél, hogy a strukturalt adatgyiijtés és adat-
értékelés szilkséges és igéretes technika lehet az orvosi
diagnézisok, terapia és kutatasi folyamatok fejlesztésé-
ben, bemutatjuk sajat strukturalt kiértékelési sablonun-
kat.

Bar a kutatasok eddig foleg a papiralapu és az elekt-
ronikus adat kéz6tti kiilonbségre koncentralnak, a szak-
irodalomban azonban Gjabb tanulmanyok eredményei
meggy6z6 bizonyitékot mutatnak arra vonatkozéan,
hogy a strukturalt és szabvanyositott adatrégzités javitja
az egészségiigyi dokumentacié minéségét. Az altalunk
kezelt nagy mennyiségii betegdokumentacié észszerii
tarolasara egy sajat adatbazist épitettiink.

Az elektronikus informaciés rendszerek hasznalata
eldsegiti az egészségiigyi szakemberek dokumentacids
tevékenységét. Maganak az elektronikus adatnak a min6-
sége killonésen fontos a betegellatasban, de az elektro-
nikus egészségligyi dokumentacié (EHR) nélkiilézhetet-
len informaciokat szolgaltatnak a mindségbiztositas
szempontjabdl is.

A strukturalt és szabvanyositott dokumentaciés maéd-
szer pozitivan befolyasolja a lelet min6ségét, valamint
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lehetoséget teremt az adatok ujrafelhasznalasara, de
bevezetése a kezdeti idoszakban megndvekedett admi-
nisztrativ terheket réhat az egészségiigyi dolgozdkra.
Kulcsszavak: elektronikus egészségulgyi nyilvantartés,
szisztematikus attekintés, orvosi lelet, adattudomany

Today's digital world creates opportunities for the
rapid development of medical diagnostics, therapy and
research. From the point of view of university-level
research challenges, digital storage and appropriate
collection and processing of data is perhaps innova-
tively one of the most important. However, structured,
accessible, and transparent data storage in most of the
Hungarian and foreign institutes has not yet been
solved.

Our aim, is to confirm, based on previous studies, the
increasing demand for the use of modern digital tools,
electronic workflow and appropriate data processing in
the medical sector. Furthermore, based on surveys of
anamnestic and diagnostic trends, we highlight the
importance to include medical data in a structured re-
trieval system in order to achieve more efficient patient
care and research work.

A literature search for systematic reviews was con-
ducted on Pubmed/Medline database, by using several
MeSH terms and free text words. After confirming that
using structured data collection and assessment could
be a promising technique to develop medical diagnoses,
therapy and research processes, we present our own
structured evaluation template.

Although research focuses mainly on the difference
between paper and electronic data, in the most recent
literature we can already find a study whose results
show convincing evidence that structured and stan-
dardized data recording improves the quality of medical
records. Based on our previous research results, we
managed our own structured database for a reasonable
storage of the large amount of patient material.

The use of electronic information systems facilitates
the documentation activities of healthcare professionals.
The quality of the electronic data itself is particularly
important in patients’ care, but the Electronic Health
Records (EHR) also provides essential information for
quality assurance.
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Structured and standardized documentation method
influences positively the quality of the findings, creating
an opportunity to reuse data whenever it is necessary,
but its introduction is expected to impose increased
administrative burdens on healthcare workers.

Keywords: Electronic Health Records, Systematic
Review, Medical Records, Data Science

BEVEZETES

Napjaink digitalis vilaga jo lehet6séget teremt az orvosi
diagnosztikus vizsgélatok, terapias eljarasok és kutatasi
folyamatok rohamos fejl6désére, ugyanakkor mas agazatok-
hoz képest az egészségugy eurbpai szinten jelentds lemara-
dast mutat az Informéaciés és Kommunikacios Technologiak
(IKT) hétkéznapi szintl alkalmazésa terén [1,2]. Az elektro-
nikus egészséglgy (e-egészségligy) union bellli elterjesz-
tése céljabol az Eurdpai Bizottsag még 2004-ben elfogadott
egy els6 e-egészségligyi cselekvési tervet, amely kiegészi-
tésre ker(lt a 2012—2020 kdzotti idészakra vonatkozdan [3].
Egy eurodpai, az elektronikus egészségligyi dokumentaciot
(EHR) vizsgal6 tanulmany mar 2010-ben megerdsitette, hogy
a modern technolégiaval tamogatott egészségligyi folyama-
tok javitjak az ellatas koltséghatékonysagat, kompatibilisek
az elektronikus betegnyilvantart6 és vényird rendszerekkel,
amely elérehaladasra biztatta az egészségugyi szerveket [4].

Az elmult évek sikeres innovacios projektjeinek kdszon-
hetéen mara tudomanyosan megalapozott tény, hogy a digi-
talizacio, a folyamatoptimalizaciés megoldasok, az IKT-k
alkalmazasa és az e-egészséglgy térnyerése hozzajarul az
egészséglgyi ellatérendszer hatékonysaganak és szinvona-
lanak javitasahoz, és igy a lakossag szamara egy magasabb
szintl életmindséget biztosithat. Ezért az egészségugyi piac
fejlédéséenek jelentds mozgatorugojat kepezi. Mindezek hata-
sara nemcsak az egészség gazdasagi és tarsadalmi értéké-
nek névekedése, de a lakossag altalanos egészségi allapo-
tanak javulasa varhato [1,5]. Tapasztalataink alapjan az IKT-
k hatékony alkalmazasa személyre szabottabb, célzottabb,
eredményesebb ellatast tesz lehetévé mind az orvosok, mind
a betegek szamara, csokkenti a hibalehetdségeket és rovi-
debb kérhazi tartézkodashoz vezet, mikdzben a betegek
tudatossagat és onrendelkezési jogat tamogatja. Emellett
tébb vélemény is igazolja, hogy az e-egészséegligy megfeleld
hasznalata egyszerre el6nyds a tarsadalom oldalarol, vala-
mint a hatésagok szempontjabdl is kedvezdbb, mivel segit-
ségével az ellatas folyamatai és részletei kildnb6zd prog-
resszivitasi szintekrdl ellendrizhetdk. Az igéretes valtozasok
reményében a tagallamok lelkesen vettek részt olyan kisérleti
projektekben, mint példaul a széles kdrben ismert Europai
Paciensek Nyitott Okos Szolgaltatasai (epSOS), amely a
hataron atnyulé egészséguigyi ellatasra vonatkozo6 betegjogi
iranyelvek tisztazasaval létrehozta az e-egészségligyi halo-
zatot. Az egyUttm(ikodés célja az atjarhatésag és az egysé-
ges rendszerek terjesztésével az elérhetd leheté legnagyobb
tarsadalmi és gazdasagi haszon elérése [1,3,5].
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Mindezen elénydk dacara az e-egészségligy térnyerésé-
nek Eurbpa-szerte, igy hazankban is olyan komoly akadalyai
vannak még ma is, mint a felhasznaléi tapasztalatok és isme-
retek hianya, a jogi keretek kor(li bizonytalansag, a lakosséag,
a betegek és az egészséglgyi dolgozdk bizalmatlansaga, a
magas indulo kéltségek és az alkalmazasok altal gyujtott
adatok felhasznalasara vonatkoz6 szabalyok rendezetlen-
sége [3]. Az egyetemi szintl kutato-, oktato- és betegellatd
tevékenységlnkben a felsorolt hatraltatd tényezék leklizdése
és a modern IKT-k bevezetése jelentds valtozast hozhat,
hiszen az adatok digitélis tarolasa és megfeleld strukturalt
feldolgozasa révén azok Gjrafelhasznalhatésaganak biztosi-
tasa nemcsak a betegellatas minéségét, de a kutatasok és
publikaciok relevanciajat, minGségét és szamat is javithatja
az eddig megszokott, elavult elektronikus és papiralapu
dokumentéacibs rendszerekkel szemben. Ezt a kés6bbiekben
tobb szisztematikus attekintés és sajat méréseink eredmeé-
nyeivel fogjuk alatamasztani.

