
EIKONA3D  1 

 

Virtual tooth drilling module 
The virtual tooth drilling module is a simulator of the operation of the dental bur tool. 

It can be used as a tool for training students in a Department of Dentistry.  

 
Figure 1: 3D tooth. 

 

1. Opening a Tooth Volume 

A 3D virtual tooth volume is a 3D tooth shape representation as a sequence of images 

corresponding to a set of successive tooth slices, obtained either by mechanical slicing 

the tooth or by micro CT. Such a virtual tooth is shown in Figure 1. Its cross section is 

shown in Figure 2.  

 
Figure 2: Tooth cross section obtained by mechanical slicing. 

 

In order to use the Tooth Drilling simulator, we have to load a volume representing a 

tooth using the EIKONA3D kernel. The result is shown in Figure 3. 
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Figure 3: View of EIKONA3D after having opened a file. 

 

2. Loading the Tooth Drilling module and 3D Representation 

After having opened the tooth volume, we can visualize it. From the main menu of 

EIKONA3D we choose Modules>Tooth drilling. Then we choose the tooth volume to 

be visualized in 3D before starting drilling and we press the button OK (Figure 4). 

The 3D object rendering appears in a separate window (named Drill ), as can be shown 

in Figure 5. Also, a new menu, named Drill menu, appears on screen to assist the 

dentist/user in the virtual tooth drilling. 

 

Figure 4: Selecting the tooth volume for visualization. 
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Figure 5: Volumetric 3D tooth rendering before drilling. 

 
3. Working with the Drill Menu  

The Drill Menu consists of four tabs: Bur Tools, Stereo Rendering, Rotate Menu and 

Drilling Procedure. To move from one tab to another one, just click on the name of 

the tab and the menu of this tab will be displayed automatically. The functions of each 

tab are described below: 

 

3.1 Bur Tools tab menu: 

It is the most important tab of the Drill Menu. This menu can be used by the 

dentist/user to create a virtual drilling bur tool or select one from those that already 

exist. Drilling is impossible without previously having chosen a bur tool. Bur Tools 

tab menu has four subregions (Figure 6). 

 

The first one, called Create Bur Tool, has a double role. Firstly, it is used to create a 

virtual drilling bur tool and determine its shape parameters. Secondly, every time a 

selection is made from the tools that already exist, the characteristics of this tool are 

presented in this region. 
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Figure 6: The Bur Tools tab menu. 

 

The shape characteristics to be chosen define the shape of the tool, namely its radius 

and height (both measured in voxels). The radius and height can be transformed in 

length units (e.g. mm) if we assume that the voxel is cubic and know its size in mm. 

They are shown in Figure 7.  

 
Figure 7: Shape parameters of a virtual drilling bur tool (H: height, R: radius). 

 

There are three choices of the bur shape: spherical (only its radius has to be chosen), 

cylindrical or cylinder-conical. In the last two cases, both the Radius and Height must 

be defined. Furthermore, there is another edit box, named Size #, which is the size 

number of existing commercial burs that appear in commercial catalogues, e.g. in that 

of Dentsply [1]. The usage of this box is optional and has no effect to the drilling 

procedure. 

 



EIKONA3D  5 

 

The second region has three buttons named Load Burs, Create Bur and Add Bur. The 

Load Burs button is used to load the file that contains a list of tool burs selected from 

the commercial catalogue of Dentsply. The Create bur button is used to create the tool 

and activate the drilling process. The Add bur button is inactivated in the current 

version of Tooth Drilling modulator, but the intention is to be used for adding new 

created bur tools to the file that contains the existing bur tools. 

 

The third region consists of a window that shows the characteristics of the bur tools 

that have been loaded from the file that was opened by Load Burs button. The 

information’s shown are the Dental Company name, the type of shape (radius, 

cylindrical or cylindrical-conical), the Size number and the Radius. Every time the 

user selects a tool from this list with the mouse, the respective characteristics appear 

in the Create Bur Tool region. 

 

Finally, the last region is where we can see an image of the created bur tool. Initially, 

this region is blank and is activated only after the Create bur button is pressed. 

 

3.2 Stereo Rendering tab menu: 

Stereo Rendering tab menu has options about the 3D stereo visualization of the tooth 

in the Drill  window (Figure 8).  

 
Figure 8: The Stereo Rendering tab menu. 

 

In order to view the 3D stereo image, it is necessary to have a pair of 3D stereo 

glasses, either red/green or red/blue ones. The stereo image, actually, consists of two 
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same images, one with red color and the other one either with green or blue color, 

depending on what type of stereo glasses we use. These two images are projected at 

different angle creating the illusion of the 3D stereo image. 

