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Introduction: Micro-CT scanner with a resolution of about 5 micrometers is one of the modalities used to 
create three-dimensional/two-dimensional images of urinary stones. This study aimed to optimize imaging 
parameters in micro-computed tomography (CT) scanner based on the signal-to-noise ratio (SNR) of urinary 
stones for the analysis of stone composition. 
Material and Methods: In this study, eight micro-CT scanning protocols were applied to five urinary stones 
taken from different patients. Each scanning protocol had different voltage, current, and exposure parameters. 
The reconstructed images were then analyzed based on image brightness and SNR. The optimized imaging 
parameters which were chosen were that having high SNR because the high-quality image has high SNR. 
Results: The results showed that two groups of urinary stones had the same mean Hounsfield Units (HU) 
value in the third scanning protocols (i.e., 65 kV, 123 µA, and 850 ms). Mean HU values in group one (i.e., 
stones numbered 1, 3, and 4) were reported as 790, 760, and 720, respectively. The second group (i.e., stones 
numbered 2 and 5) had mean HU values of -514 and -343, respectively. The imaging parameters (i.e., 75 kV, 
106 µA, and 600 ms) had high SNR (25-34) for the first group. The SNR (12.8-13.25) was for the second 
group at imaging parameters (i.e., 85 kV, 94 µA, and 500 ms).  
Conclusion: Based on the SNR, the two optimal imaging parameters for the first and second groups were 
reported as 75 kV, 106 µA, and 600 ms, as well as 85 kV, 94 µA, and 500 ms, respectively.  
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Introduction 
Urinary stone is the deposition of minerals and 

organic compounds in the human urinary tract (i.e., 
kidney, ureter, and bladder) [1]. The most common 
type of urinary stones is calcium-containing stones; 
other types include cystine, struvite, and uric acid (UA) 
[2, 3]. Table 1 tabulates the distinctions of each stone 
based on the mass density values of chemical 
composition. When a urinary stone moves around 
within the kidney or passes into the ureter, some 
symptoms will be present, such as severe pain in the 
side and back, pain on urination, red or brown urine, 
nausea, and vomiting [4]. Increasing incidence and 
prevalence of kidney stones is a growing concern in 
Asia included Indonesia. Market information compiled 
by Cook Medical (February 2016) showed that the rate 
of incidence was 0.3% [5].  

Some treatments for the removal of urinary stones 
from the human urinary tract are medical therapy, 
shockwave lithotripsy, ureteroscopy, and percutaneous 
nephrolithotomy (PCNL) [4]. Treatment of urinary 
stones varies depending on the type of stone for the 
reduction of severe complications and recurrence, 

especially in noncalcium stones. The PCNL includes 
several risks, such as higher blood loss, increased 
radiation, urine leak, or pain [6]. The PCNL is an 
effective modality for the treatment of calcium and 
large stones [7]. However, noncalcium stones, such as 
UA and struvite, can be removed through medically or 
shockwave lithotripsy [8].  

 Use of computed tomography (CT) scan images for 
determining the type of urinary stones has been 
studied in previous studies. Liden (2018) differentiated 
pure UA from other types of urinary stone using the 
peak attenuation of CT images [9]. A prediction model 
based on parameters (i.e., body mass index and stone 
diameter) was developed by Park (2016) for 
shockwave lithotripsy treatment [10]. Stone size and 
composition of urinary stones were evaluated by 
Stewart (2015) based on Hounsfield Units (HU) on 
noncontrasted CT scan images [11].  

Wisenbaugh (2014) demonstrated the limitation of 
CT HUs in predicting mixed stone composition [8]. In a 
study carried out by Fitri (2016), the urinary stones were 
identified by dual-energy micro-CT SkyScan 1173 [12].  
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Table 1. Mass density of urinary stones 
 

Type of bladders  Chemical Formula Mass density (g/cm3) 
Calcium oxalate Mixture CaC2O4.3H2O 1.85 
Cystine Compound C3H7NO2S 1.293 
Struvite Mixture NH4MgPO4.6H2O 1.7 
Uric acid  Compound C5H4N4O3 1.85 

 
Ananthakrisnan (2018) showed that dual-layer 

spectral detector differentiated the pure UA from 
nonUA stones ex vivo [13]. On the other hand, 
Hokamp (2018) used semiautomatic segmentation for 
the characterization of the kidney stones image [14].      