Hazankban az e-egészségligy komolyabb elérehaladasat
a Semmelweis Egyetem (SE) Magatartastudomanyi Intézet
Digitalis Egészséguligyi Megoldasok az Orvoslasban (D.E.M.O.)
projektjének céljai és eddigi eredményei bizonyitjak [6]. A pro-
jekt szemlélete szerint ,az egészségugyi szakemberek a
jévbben inkabb kdzvetitd szerepet fognak betdlteni az adatok
és a paciens kdz6tt”. Hosszu tavon elképzelhet6, hogy az
egészségugyi szakember cimsz6 alatt hazankban is informa-
tikusok, ugynevezett ,data scientist™ek is fognak dolgozni [7].
Az adatfeldolgozas fejlesztésére iranyul6 térekvésekrél mar
tébb orvosi publikaciéban olvashatunk, de erre vonatkoz6
informéacidt a fogaszaton belill a nemzetkdzi szakirodalom-
ban egyaltalan nem talaltunk, pedig feltételezéseink szerint
az altalunk, fogorvosok altal hasznalt adatvezetési és -taro-
lasi szokasok nemcsak feleslegesen iddigényesek, de ren-
dezetlenek és hianyosak is, ami nem teszi lehetévé a meg-
feleld szintl informaci6aramlast példaul orvosvaltas vagy
tudomanyos tevékenység esetén. Bar a D.E.M.O projekt
keretei k0z6tt végzett felmérések és fejlesztések bizonyitjak,
hogy hazankban a digitalis egészségugyi innovacio aktiv
folyamat, ugyanakkor a hazai egészséegugyi szakirodalmi
adatok szerint egyel6re kevés, az elektronikus adatfeldolgo-
zasra és dokumentaciora iranyuld fejlesztés tortént a teljes
egészségtudomanyban [8,9].

CELKITUZESEK

Ceélunk, hogy korabbi tanulmanyok alapjan megerdsitsiik
az egészségligyi agazatban a névekvd igényt a modern digi-
talis eszkdzok, az elektronikus munkafolyamatok bevezetése
irant a dokumentéciéban. Vizsgéalatainkkal szeretnénk meg-
er@siteni egy budapesti egyetemi klinika példajan, hogy az
egészségugyi rendszerben a nem strukturalt adatfeldolgozas
rendkivil bonyolultta és hosszadalmassa teszi a betegadatok
visszakeresését, és a strukturalatlan adattarolas nagy sza-
zalékban vezet az informéciok elvesztéséhez. Az eddigi
anamnesztikus és diagnosztikus EHR-trendek tudomanyos
elemzései, valamint sajat dokumentacioés rendszerinkon
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elvégzett méréseink alapjan igazoljuk, hogy gyogyité és
kutaté munkank szempontjabdl is javasolt az orvosi adatokat
egy strukturalt leletezérendszerbe standardizalt nyelvezettel
és elrendezésben felvenni. Eredményeinkkel szeretnénk fel-
hivni a figyelmet annak fontossagara, hogy egy, minden diag-
nosztikus és terapias kérdésre kiterjedd, teljes dokumenta-
cios rendszer megkonnyiti a kutatasok elvegzését és az orvo-
sok kozotti teljes informéaciokdzlést, az interoperabilitast.
Tovabba bemutatjuk az altalunk létrehozott strukturalt lelete-
z6feluletunket, amelynek kdszénhetéen nemcsak a betegel-
laté tevékenységunk mindségében varhatunk javulast, de
magasabb szinvonalon és gyakrabban végezhetlink kutatéa-
sokat a klinikankon kezelt, nagy mennyiségli betegadatot
megfeleléen tarolé hatalmas adatbazisbél. Sablonunk nem-
csak a diagnosztika és a kutatas teriletén jelent tamogatéast,
de az altalunk beépitett dontéstamogatéasi javaslatok révén
terapias iranymutatoként is szolgalhat. A tovabbiakban mas
szakterlleteken dolgoz6 orvos, fogorvos és gyogyszerész
kollegaink bevonaséaval ujabb sablonokat épitenénk, és igy
a paciensanyagok szamunkra érdekes kiindulasi, folyamat-
ban levl és kezelés utani adatainak 0sszevetésével kés6bb
nagyszamu interdiszciplinaris statisztikai analizist vegezhe-
tink egy még nagyobb adatbazis felhasznalasaval, és ennek
folyamatos bovitésével.

Hosszu tava terviink a strukturalt adatbazis meély tanulasi
modszerekkel valo fejlesztése a klinikai orvosi tevékenység
doéntéstamogatasi rendszerekkel vald hatékonysagnodvelése
céljabol.

MODSZEREK

A Pubmed/Medline adatbazisban az e-health, documen-
tation, EHR, computerized, structured kulcsszavakat felhasz-
nal6 angol nyelv(i szisztematikus attekint6 tanulméanyok alap-
jan felmértiik az elmult 15 évben a nemzetkdzi szakirodalom-
ban megjelent egészségligyi dokumentacioval foglalkoz6
Osszefoglald értekezéseket, a fejlesztésekre iranyul6 fonto-
sabb Iépéseket és felmerul6 igényeket.

Atovabbiakban elemeztik klinikank dokumentéacios rend-
szerét, amely iratlan bels6 szabalyokon/szokasokon alapulva
minden paciens esetében egy papiralapi betegkartonon tul
egy kiegészitd6 PPT-t (PowerPoint prezentacio) is jelent. 30
anamnesztikus és diagnosztikus kérdéskort vizsgaltunk at,
lasd az 1. tablazatban. Az informéaciogydijtés kérdéskoreinek
megvalasztasa aszerint tortént, hogy lefedje az altalanos és
fogaszati anamnézis, valamint az extra- és intraoralis klinikai
vizsgélat (anamnézis, etiologiai tényez6, rossz szokas, izU-
leti- és més diszfunkcid) fontosabb elemeit, tartalmazza a
rontgenfelvételek és fotdk elvégzésére és kiértékelésére
utalé eredményeket, (orthopantomogram (OP), telerdntgen,
antero-posterior teleréntgen (AP), fotdanalizis, allcsontaszim-
metria), illetve a mintaelemzés soran kapott fontosabb méré-
szamokat (Bolton-eltérés, Wala-Ridge, résesség, torlédas).
Mértik a valaszkeresés soran fellelhet6 és hianyz6 adatok
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tatasara forditott id6t az egyes dokumentéciés formak ese-
tében. Eredményeinket statisztikai analizisnek (Pearson-kor-
relacio, kétmintas T-proba) vetettik ala.

