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ABSTRACT 
 

Aims: Slice thickness variation analysis on spatial resolution on CT-scan images by determining 
CNR and SNR values, by making ROI on object and background images. ROI size of objects and 
backgrounds can be observed with several criteria based on the provisions of the ACR program, so 
that optimization of CT-Scan image quality can be achieved. 
Place and Duration of Study: The Radiology Installation in Bali Mandara Hospital, between 23 
March to 20 May 2022. 
Methodology: Data collection begins with preparing the equipment used, namely CT-Scan, head 
holder, phantom, and computer. After that, the head holder is placed in the middle of the gantry and 
then the phantom is placed with the guidance of the laser beam (alignment system). Set the axial 
beam on the vertical line of section 1 and then set the coronal beam on the horizontal line of 
section 2. After that, setting the type of examination using the adult head protocol and setting the 
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scan parameters to 80 kV, 100 mAs, and slice thicknesses 1, 2, 3, 4, 6, and 8 mm. After the 
preparation is done then the next exposure to the phantom. Then the research data in the form of 
phantom images will be seen as a whole to program on the computer monitor. Measurements were 
made 5 times for each slice thickness. Next is to analyze the CNR of digital phantom image data on 
a computer. So that it can be determined object ROI, background ROI, object mean, background 
mean, and standard deviation of the background. 
Results: The results showed that the thicker the Slice Thickness, the higher the CNR and SNR 
values. The highest CNR value occurred in air medium (13.70) and the lowest occurred in Nylon 
(0.86). Likewise, the highest SNR value occurred in air medium (13.84) and the lowest in Nylon 
(0.99). The highest CNR and SNR values occurred in air medium and the lowest occurred in Nylon.                 
Conclusion: Slice Thickness variations affect the spatial resolution of CT-Scan images as 
indicated by the CNR and SNR values however, the CNR and SNR values are still above 1.0 for 
adult head examination and above 0.7 for children's head examination. So that the quality of CT-
Scan images at Bali Mandara Hospital is still very good. 

 

 
Keywords: CNR; image quality; spatial resolution; ROI; slice thickness; SNR. 
 

1. INTRODUCTION 
 
The Radiology Service Unit is a medical support 
installation using ionizing radiation sources to 
diagnose the presence of a disease in the 
patient's anatomy which is displayed in image 
form [1]. One of the applications of ionizing 
radiation is the use of a Computed Tomography 
(CT) Scan. CT-Scan is an X-ray imaging tool that 
is combined with a data processing computer so 
that it can produce cross-sectional images of the 
patient's body. CT-Scan has developed into a 
medical imaging method that is indispensable in 
radio diagnostic examinations. The direction of 
development of CT-Scan technology is currently 
more focused on increasing the speed of imaging 
with multi-slice detectors, increasing image 
resolution, and reducing the radiation dose 
received by patients [2,3]. The quality of CT-
Scan images is influenced by several factors, 
namely spatial resolution, resolution contrast, 
noise, and artifacts. One of the important 
parameters in image quality is the selection of 
slice thickness so that the selection of the right 
slice thickness can establish a good diagnosis, 
therefore research on image quality is very 
important to do because good image quality can 
provide accurate information for the medical 
team so that medical action done right [4]. 
 
Slice thickness has a direct effect on the spatial 
resolution of the resulting image at the time of 
scanning. Spatial resolution is the ability to 
display object images with high contrast levels. 
The thicker the slices, the better the spatial 
resolution of the image. Another factor that 
affects image quality is noise. High noise greatly 
affects spatial resolution, because high noise can 
reduce the spatial resolution of images [5]. 

The measurement of spatial resolution is related 
to Signal to Noise Ratio (SNR) and Contrast to 
Noise Ratio (CNR). Technically, the detector 
must be able to distinguish small differences in 
X-ray attenuation, so that it can be detected in 
soft tissue contrast. The factors that affect this 
spatial resolution are kV, mAs, radiation dose, 
pixel size, filter reconstruction, and slice 
thickness. Other factors such as extrinsic factors 
are related to image acquisition protocols which 
can be optimized in managing subject contrast in 
images [6,7].  
 
For clinical applications, it is necessary to 
optimize according to the purposes used, for this 
reason, it is necessary to research the analysis 
of slice thickness variations on the spatial 
resolution of CT-scan aircraft images. The 
images obtained were analyzed using the CNR 
and SNR parameters. 
 

2. METHODS 
 

2.1 Place and Duration of Study 
 
The study was conducted from March to May 
2022 at the Radiology Installation of Bali 
Mandara Hospital. 
 

2.2 Research Tools 
 
The tools used in this study were CT-Scan, 
Phantom, CR (Computer Radiography), and 
imaging plates. 
 

2.3 Data Processing 
 

Data collection in this study began with preparing 
the equipment used, namely CT-Scan, head 
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holder, phantom, and computer. After that, the 
head holder is placed in the middle of the gantry 
and then the phantom is placed with the 
guidance of the laser beam (alignment system) 
[8]. Set the axial beam on the vertical line of 
section 1 and then set the coronal beam on the 
horizontal line of section 2. After that, setting the 
type of examination using the adult head protocol 
and set the scan parameters of 80 kV, 100 mAs, 
and slice thicknesses 1, 2, 3, 4, 6, and 8 mm. 
After the preparation is done then the next 
exposure to the phantom. Then the research 
data in the form of phantom images will be seen 
as a whole to program on the computer monitor. 
Measurements were made 5 times for each slice 
thickness.  
 

