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Abstract: A lot of efforts have been made with a goal to improve manufacturing technologies for the production of dental components used to replace a missing biological structures. Due to complex geometry and demands for high mechanical properties, accuracy and reliability in use, dental restorations are manufactured by modern technologies. There are several ways for data acquisition in generating virtual models in medicine. Most common are CT – Computed Tomography and MRI - magnetic resonance imaging. Some other imaging modalities which can be used for data acquisition are MDCT (Multidetector Computed Tomography) CBCT (Cone Beam Computed Tomography) PET (Positron Emission Tomography) SPECT (Single Photon Emission Computed Tomography) and US (Ultrasonography). Every method has its advantages and  limitations. The aim of the study is to acquire dental virtual models using Carl Zeiss coordinate measuring machine (CMM) and industrial CT. CMM is an instrument used for dimensional measurements such as length and angle properties. It is a mechanical device which uses various kinds of probes for acquiring surface points that are subsequently transferred to a virtual model. Industrial CT, however, uses a different principle. It is a CT x-ray scanning measuring machine, with the ability for quick, complete and contact less measurement of scanned object in 3 dimensions.  
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1.INTRODUCTION

The application of computers and computer-guided systems in dentistry, represents   a contemporary method of combining   modern technologies with conventional dental procedures, with purpose of reducing human influence on the process of manufacture and raising the quality of dental restorations. Conventional dentistry  still relies on experienced technicians. Implementation of these technologies tend to standardize and simplify the production process of dental restorations [1].

Progress of reverse engineering, which includes 3D scanning techniques, had high impact on manufacturing procedures in various fields of production, but is still  finding its use in dentistry. Pioneering work of Duret and Moermann in 1971 [2] has changed the perspective about the future of dental technologies. Since then, forty years have passed and yet CAD/CAM  systems  have not been introduced as a standard in dental restoration manufacturing. According to the Miazaki [2]the slow progress is a result of high prices of current systems,  lack of efficiency of current scanners (the problem of determining the boundaries of the marginal edge), software incompatibility and insufficient tools for processing  of dental ceramics.

There are numerous advantages of CAD/ CAM systems. Interactive virtual models of  soft and hard tissues of the patient can provide an additional support in diagnosis, treatment planning and can improve the rate of success  of  dental procedures [3]. Using CAD/ CAM technologies together with modern dental materials, can supstantialy increase esthetics and mechanical properties of dental restorations,  reduce manufacturing time and  improve quality control. An important factor of the success of fixed partial dentures, is a proper fitting of the crown on the abutment, especially in the area of the marginal edge. Using conventional production methods, cement spacing  is obtained with linear spacer or with plastic foil. With CAD/CAM systems cement space can be accurattely determinent by manipulation of virtual model, or directly by machine milling [4]. Based on evidental experience, Wilson said that the optimum thickness of the resin composite cement should be 30 µm and for zinc phosphate cement 40 µm. The thickness of cement should be as uniform as possible [5].  Provision of adequate occlusal contacts between antagonist teeth is necessary. ​​Occlusal surfaces must meet the strict criteria for the accuracy of dental restorations, because most  patients can sensate even slight irregularities in occlusal contact, up to 20 µm [6]. 

Replacement of plaster  orthodontic models with digital ones, will allow easier manipulation of models, rapid transport (transport is done electronically), precise measurements and economize the use of  materials and storage space. In hospitals with large number of patients, it takes 17 m3 of storage space for a 1000 plaster models [7].    

2. MATERIAL AND METHODS

Master model was made using an impression from a patient, to whom a right maxillary incisor was prepared for a crown restoration. Gypsum model was cast in type IV dental stone. After the setting of the material, model was scanned using Carl Zeiss  CMM Contura G2 (picture 2,3). 

2.1 Coordinate measuring machine- CMM

In the paper presented we demonstrated the use of coordinate measuring machine and industrial CT for acquisition of virtual models, as the first step in a series of technological stages for making dental restorations. 

Coordinate measuring machine (CMM) is a complex metrology instrument that is used for measuring lengths and angles of selected objects (picture 1). It consists of four parts: construction  of the machine, measuring sensors, computers and software. The construction of the machine is built on the base of Dekart’s three-dimensional system. It consists of three axes X, Y and Z that are mutually perpendicular. The measurement can be made by contact and contactless, automatic or manual. In the case of contact measurements, the contact with the object of measurement is achieved by spherical probe,which touches the measured object, thus registering a point cloud  that can be  furtherly  reconstructed to a virtual model.
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Before the measurement starts, the operator must determine the coordinate system of the selected object(for more complex objects several independent systems) and make stylus qualification. Spatial orientation of the object will be compared to the machine coordinate system, which represents a reference value for spatial allocation.