A nemzetkdzi szakirodalomban fellelhetd, dokumentéaci-
0s rendszerre iranyulo fejlesztési igények és hipotéziseink
helyességének reményében a Graid strukturalt leletez6szoft-
verben létrehoztuk a Semmelweis Egyetem Gyermekfoga-
szati és Fogszabalyozasi Klinika (a tovabbiakban klinika)
kiértékeld sablonjat. Ugyeltiink arra, hogy orvosaink ezen
interaktiv fellleten a klinika szabvanyositott nyelvezet(i (SQL)
adatbazisat megalapozva beilleszthetik pacienseik kefalo-
metriai-, foto- illetve modellanaliziseinek eredményeit. Mivel
az SQL-adatbéazis legfontosabb ismérve, hogy platformfug-
getlen, halmazorientalt, szabvanyositott nyelvezetet hasznal,
innen az adatok kulcsszavak segitségével lekérdezhetdk, és
Excel kiterjesztésu binaris fajlformatumban (XLS), a kés6bbi
feldolgozashoz exportalhatok. Fontosnak tartjuk a Iétrehozott
dokumentacios adatbazis elérhet6 legyen az altalunk hasz-
nalt korhazi informacios rendszeren (HIS) keresztil is, amely
az Elektronikus Egészségugyi Szolgaltatasi Térrel (EESZT)
kommunikal. Ennek érdekében a megépitett sablont informa-
tikusok segitségével integraltuk klinikank informéaciés rend-
szerébe, a Flexi-Dent szoftverbe, amelyet eddig elsésorban
a jelentési kotelezettség céljabdl hasznaltunk, igy azonban
alkalmassa tettik a teljes diagnosztikai és terapias dokumen-
tacio strukturalt tarolasara is.

EREDMENYEK

Szakirodalmi attekintés

Egy 2008-as atfogd finn tanulmany 89 értekezés sok
kllénbdz6 szempontja figyelembevételével értékelte az EHR-
eket. Kevés leirast talalt az EHR-ek strukturajara és termino-
tok kiloénb6z6 terminologiak szerinti Gjrafelhasznalhatosa-
gara val6 igényt mar akkoriban megfogalmaztak. Az alkalma-
zott EHR-rendszerek tipusain és alkalmazasi terlletein til az
adatgydjtés formajara és személyére vonatkozo6 tényezdkodn
at az adat mindségére iranyuld kutatasokat is bevonték a
vizsgalatba. Ezek egydntetlien kimutatjak, hogy az elektro-
nikus informacios rendszerek hasznalata el6segiti az egész-
ségligyi szakemberek dokumentacios tevékenységét.
Hayrinen és mtsai. mar utalnak egyes publikéaciokra, amelyek
els6k kozott foglalkoztak a mesterséges intelligenciaval fej-
leszthet6 dontéshozatali eszk6zok EHR-ekbe val6 integrala-
saval, és hangsulyozzak, hogy ilyen eszk6zok j6 miikodése
csak strukturalt és jol meghatarozott terminolégia hasznala-
taval varhat6. Pontatlan és hianyos adatokkal nem lehetsé-
ges ezeket dontéshozatali, kutatasi, statisztikai vagy egész-
ségpolitikai célokra alkalmazni [10-12].

Egy Ujabb, 2021-es szisztematikus attekintés kvantitativ
és kvalitativ médszereket mutat be arra vonatkozo6an, hogy
miként lehet az EHR péaciensadataibdl fejlett, mély tanulasi
modszerekkel, matematikai kod forméajaban hasznos infor-
maciokat elérni, és ezeket az egészséguigyi folyamatok opti-
malizélaséara felhasznalni. A vizsgalatba bevont 49 tanul-
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manybol 37 a betegadatok matematikai kodolasahoz struk-
turélt paciensadatokat hasznalt. Kimutattak, hogy fejlett mély-
tanulasi technikédk bevonasaval — a modellépitésen tul — a
mesterséges intelligencia felismeri és kezeli a paciensada-
tokkal kapcsolatban felmer(ild problémakat, és segiti a tudo-
manyos kutatasok elémozditasat is [13].

ATexas allambeli Kruse és mtsai. 37 publikaciot foglalnak
Ossze egy 2018-as review-ban, amelyek kdzds témaja kife-
jezetten a kérhazi informéacids technolégiaval (HIT) kapcso-
latos kutatasok korlatozott szama [14]. Buntin és mtsai. altal
idézett kdzlemények majdnem 10%-a negativ eredményeket
irt le a HIT alkalmazhat6sagaval kapcsolatban [16], ugyan-
akkor Goldzweigék szerint a HIT-nek kdszdnhetden lett effek-
tivebb és produktivabb az egészségugyi ellatas [17]. Ehhez
hasonlokat tapasztaltak a vizsgalatba bevont publikaciok
81%-aban, mig a fennmaradd 19% vizsgalati eredményeit
kilénb6z6 faktorok tévesen befolyasolhattak [14-17].

»A betegadatok grafikonos abrazolasa” cimi 2019-es iro-
dalmi attekintés szerzdi szerint azonban a betegadatok graf-
elméleti algoritmusokban valé abrazolasa és feldolgozasa
olyan j6vét vetit elére, amelyben a betegek diagnosztizala-
sara, differencialdiagnozisara, gyogyszerelésére vagy tera-
pigjara iranyuld dontéstamogatd rendszerek kerllnének
kidolgozasra [18-22]. A legtébb publikacioban felmeril, hogy
a klinikai dokumentacié nemcsak befolyasolja a betegellatas
mindségét, a betegbiztonsagot és az orvosi hibak szamat, de
egyre gyakoribb, hogy az adatokat minéségbiztositas felmé-
résére, pénzigyi és kutatasi célokra hasznaljak fel [19-22].

Egy multicentrikus, retrospektiv tanulmany egy validalt
mérbeszkoz, a QNote segitségével klinikai dokumentacios
jegyzeteken végzett vizsgalata tudomanyos eredményekkel
is alatdmasztja, hogy a strukturalt lelet 20%-kal magasabb
min&ségu dokumentacidt jelent a hagyomanyos, nem struk-
turalt, narrativ széveges lelethez képest [23]. A strukturalt
jegyzetek lényegre térébbek és jobban értékelhetdk voltak.

Egy Daniabol és Svajcbol szarmazo szisztematikus atte-
kintésben az egészségligyi adatok intézménykozi vagy hatéa-
rokon atnyulo, tobb forrasbol vald 6sszegylijtését, megoszta-
sat és 0sszekapcsolasat mérték fel, adatharmonizaciot aka-
dalyozo és elbsegitd tényezOket kutatva. Eredményeik alapjan
Daniaban egy centralizaltabb iranyitasi rendszer, mig Svajc-
ban az egészségligyi adatok interoperabilitasat hangsulyozo,
elosztott iranyitasi modell bizonyult jobb megoldasnak. Az észt
egészséguigyi rendszerben a decentralizacié melletti a block-
chain-technolégia bevezetése igér megbizhat6 betegnyilvan-
tartasi eljarast [24-26]. Az attekintés kulcsfontossagu konklu-
zioja, hogy ugyan az adatharmonizaciot nehezitd és tamogato
tényez6k kozul a technikai kérdések meghatarozdak, de az
etikai-jogi, tarsadalmi-kulturalis és egyéb nehézségek figye-
lembevétele is kiemelked6en fontos. Izlandon példaul az
egészségligyi adatbazisanak létrehozasara iranyul6 projekt
etikai-jogi kérdések alulértékelése miatt hidsult meg [27,28].

