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Przemystaw KOWALSKI

THE PROPOSED SYSTEM FOR ORTHODONTIC SURGERY

The article presents the project of system for aseipaided orthodontic diagnosis. The system ctmsis
of four modules for data integration, data storédmtabase), data visualization and edition, and daglysis.
The aim of the system is to collect all the necssdata, to present it to the physician, and t@ lrelthe analysis
of the head deformation. In the database are stpadtents data, physicians data (also used for user
authentification), and image descriptions with $info the images. Images are analyzed — the anajiss
parameters of the head models, landmarks, andmatton about the skull deformation. All the kindsrnages
(2 & 3D, volumetric data and point cloud) shouldi®ualized, if it is necessary — simultaneously.

1. THE OUTLINE OF THE PROJECT

The aim of the system is to give to the physicia®m ¢oherent tool for acquisition,
integration, processing, storage, edition and Visat@on of 3D representation (input data
and model) of the human head. The system shoulgséfel for orthodoncy, plastic surgery,
and oncology. The coherent and specialized systathlze easy to use.

In the projected system can be distinguished soodutes (see fig. 1)

- The data integration module, used for integrabbithe data from varied sensors,
and from varied positions of the sensor. The aeguitata should be registered
(arranged in the same co-ordinates).

- The database. The system store not only images,also the patients data
(demographic data, description of disease, etdie Personal data should be

protected.
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Fig.1 The schema of the system.
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- The module for data analysis is used for mankstas the system: finding
landmarks, and parameters of the active, deformaimédel of the head; data
classification, data searching in the databasesttitestical shape models.

- The edition and visualization module (with 3Dearfaces, such as 3D monitors,
google (HMD), etc.) shall meet requirements ofriiexlical practice.

The details of the modules are presented below.

3. THE DATA INTEGRATION MODULE

The data for the system comes from different saurtdR, CT, RTG, and laser
scanner. In the case of RTG and laser scans, ihara@eed for many measurements (e.g. 8
laser scans for one model [11, 6]) to build the etawf the head. The individual images
should be registered [4] (i.e. put in the same dioaite system) and integrated, before the
model is built.

An additional reason for initial data registratimnthe demand of visualization of
different images (3D volumetric images, 3D poimuds, and 2D images) at the same time.

The data registration contains two stages: iniaphroximate registration (made by
human operator, or by using the shape or colorriants); and exact registration (chiefly
done by ICP algorithm [1]). While the algorithmsr fexact registration are well know
(although they need to improve efficiency), theseaineed for the algorithms for initial,
approximate, automatic registration.

The criterion for registration is an additional pplem. There are two main criteria —
optimal superposition (Prokrust’s method) and eslgeerposition. For some tasks the first is
better, for the other — the second, the choicemidpen user.

4. THE DATABASE AND DATA SECURITY

In the database are stored the patients data (deplig data, diseases description,

etc.), physician data, and image data (image locaparameters, etc.).
There are four classes of information in respedcaté security:

public data (image data including landmarks,)gtc.

data accessible only for procedures (the birte dad image acquisition date);

personal data, accessible only for users witsyasds;

data used for user authentification (passworsks; names).
The personal data are protected using the Tripl&-BIgorithm [8] (key has 168 bits) with
one byte shift for each stage of coding.

The first step of authentification procedure (Sge2) is the search of the username in
the database. In the database are stored notahasernames, but the digests produced by
SHA algorithm [8], so the SHA digest of the usereaim compared with the information
stored in the database (1). In the second stepgh@)SHA digest of the password is



Przemystaw Kowalski / XI Conference "Medical Infatits & Technologies" - 2006 43

compared with the SHA digest of password in thaliase. In the third step the SHA digest
of the password and user id (to avoid possiblelarity of passwords in database) gives the
key to decrypt internal key of the database (3k irternal key is used to the decrypt the
personal data in the database (4).
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Fig. 2. Scheme of authentification procedure.

In the present form of the database there is noclsesgorithm, that uses the shape
information. Such function should be very usefultfte search of pathological deformations
of skull. The known methods for shape comparisan @oposed for matching shapes of
different classes of the objects (for example,istirtguish a human from a car [3, 5, 7]), but
not for comparison of similar and only slightly dehed shapes. The parameters of skull
model (built analogically to the active appearanealels [2]), and landmarks (pointed by
user and by the active models [10]) shall be usdoht such deformations.
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Fig.5. The dialog windows of the database.
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5. EDITION AND VISUALISATION

The data for the system belongs to some classe$-\8R volumetric images; CT —
3D volumetric images; laser scans — 3D point clqumasshes); RTG — 2D images.

All the images should be visualized at the same tismcompare results, and to point
interesting regions in the images. The applicatioeed at present (RapidForm, Matlab)
visualize only one kind of images in one windoweTddditional problem is caused by the
interface mainly designed for engineering (notrf@dical problems).

Proposed 3D editor uses medical projections ofsthdl, enable physician to see any
chosen surfaces (especially isosurfaces extractead €T and MRI [3]). The functionality
shall allow the visualization for patients (morpdpiand warping).

Medical images are in fact still presented in 2Bs-a slices, or reconstruction. The 3D
output devices (as googles and 3D monitors) imptheeunderstanding of medical images,
that are still presented in 2D — as a slices, comstructions.

6. THE DATA ANLYSIS

The proposed system incorporates the modules faa @malysis, previously
developed in ITAI PAS [9, 11]. The combination bktdata analysis module and database
allows to calculate mean models of the skull faregi bone age, and made other statistical
analysis of population. The analysis module catesldhe parameters of active skull model
and landmarks — the same parameters are usedga staching and stored in the database.
The analysis of the skull deformation gives alséorimation’s about the pathological
deformations and treatment.

7. SUMMARY

At present the system consists of database and apptieations that may be executed
from the database application with the given imagessng paths stored in the database).
The integration of the system is a task still shallcarried out.
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