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Abstraet. Films used in Rontgen aperture by conventional radiography process yielding a
fluorescent-based digital radiography have been conducted in medical-physics laboratory,
Unnes for several applications. The continued research was improving the 2D radiograph
imaging to be 3D, i.e. the object was rotated and X-Ray radiated simultaneously that yielded a
2D radiograph data by reconstruction and rendering. These covered a development of
simulation object, an algorithmic modeling of scanning simulation and FDK (Feldkamp, Davis,
Kress), and finally utilizing the algorithms resulting in 3D radiograph. In the future, this cheap
technology would be a benefit in dentistry, because this technology is not popular nowadays,
an implication of the expensive cost. The development process covered; software developing
stage of CBCT (cone beam computed tomography) system in Phantom, data analysis, and
finally reaching the resultt CBCT model in laboratory scale. Prototype development of CBCT
system can be done through study of the system in laboratory scale and then integrating the
CBCT system for validated system in laboratory scale. According to the background above, we
need mnovation in CBCT system supporting the development of CBCT system aperture that
leads to ease the dental implant installation in dentistry. At this level, CBCT prototype was
used in early validation of the concept of CBCT technology in limit quantity and laboratory
scale.

1. Introduction

Radiological examination is one of the examinations needed to determine the treatment plan and even
the successful installation of dental implants [1]. 3-dimension cone beam computed tomography (3D
CBCT) is a high resolution radiography tool to meet the information needs in the installation of dental
implants [2]. The tool produces 3D image that includes axial, coronal, and sagittal fields and can
measure bone density. The results were density charts with maximum and minimum values, as well as
differences in color mapping to give the value of the jawbone density of each voxel, completed by
some visualization to measure bone quality [3].

The application of 3D CBCT tools in dentistry can be used during implant placement,
examination of facial oromaxilary abnormalities and temporomandibular joints, orthogenetic surgery,
impacted dental cases, bone abnormalities, trauma to the upper and lower jaw, and evaluation of sinus
disease [4-5]. One factor that plays an important role in the installation of dental implants is the
accuracy of the calculation of the quality and quantity of the jawbone to determine whether the patient
is an indication or contra indication, treatment plan, and evaluation of the success of dental implant
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installation. Unfortunately, the use of X-ray equipment including 3D CBCT by dentists and dentist
specialists is still low. Failures and complications of implantation are also still common. In developed
countries the failure rate has been reported to reach 20%. One of the implant failures and
complications can be caused by improper placement of the implant and biological factors [6].
Biological factors, namely poor bone quality, insufficient bone volume, planning errors in implant
placement, and errors in assessing bone anatomy, which results in obstruction of osseointegration.
Fatal complications, namely the occurrence of bleeding caused by perforation of solid bone that
usually occurs in the lingual area of the mandible.

The failure of dental implants not only causes financial loss, but also affects the condition of the
jawbone of the patient which can even have a psychological impact on the patient. Placement of the
implant into the jaw carries a high risk; if the planning is incorrect and inaccurate it will cause damage
to anatomical structures such as the mandibular canal and maxillary sinus. Risks that can cause the
failure of dental implant treatment must be anticipated by carrying out an appropriate and accurate
treatment plan. To support the right treatment plan, information of some interpretation from high-
resolution digital technologies such as 3D CBCT is needed. Implant practitioners can examine from
various aspects accurately and more clearly in just one shot, through 3D CBCT [7-9].

This research was carried out the development of innovative CBCT system based on intensifying
screen. The benefits of these innovations can be used as national products that will be able to compete
with foreign products to reduce import dependency and improve public health services.

2. Methods

The reasearch was started by system design. The system included building the object simulation,
modeling the scanning simulation algorithms and FDK (Feldkamp, Davis, Kress) algorithms [10-11].
Then continued by system implementation. Here, the systems were implemented in software resulting
some data collection. These were carried out by lab technicians and medical physicists by preparing
phantom and operating the radiograph intake by phantom rotation 1-360°. Then, the reconstruction
algorithms were tested by projection data. Finally, this works resulted a prototype. The process of
making 3D CBCT techniques is in accordance with the flow diagram in Figure 1.
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Figure 1. Flow diagram of the 3D CBCT system development

3. Result and Discussion

3.1. Delay Set of Image Capture Unit Optimization

The tool to trigger the camera and delay the Radig consists of an Arduino, two 330 ohm resistors, a
push button (NO) with a 5 V source. The trigger was connected to the analog pin A2 and Arduino
output on the digital pin 5. The trigger directly triggered the camera (D1) and Radig (D2) with a delay
of 1 second on Radig before activating. The connection diagram of the camera trigger and Radig was
shown in Figure 2.
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Figure 2. Connection diagram of the camera trigger and Radig

const int buttonPin = A2; buttonState = digitalRead(buttonPin);
const int ledPinA = 5;
int buttonState = 0; if (buttonState == HIGH) {
delay (1000);
void setup() { digitalWrite(ledPinA, HIGH);
pinMode(ledPinA, OUTPUT); }else {
pinMode(buttonPin, INPUT); digitalWrite(ledPinA, LOW);
digital Write(buttonPin, LOW); }
} delay (50);
void loop() { +