Egy 2023-ban megjelent magyar dsszefoglalo a személyre
szabott orvoslas fontossagat mutatja be hazank jelenlegi és
tervezett orvostudomanyi modelljén keresztul. A felmertld igé-
nyeket, kérdéseket az orvosképzés, a kommunikéacio- és adat-
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aramlas, a digitalis innovacié és implementacié mellett a jogi
és gazdasagi nehézségek szempontjabdl kdzeliti meg. A struk-
turalt egészségligyi adatgydijtést a jél koordinalt egészségligy
alapvett feltételeként emliti, mind az adatokhoz térténé hoz-
zaférés, mind a hatékony kommunikacié megvalositasa miatt.
Utal a pandémia okan egyre szélesebb kérben elterjedt tele-
medicina és az EESZT korszeri alkalmazhatésagara, ugyan-
akkor kiemeli, hogy hazankban a személyre szabott egész-
ségugyi orvoslas és ellatérendszerbeli hatékonysag és kolt-
ségcsokkentés szempontjabdl is sziikséges lenne az egész-
séglgyi adatok strukturalt leletezé adatbazisokban torténé
tarolasara, amelyet egyes csoportok, pl. a molekularis onko-
teamek elkezdtek a sajat hal6zatukban kiépiteni [29].

Belsé kutatas a klinikai dokumentacié
hatékonysaganak felmérésére

A strukturalt és szabvanyositott dokumentacio limitélja a
szavak, és igy a lelet kifejezOképességét, mert Iényege, hogy
ismert kulcsszavak mentén egy adott eltérést csak kizarolag
egy adott szoval enged leirni, biztositva ezzel az adott sz6
menti visszakereshet6séget. Az adatok Ujrafelhasznalhatosa-
géra valo igény (kutatas, terapiakdvetés, populaciofelmérées
stb.) esetén ezért a strukturalt dokumentaciot részesitjik
elényben. Segitségével egy-egy kulcsszdéra minden olyan
anomalia kiszirhet6, amit a széveges megfogalmazasban
kilénb6z6 szinoniméakkal irhatunk le. Amennyiben az infor-
maciok Ujabb feldolgozasara nincs szlikség, a hagyomanyos
narrativ dokumentéaci6é a célravezet6 [7]. Mivel azonban a
kutatasok féleg a papiralapt és az elektronikus adat kdzotti
kilénbségre koncentralnak, ezek alapjan nem tudjuk tényle-
gesen, pontos adatokkal leirni, milyen hatassal van a struktu-
ralas és a szabvanyositas az elektronikus egészséguigyi lele-
tek minéségére [19]. A betegellatas és az egészségugy effek-
tivebb mlkddése, a koltséghatékonysag, az eredményesebb
kutat6éi munka és az egészségugyi intézmények kdzotti gyors
kommunikaci6 lehetésége motivalt minket klinikank jelen
dokumentacios rendszereinek felllvizsgalatara, és egy olyan
Uj tipusq, strukturalt adatbazis megépitésére, amely barmely
szakterllet iranyaba boévithet6 és egységesen alkalmazhato.

Kutatasunkban 30 paciens papir- és PPT-dokumentacio-
janak atvizsgalasa 14 kérdéskor alapjan tértént. Az 1-es tab-
lazatban az egyes kérdésekre talalt valaszoknal a szignifi-
kans kilénbségeket szlirke mezével (sok valasz) és fekete
mezovel (kevés valasz) jeldltik, fehér szin a kevésbé szigni-
fikans eltéréseknél van.
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1. tablazat
30 péciens papir és PPT (PowerPoint prezentacié) dokumentacidéjaban
(n=60) 14 darab kérdéskort kutatva (forras: sajat szerkesztés)

Az adott dokumentéacibtipus és a benne szerepld infor-
maciok/betegadatok megléte vagy hianya kdzétt szignifikans
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14 kérdéskor megoszlasa a régzités modja (papir- vagy PPT-dokumentacio) szerint (30 paciens) (forras: sajat szerkesztés)

Osszefliggést nem talaltunk, hiszen az anamnesztikus és
diagnosztikus kérdéskorok 6sszesen 35%-ara kaptunk
valaszt a papirban, és 34%-ara kaptunk vélaszt a PPT-ben.
Az esetek nagy hanyaddban sem az egyik, sem a masik lele-
tezési forma, s6t a kett6 egyiutt sem ad elegendd informaciot,
igy a retrospektiv vizsgélatokba bevonhat6 esetek szadma
nagymértékben korlatozott.

Ugyanakkor az egyes anamnesztikus és diagnosztikus
Iépések elvégzésére utald adott informéaciok szamaban mar
szignifikans kilénbség allapithaté meg. A fiiggetlenség esetén
vart értéktdl szignifikansan eltéré gyakorisagot a vilagos és a
sOtét szinek jelzik. A 2. dbran lathatd anamnesztikus és egyes
diagnosztikus kérdéskorokre a papir-, mig a fotd és réntgen-
elemzésre a PowerPoint-alapt dokumentaci6 adott szignifikan-
san tdbb valaszt a dokumentéaciok attekintése soran. Ennek
oka az lehet, hogy a péaciens felvételekor a kartonon elére meg-
irt sablont kell kit6lteni, mig a PPT sablonja Ures, nincs tmpont
a jegyzeteléshez, viszont a képalkoto eljarasokkal készult fel-
vételeket kénnyebb tarolni és értelmezni digitalisan, mint
kinyomtatva. A képalkoto eljarasokrél (OP, teleréntgen, AP)
készitett diagramrdl leolvashat6d, hogy leggyakrabban sem
papir, sem PPT forméjaban nem kaptunk informéciét (2. 4bra).

A képi felvételekkel kapcsolatban tarolt adatok tekinteté-
ben tehéat a digitalis PPT dokumentéci6 bizonyult hatékonyabb
modszernek, de gyakran egyikben sem talaltunk informéciot,
pedig az OP- és telerdntgen-felvételeket minden egyes, fog-
szabalyozasban részt vevd paciens esetén rutinszerlien elvé-
gezzUk és kiértékeljik. A két dokumentacidtipusban az adatok
visszakeresésére forditott id6 atlaga egymastol szignifikansan
nem tért el. A keresés ideje egyenletes eloszlast mutatott a
PPT-k esetében, mig a papiralapt dokumentacidban a visz-
szakeresési id6 ehhez képest egy aranytalan, kevéssé kisza-
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6 Képalkotok

S I
— B

papir ppt mindkettd egyik sem

mOP Telerontgen ™ AP

2. dbra

Képalkoté eljarasok eredményeinek szereplése a paciens teljes doku-
mentdcids kartonjaban (OP: orthopantomogram, AP: antero-posterior
teleréntgen felvétel) (forras: sajat szerkesztés)

mithatd eloszlast mutatott. Az esetek 40%-aban révidebb volt,
mint a PPT-k legrévidebb visszakeresési ideje, ugyanakkor
az esetek 15%-aban hosszabb volt, mint a PPT-k leghosz-
szabb visszakeresési ideje. Osszességében az estek kozel
60%-aban a PPT és nagyjabdl 40%-aban a papiralapu doku-
mentaciéban torténd visszakeresési idd volt hosszabb (3., 4.
abra). Figyelembe véve, hogy egy szinvonalas kutatashoz
nagy esetszam bevonasa szikséges, tébbszaz paciens kar-
tonjat tekintve ezen id6k mindkét dokumentéciotipus atvizs-
galasa esetén rendkivil hosszuak a strukturalt adatbazisban
tértén6é néhany masodperces kereséshez képest.