However, the results of above-mentioned studies 
have not been able to distinguish the types of cystine 
and struvite stones because the HUs of the two stones 
are overlapping at high energy levels. Nonetheless, 
based on the mass density in Table 1, both stones (i.e., 
cystine and struvite) have different mass densities 
(i.e., 1.293 and 1.7 g/cm3). Appropriate imaging 
parameters will be able to distinguish the type of 
stones based on HU because their mass densities are 
different. Therefore, it is necessary to investigate the 
optimization of imaging parameters in micro-CT scan 
[15, 16] to analyze the composition of urinary stones 
[9].  

The X-ray microtomography or micro-CT SkyScan 
1173 classified as a laboratory cone beam scanner 
with a maximum resolution of 5 µm/pixel [17]. Micro-
CT has a very small focal spot (<5 µm) on the anode 
target, a rotational subject holder, and a flat panel 
detector [18, 19]. Source of micro-CT, X-ray penetrates 
and interacts depending on the source energy and 
electron density of the material [20]. The micro-CT 
scanner is an ideal solution for the analysis of the 
microstructure due to its nondestructive nature [21-
26]. Micro-CT was also used to determine the 
composition of urinary stones [12]. This study aimed 
to optimize imaging parameters in micro-CT scanner 
based on the signal-to-noise-ratio (SNR) of urinary 

stones for analyzing stone composition because the 
SNR largely determines the image quality.  

 

Materials and Methods 
Five urinary stones with a diameter of 5-15 mm were 

used as the samples obtained from different patients by a 
surgical procedure. Figure 1 shows the procedure of the 
optimization of imaging parameters in micro CT. 
Analyses of the stones were conducted both 
qualitatively and quantitatively. The qualitative analysis 
was performed by observing the samples based on the 
image brightness for the determination of the 
homogeneous area. Region of interest (ROI) was drawn 
in the two-dimensional (2D) urinary stone image by 
referring to the homogeneous area.  

Subsequently, the quantitative analysis was carried 
out using the equation to calculate the SNR of the image 
because SNR determines the image quality. Quantitative 
analysis of urinary stone images referred to a study 
conducted by Pratt (2017) where the appropriate 
parameters were based on the high SNR of the image 
[27]. 

  
Data Acquisition  

Urinary stones were scanned and rotated +180° 
using micro-CT (SkyScan 1173, Bruker, Belgium) for 
the creation of projection images. High energy and 
micro-focus X-ray of the SkyScan 1173 was used to 
achieve higher stability on the focal spot position. The 
scanner has also a flat panel sensor with larger format 
(i.e., >5 Mp) and fiber-optic window with a glass from 
lead [28]. 

 

 
 
Figure 1. Study procedure the optimization of imaging parameters in micro CT 
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filled with aquabidest) 
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Figure 2. Arrangement of urinary stones samples 

 
The samples were arranged in a transparent box 

coated with plasticine at the bottom as shown in Figure 
2. The arranged samples in Figure 2 were scanned by 
eight scanning protocols each of which had different 
parameters related to the variation of source voltage, 
source current, and exposure time. However, the pixel 
size (i.e., 13.89 µm) and filter type (i.e., Al 1 mm) were 
maintained for every protocol. The object-scanning 
scheme is shown in Figure 3; nevertheless, the results of 
the scanning protocols are shown in Table 2. 

Figure 3 depicts the samples placed on a holder that 
can rotate up to 360°. A 240° rotation (known as +180° 
rotation) was used in the present study [29]. The object 
distances to the source and detector were 101.41 and 
262.59 mm, respectively, resulting in a spatial resolution 
of 13.89 µm/pixel. This distance was constant for all 
scanning protocols. Scanning was conducted using a flat 
panel detector with 50 µm pixel size with 2240 × 2240 
pixel dimension. The total scanning time was different 
for each scanning protocol within the range of 2-5.5 h. 
The scan duration was determined by the exposure time, 
rotation step, and total angle of rotation.  
 

Reconstruction 
The image was reconstructed using NReconstruction 

(NRecon) software (version 1.7.1.0, Bruker, Belgium). 
The correction values (reconstruction parameters) were 
applied in the image to reduce beam hardening effect, 

ring artifact, and noise. The correction values were 
beam hardening of 8, ring artifacts of 15, and smoothing 
of 1. The reconstructed image had the same isotropic 
spatial resolution as the projection image (i.e., 13.89 
µm/pixel). 

 

Analysis 
The analyses were conducted both qualitatively and 

quantitatively using CT Analyser (version 1.16.4.1, 
Bruker, Belgium). There were two analytical stages, 
including (1) binary selection threshold and (2) 
calibration to the HU value of water. A binary image is 
an image with only two intensity levels (i.e., black and 
white) from an original grayscale digital image. Binary 
selection threshold is a stage to select object area (i.e., 
white) and background area (i.e., black) based on the 
histogram [28]. The histogram has a deep and sharp 
valley between two peaks; therefore, the threshold was 
chosen at the bottom of this valley [30, 31].  