 
The options of Stereo Rendering tab menu allow firstly the choice about the mode of 

the stereo image to be produced (if it will be red/green or red/blue) and, secondly, the 

choice of the projection angle between the two stereo images. Changing the angle 

between the two image projections may improve the visual quality of the stereo 

image. Every time the stereo rendering angle changes, we have to press the Update 

Image button to activate this change. 

 

3.3 Rotate Menu tab menu: 

Using the Rotate Menu, we can rotate the 3D tooth volume image that exists in the 

Drill  window (Figure 9), by changing the projection angle.  

 
Figure 9: The Rotate Menu tab menu. 

 

There are two editing boxes in Rotate Menu, named Horizontal and Vertical and the 

button Rotate. Changing the Horizontal angle (in degrees), the 3D tooth 

representation will be rotated horizontally. Changing the Vertical angle (in degrees), 

the 3D tooth representation will be rotated vertically. As in the Stereo Rendering tab 

menu, in to order to activate the changes in the perspective angle of the projection, the 

user has to press the Rotate button. By default, Horizontal and Vertical boxes have the 

values 30 and –30 degrees respectively, which are the values of the angles that are 

used from the Tooth Drilling module, in order to project the tooth volume. 
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4. The Drill  Window and the tooth rotation operation 

The Drill  window, is used to visualize the virtual 3D tooth volume. The tooth slice 

sequence and its virtual 3D visualization in the Drill window are shown in Figure 10.  

 

Figure 10: A tooth image sequence and its visualization in the Drill window. 

 

There are two operations that can be done in the Drill  window. First of all, it is the 

virtual tooth drilling operation that will be described in the next section and, secondly, 

it is the 3D tooth rotation using the mouse. The tooth will rotate by moving the mouse 

to the right or left, while keeping the right mouse button pressed. Then the 3D tooth 

will be visualized from a different angle. The direction of the mouse movement will 

correspond to the direction of rotation of the 3D tooth. When the tooth is brought in a 

chosen position, we can start drilling. 

 
Alternatively, the 3D rotation of the virtual tooth can be achieved from the Rotate 

Menu tab of the Drill Menu, according to the following steps (Figure 11): 

 

1. Enter a value for the Horizontal rotation angle in degrees (e.g. 220) 

2. Enter a value for the Vertical rotation angle in degrees (e.g. 235) 

3. Press the Rotate button. 
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Figure 11: Three steps for the rotation operation. 

 

 

The Drill  window before and after the 3D tooth rotation operation is shown in Figure 

12. 

(a) (b) 

Figure 12 (a) Tooth before rotation, (b) Tooth after rotation. 

 

5. Drilling Bur tool selection and its use in drilling  

To start drilling, we have to choose first a bur tool. There are two possibilities: either 

a) to create a virtual bur tool and determine its parameters or b) to load one 

corresponding to a commercial bur from a bur parameter file. If we follow the first 

way, we have to do the steps described below (Figure 13): 
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Figure 13: Creating a cylindrical-conical bur tool. 

 

1. Choose the type of tool you want to use among a Cylindrical - Conical, Spherical 

or Cylindrical tool (for example Cylindrical - Conical). 

2. Enter a value for the Radius parameter of the tool (for example 18 voxels), 

3. Enter a value for the Height parameter of the tool (for example 12 voxels), 

4. Press the Create Bur button  

5. The created tool is displayed in the left side of the Drill Menu. 

 

The visualization of the drilling tool will give the user an idea about the effect of the 

drilling tool on the virtual 3D tooth to be drilled. 

 
For a spherical tool type the only parameter that must be determined is the radius. For 

the cylindrical and cylindrical–conical type, we have to define both the Radius and 

Height parameter. If, for any reason, we give a zero value to either Radius or Height 

parameter, the program will complain. 

 

If we follow the second way, the appropriate steps to create a virtual bur tool are 

shown in Figure 14. 

a) Press the Load Burs button 
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Figure 14: Opening the bur.txt  file. 

 

b) Find and select the file bur.txt . This file has a variety of parameters for virtual 

bur tools that correspond to the ones existing in the catalogue of Dentsply. The use of 

any other file is incorrect and an attempt to load another file than bur.txt  will 

result in a message error. You will find the file bur.txt  in the directory of 

EIKONA3D. 

c) Select the appropriate tool from the displayed tool list. The parameters of the bur 

will appear automatically at the Create Bur Tool region. As you can see, the height 

parameter is not determined. Also, the radius parameter in the file is in mm, where at 

the Create Bur Tool, has been converted in pixels multiplying the value in mm by 10. 

