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Summary.
The detailed analysis of the technique to create three-dimensional model of tooth taking into account tension arising in it is presented in this article. Each calculation is supported with the findings referring normal and tangent tensions by all coordinate axes, equivalent tension according to four main theories of durability has been also investigated as well a-; tensions and deformations in any area of tooth contact with artificial structures corroborated with figures which then may be analyzed by using proper computer program that allows us to individualize the selection of optimal parameters in order to restore decayed teeth.
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According to the data of Ministry of Health of Ukraine, the need for public aid in prosthetic dentistry is about 84%, and the need of restoring the coronal part of tooth - 36-53% of patients who asked for help. [10]. A number of researches confirm the expedience of study of the prevalence and clinical features of coronal tooth part defects, and the development and improvement of new techniques of restoring tooth stump in various clinical situations, particularly in cases of teeth deformities and periodontal disease [7, 6]. Using modern techniques and materials to restore the hard tissue of tooth stump, you can create a monolithic multilayer structure with the absence of weak areas. [8] But now certain pin tumbler designs have not been studied detail and data about the dynamics of their application rather inconsistent. [1]

In clinical prosthodontics often used solid individually made by direct or indirect method apex-stump tabs [14, 3]. According to the literature, failures in the application solid stump tabs range from 6.5% to 14% [5, 11]. Considering that defects of dental hard tissues play an important role in causing teeth deformities, it remains questionable improving the efficiency of orthopedic treatment of patients with destroyed coronal tooth part by developing methods of rebuilding the tooth stump with changing axis in a variety of periodontal diseases. During the action of loads on the tooth root various stress and strain is appeared in paradontium. Stress-strain state depends on various factors such as the length of the root canal, the thickness of its walls, the length and transverse dimensions of the pin. Studying of these factors is one of the important tasks of Prosthetic Dentistry [9, 12].
The purpose of the study

Development of methods for creating three-dimensional computer model of the tooth for calculation of the possible areas of tension which appear during the manufacture of pin-stump tabs.

Object and methods of research

To improve and optimize techniques concerning restoration of damaged teeth together with employees of the Department of Mechatronics from Kharkiv National Automobile and Highway University developed a three-dimensional computer model of dento-maxillary segment by a mathematical calculation of finite elements in the body that is exposed to deformation. When creating a computer model of the tooth was compiled background information that meets the requirements for such calculations.

The first stage is setting the project. The basis of the project is to select the type of scheme image. To accomplish this was selected 5 types of systems of general appearance of the scheme. Each elements of the model for this system has 6 degrees of freedom (3 angles, 3 linear deformations by coordinate’s axes).

The next step is to describe the geometry of the tooth, which consists of simple elements. For a schematic illustration of the tooth, nodes of finite element model are created. After researching the geometric components of tooth flat model created by the example of the image cut studied 1.3. tooth in three-dimensional printer. It is set in the form of plate elements. After this flat plate elements transform into three-dimensional elements.

Results and discussion

Were selected 7 types of spatial elements from 1 to 7. Assume that the entire design scheme consists of the universal finite element to solve the problem of elasticity. The complex includes the following finite elements:
- 8-nodal parallelepiped type 1 (Figure 1 a);

- 4-nodal pyramid type 2 (Figure 1 b);

- 6-nodal straight prism type 3 (Figure 1 c);

- 6-nodal isoparametric finite element type 4 (Figure 1 d);

- 8-nodal isoparametric finite element type 5 (Figure 1 e);

- 20-nodal isoparametric finite element type 6 (Figure 1 f)

Elements of type A and B have a local coordinate system in which the axis Xi runs from the first node to the second. Yi axis lies in the plane formed by the first three nodes orthogonal Xi and directed toward the third node. Axis forms of Xi and Yi right three. For the remaining elements of the local coordinate system coincides with the general.

The configuration and dimensions of the model are related to the real deleted 1.3. tooth, which was sawed in the cervical region for the measurements. Also was used data from research of Sahakyan S.H. [13].

Fig. 2 shows fragments of model dento-maxillary segment, consisting of the aforementioned finite elements

Before you begin multivariate calculations, perform comparative calculation using the first design scheme. Fig. 3 shows the cross section for the diagonal tooth model to perform comparative evaluation of previously executed in 1981 calculation by G.P. Sosnin

The tooth and the wall of the alveoli will consider as completely solid body. We accept that periodontium is isotropic elastic material structure with all its weight and is over within the same mechanical properties.