The HU calibration was derived from aquabidest 
scanned using the same parameters for all object 
scanning protocols. There were 6 steps for the 
calibration of density using HU. Firstly, micro-CT 
scanned HU phantom (i.e., a plastic tube filled with 
aquabidest) using the same parameters for all object 
scanning protocols and NRecon software (version 
1.7.1.0, Bruker, Belgium) reconstructed projection 
images. Secondly, CT-An software analyzed the 
reconstructed dataset of the HU phantom and measured 
the mean grayscale value of HU phantom from the ROI 
of the reconstructed dataset. Then, the values (i.e., 0 for 
minimum grayscale and -1000 for minimum HU) were 
entered in density calibration panel. The maximum 
grayscale and maximum HU were entered the measured 
mean grayscale value of HU phantom and 0, 
respectively. The HU calibration number was obtained 
after calibration [28].     

 

 
 

                                  
Figure 3. Scanning scheme [29] 
 
 
 

X-ray source 

object 

Flat panel detector 

Object to source distance Object to detector distance 



   Leni Aziyus Fitri, et al.                                                                                                                                         Micro-CT for the Analysis of Urinary Stone  
   

Iran J Med Phys, Vol. 17, No. 3, May 2020                                                                                 156 

Table 2. Scanning protocols (i.e., imaging parameters) of urinary stones in micro-computed tomography SkyScan 1173 
 

Protocol Source voltage (kV) Source current (µA) Exposure (ms) 

1 45 177 1500 
2 55 145 1200 
3 65 123 850 
4 75 106 600 
5 85 94 500 
6 95 60 500 
7 105 50 500 
8 115 50 500 

 

  
ROI 1 ROI 2 

Figure 4. Regions of interest 1 and 2 related to each urinary stone image 

 

Results 
Each scanning protocol produced 1200 projection 

images in a 16-bit tagged image file format. Figure 5 

shows that the first scanning protocol (i.e., 45 kV of 

source voltage, 177 µA, and 1500 ms of exposure time) 

produced darker projection image than the eighth 

scanning protocol (i.e., 115 kV of source voltage, 50 

µA, and 500 ms of exposure time). Nevertheless, in 

order to obtain the complete information of the object, 

the reconstruction requires to be performed on the 

projection image from the entire rotation step. Figure 6 

depicts the example of reconstructed images at the 

vertical slice position of 14.535 mm. 

Reconstruction image of each scanning protocol 

(i.e., imaging parameters) had different brightness. 

Figure 6 illustrates that the first scanning protocol (i.e., 

45 kV of source voltage, 177 µA, and 1500 ms of 

exposure time) produced the brightest reconstructed 

image. However, the noise on that image obtained by 

the first scanning protocol was higher, compared to that 

of other images.  

Observation of the brightness of the reconstructed 

images indicated that the two groups of stones were 

visually similar. The first group consisted of the stones 

numbered 1, 3, and 4. In addition, the second group 

comprised of the stones numbered 2 and 5. Stone 

numbered 2 had white and black regions; however, 

stone numbered 5 was black in almost every scanning 

protocol. 

Figure 7 shows both ROI 1 and 2 that represent the 

mean HU value of each stone. Mean HU value of each 

stone decreased at the second scanning protocol (i.e., 55 

kV of source voltage, 145 µA of source current, and 

1200 ms of exposure time), fifth scanning protocol (i.e., 

85 kV of source voltage, 94 µA of source current, and 

500 ms of exposure time), and seventh scanning 

protocol (i.e., 105 kV of source voltage, 50 µA of source 

current, and 500 ms of exposure time).  

The stones can be divided into two groups by 

analyzing the mean HU value of two ROI in Figure 7. 

The first group consisted of stones numbered 1, 3, and 4 

with generally higher mean HU value, and the second 

group included stones numbered 2 and 5 with generally 

lower mean HU value. Nonetheless, stones numbered 2 

and 5 were mixture stones because they had a variation 

in mean HU values on ROI 1. 

Figure 8a illustrates that the standard deviation of 

each stone is high at the first scanning protocol (i.e., 45 

kV of source voltage, 177 µA, and 1500 ms of exposure 

time). The eighth scanning protocol (i.e., 115 kV of 

source voltage, 50 µA, and 500 ms of exposure time) 

obtained the lowest standard deviation. Figure 8a and 8b 

also show the low standard deviation at the fifth 

scanning protocol (i.e., 85 kV of source voltage, 94 µA 

of source current, and 500 ms of exposure time). 

