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 Research has been conducted on the effect of variations in X-ray tube voltage to 
value of Contrast to Noise Ratio (CNR) on CT Scan at Bali Mandara Hospital 
using a phantom as a patient replacement. This research aims to determine the 
effect of X-ray tube voltage to the CNR value. Exposure factors used are X-ray 
tube voltage with variations of 80, 110, 120 and 135 kV, constant X-ray tube 
current of 150 mA and constant exposure time of 1 s. The readings of Io, Ib, and 
b values in phantom images were performed using RadiAnt DICOM Viewer 
software (64 bit) and analysis of the effect X-ray tube voltage on CNR values 
was determined by regression test. The results of the analysis show that the 
variation of the X-ray tube voltage has a significant effect on the CNR value, 
where the greater X-ray tube voltage, the greater the CNR value. When the X-ray 
tube voltage is adjusted to 135 kV, the optimal CNR values are 113.52 for air, 
35.06 for derlin, 13.93 for acrylic, 10.44 for nylon and 12.19 for polypropylene. 
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1   Introduction 
 

Along with technological developments, radiation is widely used in the medical sector, one of which is 
radiological examination. Radiology is an examination using ionizing radiation sources to diagnose a disease 
in the body that is displayed in the form of digital images (Carrol, 2000). One of the imaging modalities in 
radiology is Computed Tomography (CT) Scan which utilizes tomography and computerized techniques to 
produce cross-sectional images of the body (Irnawati, 2018). 

In a CT scan, the X-ray tube rotates around the patient from an angle of 1o to 360o so that the organ being 
examined will be exposed to radiation from all angles. This causes the distribution of radiation doses on CT 
scans to be very large (Schauer & Linton, 2009). The dose on the CT scan will affect the quality of the resulting 
image. One method to simplify image quality analysis can be done by calculating the Contrast to Noise Ratio 
(CNR) value (Varghese et al., 2000; Netzelmann & Müller, 2020). CNR is the ratio between the intensity of the 
object and the noise around the background. The greater the CNR value, the clearer difference between the 
object and the noise around the background (Bontrager, 2014). An image with a high CNR value will be easier 
to use for diagnosis than an image with a low CNR value (Kofler et al., 2015). Therefore, it is very important to 
notice the CNR value so that the resulting image is good quality. To produce an optimal CNR value, it is 
necessary to pay attention to the exposure factor used during the CT Scan examination. Setting the right 
exposure factor will produce an image that can show a clear difference in the degree of blackness between 
organs (Sparzinanda et al., 2017). 

The exposure factor consists of tube voltage (kV), tube current (mA), and exposure time (s). Changes in X-
ray tube current and exposure time will affect the quantity of X-rays produced. Meanwhile, the change in the 
voltage of the X-ray tube is related to the intensity of the X-ray which shows the amount of X-ray energy. The 
greater the voltage of the X-ray tube, the greater energy of the X-rays produced (Huda & Abrahams, 2015; 
Ratini et al., 2020). The increase in energy causes the X-ray penetrating power to be greater, there by reducing 
noise in the image. This shows that changes in X-ray tube voltage affect image formation (Bourne, 2009; 

Bushberg et al., 2013). 
Based on the above background, it is seen that it is necessary to choose the right X-ray tube voltage in the 

CT Scan examination in order to obtain an optimal CNR value. Therefore, in this research an analysis of the 
effect of variations in X-ray tube voltage on the CNR value on CT Scan. 

 
 

2   Materials and Methods 
 

Research on the effect of variations in X-ray tube voltage on CNR values on CT Scan was conducted at the Bali 
Mandara Hospital. The tools used are CT Scan brand Canon Aquilion TSX 201A type and Phantom brand 
Toshiba PX78-01377. In Phantom, there are six materials that have similarities with the density of organs, 
namely air as a substitute for a vacuum in the body, derlin as a substitute for bone, acrylic as a substitute for 
cartilage, nylon as a substitute for soft tissue, polypropylene as a substitute for fat and water as the main fluid 
in the body (Hutami et al., 2021). 