The discrepancy between the models is that periodontal example located in a confined space without shifting due to the protrusion of the surface layers of periodontal gap and does not move from the area of compression to stretching zone that contradicts this paper designs. In the model shown in Fig. 3, these drawbacks have been eliminated. The root of the natural tooth is elliptical cone shape.
Periodontal thickness is constant on the entire surface of the root. Tooth is affected by the force of 10kg at an angle of 120 ° to the horizontal axis. The force is applied in area remote from the axis of the cone at a distance of 3,2mm. Tooth height 15 mm, cone angle of 12 °, periodontal thickness is 0,25mm in the modulus of elasticity of 1.07 kg / mm. After the calculations we obtained almost full compliance: coordinate resistance was 9.8 mm and 10.2 mm by example, and vertical displacement of the tooth was 0.0296 mm and 0.0309 mm by example. Horizontal shift tooth differed very much - 0.0289 mm and 0.0111 mm by the example.

This difference explained by the fact that the model example did not take into account the protrusion of the surface layers of periodontal periodontal gap, which in turn limited the movement of the tooth. Based on the above scheme was developed a detailed scheme based tooth tissue biomechanical properties dentition, and related components. Basic data on mechanical properties of periodontal tissue were taken from the work [2, 15].

Medium three-dimensional mathematical model of dento-maxillary segment was shown in Fig. 4. According to anatomical structure there are following six constituent elements:
1. Root and the coronal part can be made with different materials: E = 44Mpa + 2,1 • 103MPa at = 0.3 [16]. In most calculations material of the pin and crown part is the same.
2. Fixing material is connecting part between the prosthesis and the body of the tooth. Young's modulus varies in the range of 3,5-103 MPa to 13.4 103MPa. A distinctive feature is that the Poisson's ratio of zinc phosphate, polycarbonate and glass ionomer cements = 0.2, and only for polymer V = 0,3.
3. The body of the tooth (dentine) can have a very large range of elastic modulus (Young's modulus) = (1,4-19)-103MPa.
4. Periodontal ligament. E ~ 10 MPa.
5. Cortical layer of bone. E (Young's modulus) = 5*103MPa.
6. Spongy bone layer E (Young's modulus) = 2*104MPa
Fig. 5 shows the change in contour plots during normal stresses along the X axis in kN / m2, resulting in a tooth at influence on it of certain powers.
Fig. 6 shows contour plots of shear stresses with showing the table of distribution of stresses in color in kN/m2.

Note that in the actual construction periodontium- not a homogeneous body but tissue that consists of various cellular elements, fibrous fibers and blood vessels, it should be regarded as a material with almost no proportionality between stress and strain (physical nonlinearity). Most close to the actual design managed to simulate periodontal gap in a shell. Fixing material connects pin with the body of the tooth by the circuit nodes. It is small part of the total model in percentage. However, these elements of the model have to transfer the bulk of the load from the pin to the body of the tooth.

Through different biomechanical characteristics relevant environments we can more closely approach the physics of the processes occurring in the real design.

External load set in general coordinate system (global) with reference to the local [4]. To perform a calculation the system should be fixed. For this we appointed external nodes finite element model in relations to all directions. Points of fixing reflect real work of dento-maxillary segment. The load was performed through the coronal part. The magnitude of the vertical component Fz varied from 25 kg to 100 kg, horizontal Fx from 0 to 20 kg.

Conclusions

Each we calculation received normal and shear stresses on all the coordinate axes and also explored equivalent stresses by four main theories of strength.

Thus calculated three-dimensional model of the tooth allow you to calculate all possible stress and strain in any part of the tooth contact with artificial structures, display digital data, which may then analyzed using a computer program that will allow individualizing the selection of optimal parameters recovery of decayed teeth of each patient.

Prospects for further research

Based on data in a three-dimensional model of the tooth is planned to develop a computer program to design a reasonable choice of pin- stump tabs made of ashless plastic on individual determination of optimal parameters for certain patient.
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Fig. 1. The finite elements used for creating three-dimensional models of the tooth.
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Fig. 2. Fragments of the dental model segment
[image: image7.png][SEms i

Man. 3 3yBollienenin cerment
srigHo I Cockiny




Fig. 3. Dentoalveolar segment by G. P. Sosnin
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Fig. 4. The dental model segment single-rooted tooth.
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Fig. 5. Transformation of normal stresses in the tissues of the periodontium along the axis X.
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Fig. 6. Isopole shear stresses in the periodontal tissues along the axis XZ
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