In this way, the spatial orientation of the measuring point is determined by three vectors, whose starting points are the centers of coordinate   systems of the machine, measured object and measuring probe [8].

Most frequent measuring error appears because of  the ,,pretravel,,. Pretravel is a time    needed for the machine to detect  that the contact between the probe and object occurred, which results in small oversight [9]. Influence of pretravel is decreased with the use of piezoelectric probes. 

Measuring probe can be changed according to the requirements of the measurement. Because  the scan is done by contact with the object, tip of the probe simultaneously performs mechanical filtration [8]. This means that the small defects will not  be fully displayed, because the size of a probe, and a sharp concave edges will be slightly rounded. 

The greatest advantage of tactile scanners is their accuracy and reproducibility. Precision  depends on  the structure of the material and roughness of surface, which simultaneously increase measuring error. As a result of contact, Hertzian stress occurs. It is an elastic deformation that happens by a contact of two objects, and contributes to overall error[8]. Hertzian stress depends on the material structure  and force of the contacting objects. The size of the probe makes it difficult to access the undercuts and micro defects , scanning takes a lot of time and requires a trained personnel, probe and the scanned object progressively wear out. The listed factors together affect the accuracy of the scan. 

Coordinate measuring machines require special working conditions. Room temperature must be 20 ⁰ C. This is important because of the thermal expansion of the machine components as well as the measured object. Measurement process can be also disrupted by the presence of micro vibrations. The surface must be clean, because smeared surface can  contribute to  error in systems with this type of accuracy. 
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The second model was obtained by scanning the acrylic molar with Carl Zeiss CT, Metrotom.  The data was processed and virtual models were made.

2.2 Industrial computed tomography -CT

Computed tomography is a transmissible contact free method of 3D digitization. (picture 4). The term tomography comes from the word tomogram, which represents a 2D section picture of the scanned object. The working principle of CT is based on the acquisition of a large number of 2D sectional images using penetrating X-rays  on the scanned object [10]. As opposed to medical CT, where the tube rotates around the patient, with his type of industrial CT imaging is carried out by the rotation of the X ray tube and the sensor,  around the stationary object. This technique requires less time, because  the scanning is done in one rotation and not by multiple slices. Exposure time in industrial CT is extended, which results in increased resolution but also requires additional measures for protection against the radiation [11]. The principle of computerized tomography is used in contemporary medical diagnostics  methods such as positron emission tomography (PET), single photon emission computed tomography (SPECT), and magnetic resonance tomography (MRT), [12].

Computerized tomography enables detailed detection of density of the the scanned object. Image contrast is due to different absorption of radiation, which will be shown as a various shades of gray of the inspected object. The absorption  of  low energy spectrum X- rays will be greater than those of higher energy (beam hardening effect). If software compensation is not made, there is a possibility that the error will occur [12]. The absorption of X-rays will also be increased depending on the density and position of the scanned object [11]. Other factors that affect image quality are the distance between the  X ray source, object and detector, and the size of the object. After generating a sectional CT images, software processing is carried out in order to reconstruct the inspected object. The biggest advantage of the CT is that it allows non-contact non-destructive imaging of the materials interior and exterior [10]. 
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3. RESULTS

Two virtual dental models were made. First model was mechanically scanned and processed using a Calypso software, with 10.500 surface points with associated volumetric probing tolerance of 1µm. (picture 5), [13].  
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The second one was obtained by scanning acrylic molar with  industrial  scanner Metrotom. Errors between scans were less than 30 µm. (picture 6,7).

[image: image7.jpg]


[image: image8.jpg]




[image: image9.png]



4. DISCUSSION

The problem of  acquiring dental virtual models exists since the early stages off  CAD/CAM development. Coordinate measuring machine has proven to be a reliable instrument for computer-guided inspection. It’s mean  advantage is accuracy and reproducibility which ensures  high-precision of scanning. It is a tactile scanner that collects information about the spatial position by contact between two objects, the probe and the measured object. The disadvantages of this method of inspection are shown through limited micro defect measurements, the inability to accurately scan  elastic and plastic materials, probe and the scanned object progressively wear out, it  requires trained personnel, special working conditions and long time for completion of scanning process.