Sajat strukturalt leletezérendszer-fejlesztés

Informatikus szakemberek segitségével a Graid struktu-
ralt leletez6szoftverben létrehoztuk sajat fogszabalyozasi
dokumentacios sablonunkat. (5. abra)
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Evaluation

Kefalometriai analizis

yry M. Bl

Orhopadia

PFH/AFH (50.63%)

Facsal aors (9023 5%)

Y.axis (53-66%)
Lower facial haight {4524°%)
MNL-ML (23.5°)
WITS appraisal (0-2 mm)
CVMS (1-6)
Maxilla
Maxolhary depth (90£3%)
SNA (827)
Vomvie BALARY
Sinako Olebal © 2022 41234
5. abra

Q | Koresds
Ac M

@ 3165 fog
@ 325 fog
@ 335 fog
@ 34-65 fog
@ 3505 fog
@ 3605 fog
@ 37-85 tog
@ 36-a5 fog

Graid strukturalt leletez6szoftverben létrehozott fogszabalyozasi dokumentacios sablon

A Graid fellilete online szabadon elérhetd, amelyben a
felhasznal6 barmely szakorvosi teriletnek megfelelGen,
egyéni igényeire szabva sablont épithet. Minthogy magyar
fejleszték terméke, a hazai sablonépités és a havi felhasz-
naléi dij kedvezményes, esetlinkben dijmentes volt.

Atér harom dimenzi6jaban felvett, paciensenként mintegy
130 diagnosztikus adatot (tavolsag, szdg, aranypar) korabbi-
aknak megfeleléen csak manualisan, papiralapi kartonon,
illetve digitalisan, PowerPoint formatumban vezettlk. Fenti fel-
méréseink szerint ezen betegadatok elméletben hidba jelen-
nek meg digitalisan és papiron is, egyrészt a gyakorlatban
ezek j6 része hianyos, masrészt 100%-ban nem visszakeres-
hetd, hiszen nem szabvanyositott széveget tartalmaz, és a for-
matum (PPT, papir) strukturalt adatelemzésre nem alkalmas
adatbazist jelent. Mara a Graidben egy teljes, strukturaltan fel-
dolgozhat6, anamnesztikus és diagnosztikus sablont épitet-
tlnk, amit egy-egy kutatasi terlletnek megfeleléen (pl. diabe-
teses, ikerkutatasos vagy minicsavaros munkacsoport igénye-
ire szabva) tovabbi kérdéskorokkel bdvitettink, lasd 6. abra.
igy hosszU tavon sokkal nagyobb beteganyag keriilhet feldol-
gozasra az adott kutatbcsoport tudomanyos tevékenysége
soran, mint amit az orvosok maguktol, a megszokott PPT- és
a papiralapt dokumentaciéban felijegyeznének.

A felllet anamnesztikus oldalan az orvos minden éltala-
nos orvosi-, fogaszati- és fogszabalyozasi anamnesztikus
kérdésen végighalad igen/nem valaszok mentén. Egy adott
valasz esetén pedig Ujabb megvalaszoland6 kérdések jelen-
nek meg (pl. allergiatipusok vagy rossz szokasok), majd elju-
tunk az extra- és intraoralis klinikai vizsgalat, valamint a funk-
cionalis analizis kitoltendd lépéseihez. A tovabbiakban e
rendszer szerint haladva gyl(jtjlk egy-egy péaciensrdl a
kilénb6z6 fogszabalyozasi kiértékelési metdédusok széa-
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munkra relevans diagnosztikus és terapias adatait. A sablont
ugy épitettik meg, hogy a mintaelemzésnél a megszokott
fogszabalyozasi 1épések elvégzése és feljegyzése utan a
szoftver bizonyos lemért értékek alapjan, meghatarozott
képletekkel szamolast is végez, igy ad végeredményt pl.
Wala- vagy Bolton-analizishez. A telerdntgen-elemzés ese-
tében a dentalis, a profil és a skeletalis mutatokat verticalis
és sagittalis dimenzidkra osztva rendszereztlk kilon-kulén
a maxilla, a mandibula és az arckoponya esetén. A fotbana-
lizisnél a profil- és a teljes arcelemzésen tul részletes makro-
és mikroesztétikai sablon kitltésére is van lehetéség. A
tovabbiakban a problémalista és a tervezett terapia ponton-
ként lejegyezhetd, amelyhez kivalaszthatéak az egyes
késziléktipusok, vagy akar a kllénbdz8d gyartoktédl szar-
mazo, eltéré nagysagu és felliletkialakitast miniimplantatu-
mok, ezzel példaul a skeletalis elhorgonyozasu eszkdzoket
alkalmazo klinikai kutatasokat tamogatva. Kiilén kiemelend®,
hogy ezen tervezési blokkban egy nem Al-alapu dontésta-
mogatasi rendszert is kiépitettiink, amelyet empirikus ada-
tokra alapozva javaslatokként és nem protokollként kinal fel
a szoftver. A fogszabalyozasi leletezé mellett egy maxillofa-
cidlis sebészeti leletez6t is készitettiink, amelybe a SE Arc-
Allcsontsebészeti Klinikaval egyuttmiikddésben végzett
interdiszciplinaris eljarasok (dysgnathiak sebészete) pontos
adatai jegyezhetdek fel. A dysgnath sebészetben korabban
manualisan elkészitett sablonmtéteket és akrilatsineket fel-
valto, digitalis 3D-szoftverekben meghatarozott mozgatasok
értékeit ezen a fellleten ma mar a tér mindharom iranyaban,
szazadfokos pontossaggal menthetjik, ugyanakkor ezen
nagy mennyiségl informéacidhalmaz korabban ismeretlen,
vagy joval hianyosabb volt, és valahol az adott paciens
strukturalatlan kartonjaban maradt. Az ilyen nagy mennyi-
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a. Diabetes Mellitus? b serews f

O yes

or distalization

© Tiger Dental

from when?

B - infrazygomatic screw: 2x14 mm DualTop (Tiger Dental)
palatal screw: 2 mm x 12 mm DualTop (Tiger Dental)

09/17/2008

1 glucose level?

palatal screw. 2 mm x 14 mm DualTop (Tiger Dental)

palatal screw: 2 mm x 16 mm DualTop (Tiger Dental)

palatal screw: 2,5 mm x 12 mm DualTop (Tiger Dental)
palatal screw: 2,5 mm x 14 mm DualTop (Tiger Dental)

palatal screw: 2,5 mm x 16 mm DualTop (Tiger Dental)

Savaria Dental

Screws for mesialization

Tiger Dental

87
HbA1C level?
6,9 %
Ketone Body level?
0,7
Diabetes therapy?
O s RMO
© pen
pump

Savaria Dental

Screws for direct or indirect anchorage

B interradicular bracket or button head: RMO 1.6X 8 mm

Insulin type?

