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ABSTRACT 

The purpose of this study is to compare the water-equivalent diameter (Dw) and 

size-specific dose estimate (SSDE) obtained from CT localizer radiograph based 

on the step-wedge and computed tomography dose index (CTDI) phantoms. 

The two phantoms were scanned using a 64-slice SIEMENS Somatom CT 

Scanner with tube currents of 100 mA and 120 kV. The CT localizer 

radiographs of two phantoms were obtained. Subsequently, relationships 

between pixel values (PV) and water-equivalent thickness (tw) were developed. 

Based on those relationships, the Dw and SSDE of twenty patients were 

calculated from the CT localizer radiographs. The results of the Dw and SSDE 

measured using CT localizer radiographs based on the two phantoms were 

compared. The relationships between PV and tw obtained from both CT 

localizer radiographs of the phantoms of step-wedge and CTDI are established. 

The Dw and SSDE values from the CT localizer radiograph calibrated with the 

CTDI phantom and step-wedge phantom also have linear relationship with R2 > 

0.99. The statistical test value with p-value > 0.05 indicating that the two 

measurements of Dw and SSDE based on two phantoms are not statistically 

different. The results from the step-wedge phantom are comparable with those 

from the CTDI phantom. The relationship PV and tw with CT localizer 

radiograph from the step-wedge phantom can produce accurate calibration 

results. The results of the calibration of the step-wedge phantom can then 

determine the value of Dw and SSDE. 
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I. INTRODUCTION 

 

Dosimetry of computed tomography (CT) has evolved 

over the years [1,2]. Previously, computed 

tomography dose index volume (CTDIvol) [3] and dose-

length product (DLP) were the standard quantities for 

CT radiation dose [4-6]. However, these two 

quantities have limitations, because they only provide 

information about output dose from CT and do not 

account for patient radiation dose [7-9]. Size-specific 

dose estimate (SSDE) was subsequently introduced to 

estimate patient dose based on specific patient 

physical characteristics [10,11]. At beginning, SSDE 

was calculated based on effective diameter (Deff) [12]. 

However, the calculation of patient dose with Deff is 

less accurate because it only considers the patient's 

physical size [13,14]. Subsequently, a more accurate 

approach based on water-equivalent diameter (Dw) 

was proposed [15]. 

Theoretically, the Dw can be calculated using 

CT localizer radiograph and CT axial images [16,17]. 

However, the attenuation value at CT localizer 

radiograph has not been standardized and normalized 

for water attenuation. This causes the determination 

of Dw from pixel values (PV) of CT localizer 

radiographs is complicated. In contrast to axial CT 

images, the obtained PV have been normalized with 

water attenuation so that the pixel values are 

following the standard of Hounsfield unit (HU) [16]. 

Although fairly easy to do, in some cases, the axial 

images are truncated, making the Dw and SSDE 

calculations are less accurate. Meanwhile, if using a 

CT localizer radiograph the truncation can be avoided 

[18]. 

Anam et al. (2018) [19] have proposed a 

method for calibration of PV and water-equivalent 

thickness (tw) of CT localizer radiographs. The 

measurements used a CTDI phantom made of 

polymethyl methacrylate (PMMA) with a diameter of 

32 cm and a length of 15 cm. Zhang et al (2018) [20] 

also reported that the calculation of the Dw value 

proves that the PV and tw have a strong correlation. 

They used ACR CT accreditation phantom, CTDI 

phantom, and several variations of water containers. 

However, the availability of these phantoms is still 

limited. 

One of the alternative phantoms that can be 

used for the same purpose is the step-wedge phantom 

mad from acrylic. Acrylic material is widely used 

materials because it has more advantages than other 

materials in terms of its density value which 

resembles water [21]. This makes acrylic a better 

option as the base material for step-wedge phantom to 

facilitate calibration of PV with tw for CT localizer 

radiograph measurements. The phantom can be 

developed in hospital. However, an accuracy of 

implementation of the step-wedge phantom for Dw 

and SSDE measurements has not been investigated. In 

this study, we aimed at compare the step-wedge with 

the CTDI phantom in terms of determining 

calibration accuracy for the Dw and SSDE 

measurements. 