Before taking data, the necessary tools were prepared and warm up was performed on a CT scan. The 
phantom is installed on the head holder of the examination table and arranged so that the phantom position is 
in the middle of the CT Scan gantry (Satwika et al., 2021; Utami et al., 2022). Registration is carried out and 
the type of examination is set for the adult head protocol. The exposure factor was adjusted, the X-ray tube 
voltage with variations of 80, 110, 120 and 135 kV, constant X-ray tube current of 150 mA and constant 
exposure time of 1 s. Then the exposure is carried out so that a phantom image with DICOM format is obtained 
which can be seen on the CT Scan control console (Afifi et al., 2020; Yin et al., 2015). The image is inputted into 
the RadiAnt DICOM Viewer software and a Region of Interest (ROI) is performed which is marked with a circle 
of 4,575 cm2 on each phantom material. Next, read the values of Io, Ib, and b on the five image slices for each 
variation of the X-ray tube voltage as shown in Figure 1. 
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Figure 1. The process of reading the values of Io, Ib, dan b. 

 
After obtaining the values of Io, Ib, and b for each phantom material, the CNR value was calculated using 
Equation 1. Then a regression test was performed using Microsoft Excel to determine the correlation between 
X-ray tube voltage and CNR value (Kofler et al., 2015). 

 

𝐶𝑁𝑅 =
𝐼𝑜−𝐼𝑏

𝜎𝑏
                (1) 

 
Where Io is object intensity (HU), Ib is background intensity (HU) and b is background standard deviation 
(HU). 

 
 

3   Results and Discussions 
 

The results of calculating the CNR value using equation 1 on air, derlin, acrylic, nylon and polypropylene 
materials are shown in Tables 1 to 5.  
 

Table 1 
CNR value in air material 

 

X-ray tube voltage IO (HU) Ib (HU) b (HU) CNR 

80 -1012,77 2,667 12,41 81,82 
100 -1003,87 2,452 10,80 93,18 
120 -1004,73 4,667 9,53 105,92 
135 -1004,44 3,557 8,88 113,52 

 
Table 2 

CNR value on derlin material 
 

X-ray tube voltage IO (HU) Ib (HU) b (HU) CNR 

80 337,07 2,667 12,41 26,95 
100 324,48 2,452 10,80 29,82 
120 323,25 4,667 9,53 33,43 
135 314,91 3,557 8,88 35,06 
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Table 3 

CNR value on acrylic material 
 

X-ray tube voltage IO (HU) Ib (HU) b (HU) CNR 

80 105,82 2,667 12,41 8,31 
100 117,09 2,452 10,80 10,61 
120 124,59 4,667 9,53 12,58 
135 127,29 3,557 8,88 13,93 

 
Table 4 

CNR value on nylon material 
 

X-ray tube voltage IO (HU) Ib (HU) b (HU) CNR 

80 69,14 2,667 12,41 5,36 
100 83,29 2,452 10,80 7,49 
120 92,25 4,667 9,53 9,19 
135 96,31 3,557 8,88 10,44 

 
Table 5 

CNR value of polypropylene material 
 

X-ray tube voltage IO (HU) Ib (HU) b (HU) CNR 

80 -140,13 2,667 12,41 11,51 
100 -122,30 2,452 10,80 11,55 
120 -110,67 4,667 9,53 12,10 
135 -104,67 3,557 8,88 12,19 

 
Furthermore, from Tables 1 to 5, can be made a graph correlation of the X-ray tube voltage against the CNR 
value shown in Figure 2 and the regression equation and coefficient of determination are presented in Table 
6.  
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Figure 2. Graph correlation of X-ray tube voltage against CNR value 

 
Table 6 

Regression equation (y) and coefficient of determination (R2) 
 

 Air Derlin Acrylic Nylon Polypropylene 
y 0,584x+35,09 0,152x+14,82 0,102x+0,26 0,092x+1,86 0,015x+10,31 