Figure 3. Sketch of the camera trigger and Radig

Sketch was set to give a delay of | second on digital output 5 connected to Radig, as shown in
Figure 3. Before the delay circuit was built, the circuit has been simulated by using a proteus lunat
device. The circuit was connected to a virtual oscilloscope to observe the pulse when the camera was
given a trigger so that it produced a delay to give a trigger to the Radig unit. Virtual oscilloscope was
set 2 volts/div and 0.5 s/div. Voltage and delay can be obtained by calculating the div on the
oscilloscope screen. The channel voltages A and B were, 2.5 div = 2 volt/div =5 V and the period was
2 div % 0.5 s/div = 1 s. The pulse delay results were displayed on the virtual oscilloscope.

3.2. System Design and Implementation

This section explained the application of system design, methods, operations, and algorithms used in
developing CBCT systems [12]. The system designed aimed to examine the potential of the CBCT
system in producing cross-sectional images of an object. This system was started by a general
explanation of the system designed, which was in the form of a block diagram of the whole system,
then proceed with a discussion of system implementation that contains an explanation of the system
specifications and methods, as well as, the algorithms that was used to implement each part of the
system. In the data processing section, an explanation of the flow chart was given, as well as what
MATLAB M-files were used, both those already provided by MATLAB and those that were self-built.

3.3. System Planning
The designed system aims were to apply the CBCT system in producing 3D images. The system input
was an X-ray image exposing the object, and the output was a 3D radiograph of the object. 3D
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radiograph images not only providing information on the surface of the object (external), but also
provide information on the inside (internal) of the object. If this radiograph image was splitted, a
cross-section of the object would be obtained. The system specifications consisted of X-ray source,
intensifying screen as an X-ray sensor, turntable object, experimental object, and computers for data
processing (with hardware: Dual Core Intel Core i5 Processor, 4G RAM, 64 GB Hard Disk and
software: Microsoft Windows 7, MATLAB 2014).

X-ray image

2D tomogram

|

I - N -

e e
|

|

Figure 4. Simulated CT system built in this study.

3.4. X-ray Source

The source of X-rays used in this study was the X-ray generator in the medical-physics laboratory,
Unnes. This X-ray source can be used for the purposes of leaming diagnostic radiography and non-
destructive testing. In this study the object used was the skull phantom object, so the X-ray dose used
was not a problem. The specifications of the X-ray source used in the experiment were 70 kV X-ray
source tube, 5 mA tube current, and 1.6 s exposure time. Since the required X-ray beam was a cone
beam, the collimator was opened wide in this experiment.

3.5. X-ray detector

In this experiment as an X-ray detector was a fluorescent screen (Intensifying Screen) that changed the
X-ray into visible light, the role of film was no longer needed [13]. Intensifying screen was rectangular
in shape with a size of approximately 40 x 30 cm?.

3.6. Turntable Object

A turntable object was a device designed to take X-ray attenuation data through an object [14]. There
were several data collection methods, depended on the type of tomography used. In this study, cone
tomography transmission was used. The transmission technique was used because computationally the
results of shooting images on the phosphorescent layer by a DSLR camera were easier to proceed.
Generally, tomography used X-ray. The parameter used in this CBCT was the X-ray attenuation
parameter. Cone tomography provided advantages such as speed of data retrieval, reduction of
radiation time, without collimator adjustment [15].

3.7. Reconstruction Results

Data was collected by photographing the phantom skull (Figure 5(a)) 257 times to obtain a
radiographic projection image from an angle of 0-36(°. Radiographic data that has been obtained from
the capture of digital radiographic image was then processed into the reconstruction phase, Figure 5(b)
The reconstruction process was carried out to get an inner cut called a slice.
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(a) (b)

Figure 5. (a) Phantom skull and (b)examples of radiographs from various shooting angles
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Figure 6. One reconstruction image, the result of reconstruction of a radiograph projection head
image

The reconstruction process was carried out by applying the FDK algorithms with ram-litter filter so
that the reconstructed image was obtained as shown in Figure 6. The results of the reconstruction are
carried out by segmentation process to eliminate unneeded parts. The reconstruction image from the
radiograph was converted into a 16-bit image and then saved in a dicom format, Figure 7. The
computerized image was then imported into a special CBCT viewer so that it can display per-slice
images including 3D images rendered from reconstruction images. The 3D image was shown in Figure

7.
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Figure 7. Reconstruction image after conversion to 16-bit data in dicom format

(a) (b)

Figure 8. (a) 2D and 3D reconstruction results from several sides, (b) the results of full screen 3D
reconstruction

Figure 8 showed that the results of the basic research were close to the original phantom. The results
of this basic research would be developed by increasing the resolution so that 3D images that can be
measured precisely in the best spatial resolution range.

4. Conclusion
The CBCT development system test including a detector system was able to provide high resolution
results yielding reconstruction results without shape degradation, which was influenced by the optimal
order delay, as well as, by image filter during the projected image reconstruction process. The results
of reconstruction with the FDK algorithm and ram-litter filter showed 3D results that were close to the
original object.
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