 

II. METHODS AND MATERIAL 

 

A. Step-wedge and CTDI phantom scan 

This study used a 64-slice SIEMENS Somatom CT 

Scanner (Siemens Medical Systems, Erlangen, 

Germany) which was installed in the Radiology 

Installation of the Rumah Sakit Umum Daerah (RSUD) 

Pekalongan Regency. The two phantoms were 

scanned on the patient's table to provide the phantom 

image, as seen in Figure 1. The CTDI and step-wedge 

were scanned with several scanning parameters as 

shown in Table 1. 

Table 1. Scan parameters. 

Parameters Input 

Image type CT localizer radiograph  

Projection AP 

Tube voltage 

(kV) 
120 

Tube current 

(mA) 
100 
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All images generated from the scanning process were 

saved in the Digital Imaging and Communications in 

Medicine (DICOM) format. The CTDI and step-wedge 

phantom images were used to obtain the relationship 

between the pixel value and the water equivalent-

thickness of the CT localizer radiograph for 

determining Dw and SSDE. 

 

B. Patients 

The CT localizer radiographs of the patients were 

obtained from the hospital based on the standard 

protocol in the form of a CT localizer radiograph. The 

patient's image consisted of 20 patients for abdominal 

examination. The input parameters of patients are 

listed in Table 2. 

 

Table 2. Input parameters of patients. 

Parameters Value 

Number of patient 20 

Image type 
CT localizer 

radiograph  

Tube voltage (kV) 120  

Tube current (mA) 35  

Exposure time (s) 5.17  

 

 

 
Figure 1. Two phantoms were scanned with  a 64-slice SIEMENS Somatom CT Scanner. (a) Step-wedge 

phantom, and (b) CTDI phantom. 

C. Calculation of Dw based on CTDI phantom 

The relationship between PV and tw in Dw and SSDE 

calculations using CT localizer radiographs was the 

first step must be done. In this study, the pixel value 

on the CTDI phantom (diameter of 32 cm) was 

determined using the Matlab R2015a software (Figure 

2). The center position of this phantom was 

considered as the zero position and the distance along 

the axis was converted from the number of pixels to 

mm (or cm). The pixel value profile is set from -160 to 

+160 mm, as shown in Figure 3. 

 
Figure 2. CT localizer of CTDI phantom. 
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Figure 3. CTDI phantom pixel value profile. 

 

In Figure 3, each x-position was a position on 

the CTDI phantom which does not represent the 

phantom thickness (tp). The tp value can be obtained 

from every 30 mm interval in the pixel value profile, 

and it can be calculated using the circle equation. 

Each x-position had a value of 2y where the minimum 

was 0 mm and the maximum was 2r (320 mm or 

phantom diameter). For each tp obtained, it had to be 

converted into tw by using equation (1). 

𝑡𝑤 =  𝑡𝑝 × 𝑘 (1) 

k is the conversion factor from PMMA thickness to tw, 

with a value of 1.058 [15]. After obtaining the 

relationship between the PV and tw, both were 

calculated using equation (2). 

𝑡𝑤 = 𝑎 × 𝑃𝑉 ± 𝑏 (2) 

where a is the slope and b is the intercept. This 

relationship was described in the form of a curve and 

its value was to calculate the Dw from the CT localizer 

radiograph of the patient. The equation was then 

applied to calculate Dw from patient CT localizer 

radiograph using equation (3). 

𝐷𝑤 = 2 × √
∑ 𝑡𝑤 × 𝑑𝑛

𝑖=1

𝜋
 (3) 

where d is pixel dimension in mm (taken from 

DICOM header) and n is number of pixels within 

patient border in the localizer radiograph along x-axis. 

Border of patient image was manually segmented. 

 

D. Calculation of Dw based on step-wedge phantom 

The pixel value of the step-wedge phantom was 

determined by placing the data cursor at each step 

using Matlab R2015a software, as shown in Figure 4. 

 
Figure 4. The identification of pixel value on step-

wedge phantom images. 

 

The PV of each step in the homogeneous 

section and the tw can be determined by using 

equation (2). This process was iterated along with 

each step in the phantom to get 5 data for developing 

the correlation. 