R2 0,9986 0,9937 0,9972 0,9963 0,8849 
 
In Figure 2, the lowest CNR value in air is 81.82 and the highest is 113.52, in derlin the lowest CNR value is 
26.95 and the highest is 35.06, in acrylic the lowest CNR value is 8.31 and the highest is 13.93, in nylon the 
lowest CNR value was 5.36 and the highest was 10.44, and in polypropylene the lowest CNR value was 11.52 
and the highest was 12.19. Based on these results, it can be seen that the increase in the X-ray tube voltage 
causes an increase in the CNR value for each phantom material. 

From the results of the linear regression test shown in Table 6, the R2 value of 0.8849-0.9986 means that 
the X-ray tube voltage has an effect of 88.49%-99.86% on the CNR value. This shows that the X-ray tube 
voltage has a significant effect on the CNR value. The increase in the voltage of the X-ray tube causes the 
wavelength of the X-rays to be shorter so that the intensity is greater (Liang et al., 2010; Liu et al., 2014). In 
addition to changes in X-ray intensity, the increase in tube voltage also affects image formation. Where the 
greater the voltage of the X-ray tube, the formation of electrons will be accelerated so that the X-rays 
produced have a higher energy. This is what causes the X-ray penetrating power to be greater, thereby 
reducing noise in the image (Bushberg et al., 2013; Fauber, 2012). This noise reduction causes an increase in the 
CNR value. This is also compatible with the results of this research, where the greater the X-ray tube voltage, 
the greater the CNR value. 

In addition to intensity, the CNR value is also influenced by the density of the material. Materials with a 
large density value have a high ability to absorb X-rays, while materials with a small density value will 
transmit more X-rays (Sarma et al., 2012; Keyak & Falkinstein, 2003). To obtain the CNR value, the density of 
the tissue is compared with the density of water which is the largest constituent component in the body. The 
greater difference between the density of the body tissue and water, the greater the value of the resulting CNR 
(Ginting, 2016). In this research, the highest CNR value was obtained in air material, where air has the smallest 
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density value compared to other materials, which is 0.0013 g/cm3. Therefore, the air material produces a black image 

because the air transmits more X-rays than absorbs X-rays.  
The CNR value indicates image quality or the ability to visualize organs. A large CNR value indicates the 

object intensity (Io) is higher than the amount of noise so that the image quality increases (Dey et al., 2016; 
Uibu et al., 2004). The greater CNR value, the better the quality of the resulting image, meaning that the image 
with the largest CNR value is the optimal image (Bequet et al., 2020). Based on this research, the optimal image 
was obtained when the X-ray tube voltage was adjusted to 135 kV which resulted in CNR values of 113.52 for 
air, 35.06 for derlin, 13.93 for acrylic, 10.44 for nylon and 12. 19 on polypropylene.  

The results of this research can be used as a reference in examining organs using a CT scan, where caution 
is needed in determining the X-ray tube voltage used. The voltage of the X-ray tube is the dominant factor in 
producing the X-ray energy level used to penetrate the object (Dabukke, 2017). Therefore, it is very important 
to determine the X-ray tube voltage used in the examination in order to produce an optimal image. In addition, 
it is necessary to have Quality Assurance (QA) and Quality Control (QC) on a regular basis to evaluate the X-
ray tube voltage, X-ray tube current and other parameters on CT Scans in accordance with BAPETEN 
Regulation No. 2 of 2018 concerning the Conformity Test of X-Ray Diagnostic and Interventional (Nariswari, 

2018). 
 
 

4   Conclusion 
 

It can be concluded that variations in X-ray tube voltage affect the CNR value, where the greater the X-ray tube 
voltage, the greater the CNR value. When the X-ray tube voltage is adjusted to 135 kV, the optimal CNR values 
are 113.52 for air, 35.06 for derlin, 13.93 for acrylic, 10.44 for nylon and 12.19 for polypropylene.  
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