Gyors hatasi és NPH human
inzulinok 25:75

interradicular bracket or button head: AO 1,5 mmx8 mm

Screws for expansion

© Tiger Dental

She/he uses a sensor?

O yes

6. abra

B palatal screw in M4 and M5 position: 2 mm x 12 mm DualTop (Tiger Dental)

A diabeteses (a.) és minicsavaros (b.) munkacsoport igényeire szabott kiegészité kérdbivek

ségl adatsablonok révén azonban egyszerlien megdrizheté
és késObb felhasznalhat6 a rovid- és hosszu tavu, postope-
rativ recidivat, relapszust vizsgalo felméréseknél.

A Graid SQL-felulete az altalunk hasznalt HIS-en (Flexi-
Dent) keresztil elérhetd, igy a korabban és az ezutan felvett
adatok 0sszekothetok. A Graid csak strukturalt fellletet ad az
informaciofeldolgozashoz, személyes paciensadatot sajat
szerveren nem tarol, a GDPR-el6éirasoknak megfeleld hasz-
nalatot biztosit, ugyanakkor a sablonjabdl a kiértékelési ered-
mények barmikor, XLS-faljformatumban lekérdezhetdk.

MEGBESZELES

Az angol nyelvi tanulmanyok déntéen a papiralapu és
az elektronikus adat k6z6tti kiildnbségre koncentralnak, és
bar eredményeik jol mutatjak a digitalis strukturalt vagy félig
strukturalt szabvanyositott dokumentéacio eldényeit, ezek
tudomanyos aldtamasztasahoz tovabbi vizsgalatok szliksé-
gesek. A legfrissebb szakirodalomban azonban mar talal-
hatunk olyan, tudomanyosan is megalapozott kijelentés-
eket, amelyek meggy6z6 bizonyitékot mutatnak arra vonat-
kozban, hogy a strukturélt és szabvanyositott adatrogzités
javitja a dokumentéacié minéségét, egy adott intézménytél
vagy az EHR-szolgaltatétol flggetlenll. Az adatok ujrafel-
hasznalhatésagara val6 egyre nagyobb igény azonban arra
Osztdnzi a folyamatok optimalizalasan dolgoz6 informatiku-
sokbol és egészségligyi szakemberekbdl allo fejleszté mun-
kacsoportokat, hogy az egészségugyi dolgozokra haruld
kezdeti, latszolagos adminisztrativ terheket révid idén belll
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sokszoros nyereséggé és haszonna transzformaljak [19,
30].

Szakteriletinkdn belul klinikank nagy elénye, hogy sok
orvos egylittesen, hasonlé koncepcié és metddus alapjan
nagyon sok kezelési tervet készit el, igy szamtalan 6ssze-
hasonlithatd adat all rendelkezéslinkre kutatéi tevékenysé-
glnk eredményességének ndveléséhez. A strukturalt, mind-
annyiunk szamara elérhet6 és atlathat6 adattarolas azonban
maig nem megoldott. A papir- és digitalis alapu, de struktu-
rélatlan, nehezen visszakereshet adathalmazban (ismert
nevén: data lake), az orvosok kdzelsége és j6 kommunikéa-
cios csatorndk megvalésulasa esetén is nehézkes minden
érintett alanyt bevonni a vizsgélatokba, és kihasznalni a
nagy beteganyag nydujtotta elénydket. Vizsgalataink is iga-
zoltak, hogy hidba van tobb lehetéség a dokumentéacié fel-
vételére, az atlathatésag és a visszakereshet6ség hianya
miatt az orvosok hajlamosak ezekben elveszni, igy a teljes
anamnesztikus és diagnosztikus adathalmaz szinte egyik
paciens esetében sem all rendelkezésre, még akkor sem,
ha kifejezetten sok id6t szanunk ezek dsszegylijtésére. Ha
100 paciens adataibdl szeretnénk retrospektiv vizsgalatot
késziteni, egyesével kellene kartonjaikat és PPT-dokumen-
tacidikat vagy egy HIS (Flexi-Dent, MedSolution stb.) struk-
turélatlan adatbazisat végignézni, ami amellett, hogy rend-
kivil idéigényes folyamat, eredménytelen is lenne, hiszen
az adatok nagy szazalékban elvesznek az adattarolas soran.
Mivel az orthodontidban a paciensek tdbbségét aktiv néve-
kedési szakaszukban, folyamatos anatémiai, morfoldgiai és
biologiai valtozasuk soran kdvetjiik és ezen fejlédési iranya-
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ikat befolyasoljuk, ezért esetikben kiemelkedéen fontos
kovetkeztetésekhez vezethet az adatok Ujrafelhasznéalasa a
tdbbéves kezelések utan, illetve még késébb, amikor az
alkalmazott kezelési eljarasokrol és a készulékek hatékony-
sagarol alkotott feltételezéseink értelmet nyernek. Az adatok
strukturalt modon térténd sokrétl hasznositasa tehat a szol-
géltatasaink értéknovelt jellegét erbsithetik mind a betegel-
latast, az oktatast és a kutatast, mind a gazdasagi elényoket
tekintve. Ugyanakkor a szabvanyositas és az adatstruktura-
las kildnboz6 tarsteriiletek bevonasa révén egy olyan egy-
valésithatjuk meg, amely nemcsak az egészségligyi szak-
emberek, de az intézmények és a hatésagok kozétti egyitt-
mikddés gyorsan elsajatithatd, és a hétkdznapi gyakorlat-
ban egyszerlien alkalmazhaté médszere lehet. Ezzel az
interdiszciplinaris terapiak és kutatasok, valamint az orsza-
gon beluli, vagy akar hataron atnyulé interoperabilis csator-
nak alapjait teremthetjik meg.