Using a conventional production technologies of dental restoration, large number of dental materials are included in the process, which can have a significant influence on dental restoration inaccuracy. Properties of dental impression materials, dimensional stability, numeral stages of technological processing, time before the impression is cast, the expansion of gypsum models, dimensional stability of wax patterns, are just some of the factors that can negatively influence the accuracy of model and future dental restoration. Utilization of the modern technologies that include scanning the model in the mouth of the patient and the development of virtual models, exclude  possibilities of negative impact of the previously mentioned factors on the accuracy of dental restorations manufacturing. Precisely made ​​model is a starting point for many scientific studies [14].

Unlike coordinate measuring machine that provides information about the scanned surface of the model, industrial CT enables detection  of the internal structure of the inspected model. Using this method, future virtual models can be used for finite element analysis research ( FEA). Dental crown has complex structure. It is made of several layers,enamel that covers the crown,   then a layer of dentin, and in the middle is the pulp chamber with connective tissue, blood and nerve elements. Different biological tissues have different mechanical properties. Data acquisition made by scanning the surface of the object,  with scanner such as the Contura G2, doesn’t provide information of the internal structure, and this method is unsuitable for a scan of models used for FEA analysis, whereas industrial CT has proven to be an adequate method for this type of research.    

Industrial CT has less digitization points compared to the other systems, which results in better mesh acquisition, because high number of digitization points generally means a poorer mesh distribution and contributes to rough surface appearance of virtual model [11]. The precision of the scan  also depends on the material composition and position of the scanned object. In previous studies the use of CT has been  [15, 16, 17, 18]  focused on the evaluation of porosity and internal content of inspected object.  .  Due to the large emission of X ray during the scanning process, the staff requires special measures of protection.

The use of tactile methods for obtaining virtual models plays an important role in modern computer-guided systems. Improvement of non-contact methods, new materials and advance in rapid prototyping technology will certainly have a significant impact on improving the quality of dental treatment in the future.

5. CONCLUSION      

This paper shows the application of modern technologies for generating virtual models in dentistry. Special attention has been given to the  implementation of CMM and CT, which are verified through two case studies. The first case study  presented application of CMM for scanning  the maxillary incisor. The second case study illustrated application  of industrial CT method using an acrylate molar.

 Results confirm the use of coordinate measuring machines and industrial CT as an adequate method for obtaining  virtual models of dental restorations.

Further research  will focus on the analysis of the accuracy of virtual models and     possibilities of their improvement. Also, additional attention will be focused on the application of  CT to analyze the structure of the material, especially porosity. 
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Сажетак: Технолogija израде зубних надокнада су последњих годинa знатно унпређени. Зубне надокнаде се све чешће производе модерним технологијама због њиховог сложеног геометријског облика, високих захтева у вези са механичким особинама и  због потребе за прецизношћу као и поузданошћу. Полазна фаза при изради зубних наокнада је добијање радног модела. Постоје неколико начина за добијање података код израде виртуелних модела у медицини.Најчешћи су CT-компјутеризована томографија и MRI- магнетна резонантна томографија. За аквизицију података користе се и друге методе као што су MDCT(Мултидетектор компјутеризована томографија) CBCT ( ,,Cone beam,, компјутеризована томографија) PET (Позитрон емисиона томографија) SPECT (Једнофотонска емисиона компјутерска томографија) и US (Ултрасонографија). Сваки метод има своје предности и ограничења.

Подаци за израду виртуелног модела могу се добити и помоћу координатне мерне машине и индустријског  CT-a. Координатна мерна машина је систем за мерење дужина и углова објеката мерења. То је мехатронички систем са пипком сферичног врха, помоћу кога се добија облак тачака који се даљом обрадом дигитализује у виртуелни модел. Индустријски CT користи другачији принцип. То је мерна машина која врши скенирање Х зрацима. Она пружа могућност детаљног и безконтактног мерења скенираног објекта у три димензије. Циљ овог истраживања је добијање података за прављење виртуелних модела коришћењем Координатне мерне машине и индустријског  CT-a. 

Кључне речи: фиксне зубне надокнаде, дигитализација, CMM, CT

Picture 5. Virtual model of maxillary incisor





Picture 6.Virtual model of acrylic molar before and after  software processing 





Picture 7. Display of the porosity 
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Picture 4. Carl Zeiss Metrotom





Picture 1. Coordinate measuring machine





Picture 2,3. Gypsum model scanned by CMM