So, enter a value for the Height parameter having in mind this conversion. 

d) Press the Create Bur button. In the left side of Drill  menu the created tool will be 

displayed. 

 

The software keeps in memory one selected set of geometrical parameters for each 

geometrical bur shape. Each time the respective tool is recalled, the geometrical 

parameters appear in their corresponding slots. The user must press the OK button in 

order to display the selected tool and to confirm the chosen parameters. The currently 

used tool is the one displayed in the left part of the window. 
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Now that the bur tool has been created, we are ready to proceed with virtual tooth 

drilling. We apply drilling in the 3D tooth volume that is displayed in the Drill  

window. The effects of the drilling can be seen both in the Drill  window and in the 

window containing the slice sequence of the tooth (Figure 15).  

 

Figure 15: Display of a drilled tooth. 

 

The drilling process is quite simple. The user/dentist applies the bur tool to the 

appropriate surface point of the virtual 3D tooth by clicking on it with the left button 

of the mouse. Each time the user presses the left mouse button, a hole having same 

shape to that of the bur tool is created in the tooth volume. For continued drilling, the 

user must press the left mouse button repeatedly. Furthermore, by keeping the left 

mouse button pressed and moving the mouse at the same time, the mouse will drill 

along its motion trajectory. Whenever the user desires, he/she can rotate the object 

and visualize the drilling results from a desired angle, as described in the previous 

section. The drilling results can be seen in Figure 15. 

 

If the bur tool accidentally reaches the root canal, a red square appears in the Drill  

window at the surface point where the root canal is reached. Also, a warning message 

“You reached the root canal. If you wish Undo” is shown at the lower left side of 

Drill Menu, as can be seen in Figure 16.  
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Figure 16: Reaching the root canal. 

 

6. 3D stereo tooth display 

If 3D stereo glasses are available, then we can view the 3D stereo tooth image. In 

order to produce and view the stereo image, we can go to the Stereo Rendering tab 

menu and follow the steps below (Figure 17): 

 
Figure 17: Producing a stereo image. 

 

1. Select the preferable type of stereo image to be produced (red/green or red/blue). 
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2. The stereo image will be displayed in new window named Stereo Display. 

3. The quality of stereo image can be improved by changing the stereo rendering  

angle by pressing the  and  buttons. 

4. Having selected the proper stereo angle, press the Update Image button and the 

new stereo image will be seen in the Stereo Display window. 

 

Stereo image is not updated immediately. So, every time we make changes to Drill 

window we have to produce a new stereo image. The stereo image cannot be saved. 

 

7. Drilling Procedure tab menu 

As we can see in Figure 18 the Drilling Procedure tab menu consists of two regions: 

the Job Menu and the Undo Menu region.  

 
Figure 18: The Drilling Procedure tab menu. 

 

The drilling steps in each virtual tooth drilling form a drilling job. The Job Menu 

region is responsible for saving a tooth drilling job or loading a saved job. It has three 

buttons, named Access Job - Save Job and Run Job, simulating the actions mentioned 

above. The Save Job button saves the present job as it is. The save operation saves the 

required parameters of the drilling job in a text file. This file must be opened using the 

Access Job button, in order to load a saved drilling job. To run a past drilling job, we 

have to load it first using the Access Job button. Furthermore, to run the drilling job, 

the initial tooth volume must be already opened and visualized in the Drill  window. 

 
The second region, namely the Undo Menu, is responsible for the undo action, i.e. for 

undoing a wrongly executed drilling job. It has two buttons, the Undo and the Undo 
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All button. When, for any reason, it is desired to undo only the last drilling step, the 

user can press the Undo button. Otherwise, if the user wants to delete the whole 

drilling job, as it has been carried out so far, then he has to press the Undo All button. 

The undo operations have effect only in the present tooth volume and the results  

appear immediately in the tooth display in the Drill  window. 

 

If, for any reason, you wish to undo the last drilling action or the whole drilling 

process then you have to move to the Drilling Procedure tab menu and press the 

Undo or Undo All button. The effect of undo action will appear immediately in the  

Drill window, as can be seen in Figures 19 and 20. 

 
Figure 19: Snapshot before the undo action. 

 

 
Figure 20: Snapshot after having pressed twice the Undo button. 
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8. Saving the drilled tooth volume 

Having completed the drilling job, the user may want to save not only the job (from 

Drilling Procedure tab menu), but the entire drilled tooth volume as well by following 

the steps: 

1. From EIKONA3D menu, choose Modules>Create\Open\Save Volume>Save a 

Tooth Volume. 

2. Select the volume you want to save and press the OK button. 
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