KOVETKEZTETES

Bar minden tanulméanynak fellelheték a maga korlatai és
hatarai, melyek az eredményeket torzithatjak, de a szerzék
a legtébb esetben igyekeztek a hibalehetéséget és a hibas
végkifejlet kockazatat minimalizalni. Szisztematikus attekinté
vizsgalatunk soran az egyes tanulmanyok altal levont kovet-
keztetések igazoljak, hogy a strukturalt és szabvanyositott
dokumentacio pozitivan hat az orvosi lelet minéségére. A
strukturalt adatok kulcsfontossaguak az egészségligyi adatok
Ujrafelhasznalasa szempontjabol, amely nélkilézhetetlen az
automatizalt minéségbiztositas, az egészséglgyi kdzpontok
koz6tti informaciocsere és nem utolsésorban a tudomanyos
kutatasok gyors adatgydijtési modszereinek kialakitasahoz.
Kevés forrast talaltunk arra vonatkozéan, hogy mennyiben
neheziti meg ez a kezdeti atallas az orvosok munkajat, a leg-
tobb cikkben inkabb az idémegtakaritasrol esik szo6, pedig
sajat tapasztalataink szerint is elmondhat6, hogy a kezdeti
Iépéseket t6bb id6be telik megtenni, és nagyobb szervezett-
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séget igényel, mint a megszokott rend szerint haladni.
Hasonléan kevés forras talalhatoé arra vonatkozéan, hogy
anyagi megfontolasbdl mikor tériil meg az egészségligyben
egy ilyen iranyd, nagyobb volumen( fejlesztés, de a nyugati
orszagokban az adat infrastrukturalis értékként val6é keze-
lése, illetve a ,big data”, azaz az adatallomanyok feldolgoza-
saval foglalkozé technologiak térnyerése a vilag minden ter-
letén (szolgaltatas, gazdasag, kuligy, kormanyzés stb.) az
adat rendkivuli fontossagéara enged kovetkeztetni a jelenben.
Ezekre a kérdésekre folyamatos kutatomunkéankkal és az
altalunk létrehozott strukturalt leletezésablon rutinszer( alkal-
mazasa soran végzett Ujabb vizsgalatokkal szeretnénk
valaszt adni. A legnagyobb kihivast az jelenti szamunkra,
hogy a korabbi nagyvonalu, betegkartonon végzett, struktu-
ralatlan dokumentaciot felvaltdé, minden részletre kiterjedd,
alapos, strukturalt modszer bevezetésével a raforditott id6t
és az adminisztrativ terheket valoban csdkkentsiik. Ennek
érdekében egyes diagnosztikus Iépéseket (kefalometriai ana-
lizis) felgyorsitd, Al-alapu eszkdzok bevezetését és fejlesz-
tését is elvégeztik.

Anyagi tamogatas
A cikk szerz6i anyagi tamogatasban nem részesiiltek.

Erdekeltségek

A szerzbknek nincsenek érdekeltségeik. Szerzdk szeret-
nék, hogy munkajuk az egyetem kutatoi, betegellatéi és okta-
toi teveékenységét segitse és magasabb szintre emelje.

Kdészodnetnyilvanitas

Koszdnettel tartozom szerzétarsaimnak, akik mindvégig
értékes elméleti és tapasztalati tanacsokkal segitették mun-
kamat, illetve Dr. Hermann Péter Rektorhelyettes Urnak, aki
jovahagyta, hogy az altalunk létrehozott fogszabalyozasi sab-
lont a Fogorvostudomanyi Kar betegellaté tevékenysége
soran hasznalt fogaszati leletezészoftverbe integraljuk, és
ezaltal a projekt gyakorlatban valé alkalmazasat megkezd-
hessuk.

[3] E-health action plan 2004 [E-egészséglgyi cselekvési
terv 2004]. Available from: http://eur-lex.europa.eu/
LexUriServ/LexUriServ.do?uri=COM:2004:0356:FIN:EN:
PDF (accessed: Jan 1, 2023) [Hungarian]

[4] Economic Impact of Interoperable Electronic Health
Records and ePrescription in Europe (01-2008/02-2009).
Available from: http://ec.europa.eu/information_society/
activities/health/docs/publications/201002ehrimpact_stu
dy-final.pdf. (accessed: Jan 1, 2023)

[5] Article 14 of Directive 2011/24/EU of the European
Parliament and of the Council on the enforcement of pati-
ents' rights in cross-border healthcare provides for the

XXIIIl. EVFOLYAM 2024/1. SZAM



network. [A hal6zatrol a hataron atnyulé egészségugyi
ellatasra vonatkozo6 betegjogok érvényesitésérdl szold
2011/24/EU eurbpai parlamenti és tanacsi iranyelv 14.
cikke rendelkezik]. Available from: http://eurlex.europa.
eu/LexUriServ/LexUriServ.do?uri=0J:L:2011:088:0045:0
065:HU:PDF (accessed: Jan 1, 2023) [Hungarian]

[6] Digital Health Solutions in Medicine (D.E.M.O.) Project
[Digitalis Egészséguigyi Megoldasok az Orvoslasban
(D.E.M.O.) Projekt]. Available from: https://semmelweis.
hu/digitalhealth/ (accessed: Jan 1, 2023) [Hungarian]

[7]1 Rosenbloom ST, Denny JC, Xu H et al.: Data from clini-
cal notes: a perspective on the tension between structure
and flexible documentation. J Am Med Inform Assoc.
2011; 18: 181-186.
https://doi.org/10.1136/jamia.2010.007237

[8] Gyérify Z, Rado N, Mesko B: Digitally engaged physici-
ans about the digital health transition. PLoS One. 2020;
15: e0238658.
https://doi.org/10.1371/journal.pone.0238658

[9] Németh O, Simon F, Benhamida A et al.: eHealth, tele-
dentistry and health workforce challenges: results of a
pilot project. BMC Oral Health 2022; 22: 552.
https://doi.org/10.1186/s12903-022-02603-6

[10] Hayrinen K, Saranto K, Nykanen P: Definition, structure,
content, use and impacts of electronic health records: a
review of the research literature. Int J Med Inform. 2008;
7:291-304.
https://doi.org/10.1016/j.ijmedinf.2007.09.001

[11] Menke JA, Broner CW, Campbell DY et al.: Compu-
terized clinical documentation system in the pediatric
intensive care unit. BMC Med Inform Decis Mak. 2001;
1: 3. https://doi.org/10.1186/1472-6947-1-3

[12] Aronsky D, Haug PJ: Assessing the quality of clinical
data in a computer-based record for calculating the pne-
umonia severity index. J Am Med Inform Assoc. 2000; 7:
55-65. https://doi.org/10.1136/jamia.2000.0070055

[13] Si Y, Du J, Li Z et al.: Deep representation learning of
patient data from Electronic Health Records (EHR): A
systematic review. J Biomed Inform. 2021; 115: 103671.
https://doi.org/10.1016/j.jbi.2020.103671

[14] Kruse CS, Beane A: Health Information Technology
Continues to Show Positive Effect on Medical Outcomes:
Systematic Review. J Med Internet Res. 2018; 20: 41.
https://doi.org/10.2196/jmir.8793

[15] Buntin MB, Burke MF, Hoaglin MC et al.: The benefits of
health information technology: a review of the recent lite-
rature shows predominantly positive results. Health Aff.
(Millwood) 2011; 30: 464—471.
https://doi.org/10.1377/hlthaff.2011.0178

[16] Chaudhry B, Wang J, Wu S et al.: Systematic review:
impact of health information technology on quality, effici-
ency, and costs of medical care. Ann Intern Med. 2006;
144: 742-752.
https://doi.org/10.7326/0003-4819-144-10-200605160-00125

[17] Goldzweig CL, Towfigh A, Maglione M et al: Costs and
benefits of health information technology: new trends

IME — EGESZSEGUGYI VEZETOK SZAKLAPJA - TUDOMANYOS FOLYOIRAT

from the literature. Health Aff (Millwood) 2009; 28: 282—
293. https://doi.org/10.1377/hlthaff.28.2.w282

[18] Schrodt J, Dudchenko A, Knaup-Gregori P et al.: Graph-
Representation of Patient Data: a Systematic Literature
Review. J Med Syst. 2020; 44: 86.
https://doi.org/10.1007/s10916-020-1538-4