Quantitative analysis of this study was conducted by 

the calculation of the SNR value. Figure 9 depicts the 

relationship between SNRs and scanning protocols (i.e., 

imaging parameters). The SNR of each stone fluctuated 

in the present study. Figure 9a shows that the first group 

(i.e., stones numbered 1, 3, and 4) has the maximum 

SNR at the fourth scanning protocol (i.e., 75 kV of 

source voltage, 106 µA of source current, and 600 ms of 

exposure time). The SNR of the second group (i.e., 

stone numbered 2 and 5) was at the maximum level at 

the fifth scanning protocol (i.e., 85 kV of source voltage, 

94s µA of source current, and 500 ms of exposure time).  



 Micro-CT for the Analysis of Urinary Stone                                                                                                                                         Leni Aziyus Fitri, et al. 
  

157                   Iran J Med Phys, Vol. 17, No. 3, May 2020 
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(5) (6) (7) (8) 

 Figure 5. Projection images of all scanning protocols; counterclockwise 0.2° rotation of images  
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Figure 6. Reconstructed images of all scanning protocols at the vertical slice position of 14.535 mm  
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                                                  ROI 1                                                                                                  ROI 2 

 

Figure 7. Mean Hounsfield Unit of five urinary stones on regions of interest 1 and 2 

 
 

 
                                                          ROI 1                                                                                                       ROI 2 

 
Figure 8. Relationship between standard deviation and scanning protocols (i.e., imaging parameters) 

 

 

 
                                               ROI 1                                                                                                 ROI 2 
 

Figure 9. Relationship between signal-to-noise ratios (SNRs) and scanning protocols (i.e., imaging parameters) 
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Figure 9b illustrates that the maximum SNR of the 

first group was the fifth scanning protocol (i.e., 85 kV of 

source voltage, 94 µA of source current, and 500 ms of 

exposure time). 

  

Discussion 
This study obtained the optimization of imaging 

parameters in micro-CT SkyScan 1173 based on SNR 
for the analysis of urinary stone composition. The 
imaging parameters (i.e., source voltage, source current, 
and exposure time) are the parameters that determine the 
X-ray beam characteristics (i.e., quality and quantity). 
The source voltage accelerates the electrons from the 
cathode filament toward anode. The source current is the 
rate of electron flow from the cathode to anode. The 
exposure time is the duration of X-ray production [32].  

Based on the HU values, urinary stones can be 
classified into calcium oxalate, cystine, struvite, and UA 
[33]. The classification based on the HU value describes 
the attenuation of the X-ray related to the electron 
density and amount of energy transmitted [34]. The 
results showed that the two groups of urinary stones had 
the same mean HU values. Group one consisted of 
stones numbered 1 (790), 3 (760), and 4 (720). Then, the 
stones numbered 2 (-514) and 5 (-343) were considered 
the second group. 

Brightness differences of the reconstructed images of 
all scanning protocols were due to the influence of the 
source voltage and electron density. By obtaining the 
appropriate X-ray voltage parameters, the scanning 
process produces high-quality images [17] that is in line 
with the results of a study conducted by Hermanek 
(2017) [35]. By increasing the source voltage, image 
noise decreases, and the images have a better contrast 
ratio [36-38].  

Quantitatively, Figure 9a shows that the 
relationships between SNRs and scanning protocols 
(i.e., imaging parameters) have peaks because saturation 
occurs at certain source voltage. Theoretically, the low 
exposure levels produce images with relatively low 
SNR. Exposure depends on both the quantity and quality 
of the X-Ray beam. Source voltage determines the 
quantity, quality (i.e., penetrability), and transmission 
through the object; however, source current determines 
only the quantity [32, 38]. The optimized imaging 
parameters, which were chosen, were parameters 
obtaining high SNR because high SNR value is one of 
the characteristics of image quality [39, 40]. This result 
is in accordance with the findings of a study carried out 
by Lid et al. [13]. 

 

Conclusion 
The four scanning protocols (i.e., the first until 

fourth) increased the SNR value of the first group by 
30%. Nevertheless, SNR decreased 20% at the scanning 
protocol fifth until the seventh source. Based on SNR, 
the optimizations of imaging parameters were 75 kV 
and 115 kV of source voltage. Based on the SNR, the 
two optimized imaging parameters for the first and 
second groups were 75 kV of source voltage, 106 of 

source current, and 600 ms of exposure time, as well as 
85 kV of source voltage, 94 µA of source current, and 
500 ms of exposure time, respectively.  
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