2.4 Data Analysis 
 
The research data is quantitative data that is 
analyzed comparatively and statistically, namely 
by looking at and comparing the results of 
observations from the research conducted. The 
next step is to analyze the CNR and SNR of 
digital phantom image data on a computer. So 
that it can be determined object ROI, background 
ROI, object mean, background mean, and 
standard deviation of background. Then calculate 
the CNR value according to equation 2.1 as 
follows [6].  
 

                 (2.1) 
 
Where:  

xob = mean ROI of the object,  

 bg = mean ROI background and  

  = standard deviation of the background 
ROI.  

 
The SNR value can be calculated by the 
following Equation 2.2, 
 

                           (2.2)  
 

The CNR value must be greater than 1.0 for the 
adult head protocol, while for the protocol in 
children, it must be greater than 0.7 [9]. 
  

3. RESULTS AND DISCUSSION  
 
The research results were obtained from 
phantom images by varying the slice thickness of 
the image quality and measuring the mean and 
standard deviation values of each ROI with 5 
repetitions for each slice thickness can be shown 
in Table 1. 
 
Furthermore, the data that has been obtained is 
analyzed to determine the CNR and SNR values 
with Equations 2.1 and 2.2 as shown in Tables 2 
and 3 following.  
 
The results of the analysis of the CNR and SNR 
values in Tables 2 and 3 can be represented in a 
graph of the thickness variation of Slice thickness 
to the CNR and SNR values for each phantom 
motorcycle taxi as shown in Figs. 1 and 2. 

 
Table 1. The mean value of each ROI on slice thicknesses of 1, 2, 3, 4, 6, and 8 mm 

 
Slice Thickness 
(mm) 

Mean (  ) Standard Deviation 
Background ObAir ObDer ObAcr ObNyl ObPoly Bg 

1 1015,72 341,52 110,82 72,54 140,32 9,70 73,40 
2 1005,78 319,22 104,74 66,52 135,58 3,62 62,84 
3 1014,96 343,84 111,14 69,54 140,64 6,98 50,56 
4 1006,72 333,76 106,94 71,18 139,16 3,38 45,52 
6 1004,66 336,82 105,68 70,82 140,28 2,20 40,28 
8 999,86 328,94 103,58 69,80 137,46 0,90 28,92 

 
Table 2. CNR value for each object in the phantom 

 
Slice Thickness 
(mm) 

CNR 

Air Der Arc Nyl Poly 

1 13,70 4,52 1,38 0,86 1,78 
2 15,94 5,34 1,60 1,00 2,10 
3 19,94 6,67 2,06 1,24 2,64 
4 22,04 7,25 2,27 1,48 2,98 
6 24,88 8,30 2,57 1,70 3,42 
8 34,54 11,34 3,55 2,38 4,72 
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Table 3. SNR values for each object in the phantom 
 

Slice Thickness 
(mm) 

SNR 

Air Der Arc Nyl Poly 

1 13,84 4,65 1,51 0,99 1,91 
2 16,01 5,40 1,67 1,06 2,68 
3 20,07 6,80 2,20 1,38 2,78 
4 22,17 7,33 2,35 1,56 3,10 
6 24,94 8,36 2,62 1,76 3,48 
8 34,57 11,37 3,58 2,41 4,75 

 

 
 

Fig. 1. Graph of variation of slice thickness to CNR value 
 

 
 

Fig. 2. Graph of variation of slice thickness to SNR value 
 

Based on the research results it can be observed 
that slice thickness with CNR and SNR has a 
strong influence [10]. This is caused by the 
contrast ratio and signal-to-noise influenced by 
several factors, one of which is the slice 
thickness, and when using a thin slice thickness 

it produces minimum CNR and SNR values, this 
is caused by the amount of noise in the image 
which causes a decrease in the spatial resolution 
of the image [11]. On the other hand, the use of a 
thick slice thickness results in maximum CNR 
and SNR values, due to the minimal noise in the 
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image which increases the spatial resolution 
image. The size of the slice thickness used 
depends on the diagnostic needs of the object 
being examined. After knowing that slice 
thickness is a very important factor in the use of 
CT-Scans, it is necessary to have quality control 
and quality accuracy for the evaluation of slice 
thickness on CT scans by BAPETEN Regulation 
Number 2 of 2018 concerning Conformity Tests 
for Diagnostic and Interventional Radiology X-
Ray Devices [12].  
 

4. CONCLUSION  
 
The results of this study can be concluded that 
the thicker the Slice Thickness, the CNR and 
SNR values increase. The highest CNR and 
SNR values occurred in Air medium and the 
lowest occurred in Nylon, however, all CNR 
values were still above 1.0 for adult head 
examination and above 0.7 for children's head 
examination. So that the quality of CT-Scan 
images at Bali Mandara General Hospital is still 
very good. 
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