[19] Ebbers T, Kool RB, Smeele LE et al.: The Impact of
Structured and Standardized Documentation on Docu-
mentation Quality; a Multicenter, Retrospective Study. J
Med Syst. 2022; 46: 46.
https://doi.org/10.1007/s10916-022-01837-9

[20] Adane K, Gizachew M, Kendie S: The role of medical
data in efficient patient care delivery: a review. Risk
Manag Healthc Policy. 2019; 12: 67-73.
https://doi.org/10.2147/rmhp.s179259

[21] EI-Kareh R, Hasan O, Schiff GD: Use of health informa-
tion technology to reduce diagnostic errors. BMJ Quality
& Safety. 2013; 22: 40-51.
https://doi.org/10.1136/bmjgs-2013-001884

[22] Schiff GD, Bates DW: Can electronic clinical documen-
tation help prevent diagnostic errors? N Engl J Med.
2010; 362: 1066-1069.
https://doi.org/10.1056/nejmp0911734

[23] Burke HB, Hoang A, Becher D et al.: QNOTE: an instru-
ment for measuring the quality of EHR clinical notes. J
Am Med Inform Assoc. 2014; 21: 910-916.
https://doi.org/10.1136/amiajnl-2013-002321

[24] Gordon WJ, Catalini C. Blockchain Technology for
Healthcare: Facilitating the Transition to Patient-Driven
Interoperability. Comput Struct Biotec. 2018; 16: 224—
230. https://doi.org/10.1016/j.csbj.2018.06.003

[25] Wong MC, Yee KC, Nohr C: Socio-Technical Considera-
tions for the Use of Blockchain Technology in Healthcare.
Stud in Health Tech Inform. 2018; 247: 636—640.

[26] Mettler M: Blockchain technology in healthcare: The
revolution starts here. e-Health Networking, Applications
and Services (Healthcom), 2016 IEEE 18th International
Conference on; 2016: IEEE.

[27] Geneviéve LD, Martani A, Mallet MC et al.: Factors inf-
luencing harmonized health data collection, sharing and
linkage in Denmark and Switzerland: A systematic
review. PLoS One. 2019; 14: e0226015.
https://doi.org/10.1371/journal.pone.0226015

[28] Arnason V: Coding and consent: moral challenges of the
database project in Iceland. Bioethics. 2004; 18: 27—-49.
https://doi.org/10.1111/j.1467-8519.2004.00377.x

[29] Gulacsi L, Békassy Sz, Bittner N et al.: Személyre sza-
bott orvoslas és egészségugy: hol tartunk, merre men-
jink? Personalized medicine and healthcare: where are
we, where should we go? Orv Hetil. 2022; 164: 202-209.
[Hungarian] https://doi.org/10.1556/650.2023.32711

[30] Berg M: Implementing information systems in health care
organizations: myths and challenges. Int J Med Inform.
2001; 64: 143-156.
https://doi.org/10.1016/s1386-5056(01)00200-3

XXIIl. EVFOLYAM 2024/1. SZAM 61



DIGITALIS EGESZSEGUGY  KLINIKAI ALKALMAZASOK  SZAKCIKK

A SZERZOK BEMUTATASA

Dr. Bagdy-Balint Réka 2014-ben szer-
zett diplomat Semmelweis Egyetem
Fogorvostudomanyi Karan, majd az
egyetem Gyermekfogaszati és Fogsza-
balyozasi Klinikajan kezdett el dolgozni.
2017-ben fogszabalyozasbol, 2019-ben
gyermekfogaszatbol tett szakvizsgat.
Jelenleg egyetemi tanarsegéd, tébb kuil-
féldi tanulméanylton vett részt. 2021
szeptembere 6ta PhD-hallgatoként dolgozik egy mestersé-

Palvolgyi Eszter Frida a Semmelweis
Egyetem végz6s fogorvostanhallgato-
ja. Tudomanyos diakkéri munkajat az
egyetem Gyermekfogaszati és Fog-

Dr. Németh Bence az AKH Bécsi
Egyetemi Klinikan dolgozik radiolégus-
ként, kordbban a Zirichi és a Berni
Egyetemi Klinikan praktizalt. Erdekl-
dési teriilete a képfeldolgozasi algorit-
musok, neuroradiolégia, tumorkutatas,
machine learning, programozas. Mér-

Dr. R6zsa Noémi Katinka MSc, PhD
1988-ban fejezte be tanulmanyait a
Bukaresti Carol Davila Orvostudomanyi
és Gyogyszerészeti Egyetem Fogorvos-
tudomanyi Karan. 1990-t6l dolgozik a
Semmelweis Egyetem Fogorvostudo-
manyi Kar Gyermekfogaszati és Fog-
zabalyozasi Klinikajan, jelenleg mint
habilitalt egyetemi docens, 2017-t6l a
klinika kinevezett igazgatoja. Tébb kilféldi tanulmanydton
vett részt. Harom szakképesitést, PhD-fokozatot és egész-
séglgyi menedzser MSc képesitést is szerzett. Harom
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gesintelligencia-alapu szoftver fejlesztésén és tesztelésén,
valamint a fogorvostudomanyi dokumentéacié korszerUsité-
sén. Harom magyar nyelvli egyetemi tankényvfejezet tars-
szerzbje (tovabbi ketté megjelenés alatt van). F8 érdeklédési
terlete a digitalis és adatvezérelt egészségligyi megoldasok
(ktl6nos tekintettel a fogorvostudomanyra és a fogszabalyo-
zasra), a mesterségesintelligencia-alapu diagnosztikus mod-
szerek és dontéstamogatéasi rendszerek, a digitalis orthodon-
tia és az alvasi apnoe orthodontiai jelentésége.

szabélyozasi Klinikgjan 2022 6ta végzi, az aszimmetrikus
eltérések kezelése és diagnosztikaja témakorben. A késéb-
biekben gyermekfogaszattal és fogszabalyozassal szeretne
foglalkozni.

nokinformatikai BSc és MSc diplomat is szerzett képfeldol-
gozas szakiranyon. Ezen kivil tapasztalattal rendelkezik a
gépi tanulas, adatbanyaszat és a korszer( orvosi képfeldol-
gozé technologiak alkalmazasaban. A Graid IT Solutions Kift.
alapit6 Ugyvezetbje. Célja a teleradiologiai leletezés és a
kvantitativ megkozelitések népszerisitése az orvoslasban,
tobbek koz6tt a radiolégiaban.

magyar nyelvi egyetemi tankdényv és jegyzet, két angol
nyelvl egyetemi jegyzet, egy német nyelvi szakkonyv tars-
szerzfje. 2012-t6l vendégtanarként az als6-ausztriai Danube
Private Universityn is el6ad. F6 érdekl6dési terilete a
molaris-incisivus hypomineralisatio etiolégidja és kezelési
lehetéségei, a non- és mikroinvaziv gyermekfogaszati elja-
rasok, a regenerativ endodontia, alignerterapia, digitalis fog-
szabalyozés. Tagja a SE FOK Kari tanacsanak, a Magyar
Allcsont-ortopédiai és Fogszabalyozasi Tarsasagnak, tébb
ciklusban a Magyar Gyermekfogaszati és Fogszabalyozasi
Téarsasag titkara, majd 2023-t6l a tarsaséag elndke.

XXIIIl. EVFOLYAM 2024/1. SZAM