 

E. SSDE calculation 

SSDE was calculated using equation (4) by considering 

the value of Dw, as follows. 

𝑆𝑆𝐷𝐸 =  𝐶𝑇𝐷𝐼𝑣𝑜𝑙 × 𝑓𝐷𝑤
 (4) 

𝐶𝑇𝐷𝐼𝑣𝑜𝑙 is the CT output dose and 𝑓𝐷𝑤
be the 

conversion factor of patient thickness. This 

conversion factor is obtained based on the AAPM 

report no. 24 of 2011, and has been evaluated by 

previous study [22]. 
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III. RESULTS AND DISCUSSION 

 

A. The relationship between PV and tw 

The relationships between PV and tw of the step-

wedge and the CTDI phantoms are shown in Figure 5. 

It shows that the PV and tw have linear correlations 

with R2 > 0.99 for both phantoms. This indicates that 

the results obtained are correlated. The pixel values 

calibrated by the two phantoms increase as the tw 

value increases. 

 

 

B. Water-equivalent diameter (Dw) 

The relationship between Dw values obtained from 

patients CT localizer radiographs calibrated with the 

step-wedge and CTDI phantoms is shown in Figure 6. 

It is found that there is relationship between Dw 

values from the CT localizer radiograph calibrated 

with the CTDI phantom and step-wedge phantom 

with R2 = 0.9929. The statistical test value with p-

value of 0.996. This indicates that the two 

measurements are not statistically different. 

 

C. Size-specific dose estimate (SSDE) 

The relationship between SSDE values calculated 

using CT localizer radiographs based on the CT 

localizer radiographs calibrated using the CTDI 

phantom and the step-wedge phantom is shown in 

Figure 7. It indicates that the value of R2 = 0.9901 and 

p-value > 0.05. 

 
 

Figure 5. Relationships between pixel value and water-equivalent thickness from two phantoms. (a) step-

wedge phantom, and (b) CTDI phantom. 
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Figure 6. The relationship between Dw values calculated based on the CT localizer radiographs calibrated using 

the CTDI phantom and the step-wedge phantom. 

 
Figure 7. The relationship between SSDE values calculated based on the CT localizer radiographs calibrated 

using the CTDI phantom and the step-wedge phantom. 

The relationship between pixel values (PV) 

and water-equivalent thickness (tw) in a CT localizer 

radiograph is very important, hence Dw can be 

measured from the CT localizer radiograph. The 

relationships between PV and tw obtained from 

phantoms of ACR CT and CTDI phantom had been 

previously developed [20]. However, the availability 

of two phantoms are still limited in some CT centers. 

One alternative phantom is the step-wedge phantom 

which can be developed in hospital. In this study, we 

demonstrate that the step-wedge phantom can be used 

as a tool to calculate the values of Dw and SSDE using a 

CT localizer radiograph. 

Anam et al. (2018) [19] reported that the 

calculation of Dw and SSDE using a CT localizer 

radiograph based on a CTDI phantom is accurate. In 

their study, the Dw and SSDE obtained from CT 

localizer radiograph were compared with those from 

the axial CT images. They obtained comparable results.  

In this study, we compare the results of Dw 

from the step-wedge phantom with those from the 

CTDI phantom. Figure 5 shows that the relationship 

between Dw values from the step-wedge phantom 

with those from the CTDI phantom are very similar. 

The relationship between both has R2 > 0.990. 

Previously, phantoms for establishing relationship 

between pixel value and water-equivalent thickness 

for measuring Dw has been proposed by Terashima et 

al (2019) [23]. However, the phantoms have only two 

thicknesses. Our step-wedge phantom has five 

different thickness, hence it is more accurately to 

establish the relationship between pixel value and tw. 

This study has shown one simple method to 

calculate Dw and SSDE based on CT localizer 

radiograph with the step-wedge phantom. Although 

we have compared to those from the CTDI phantom, 

in this study we only used fixed tube voltage and 

current and only one type of scanners and may not be 

representative of other types of scanners. 

 

IV. CONCLUSION 

 

The relationships between PV and tw obtained from 

CT localizer radiographs of the phantoms of step-

wedge and CTDI are established. The Dw values from 

the CT localizer radiograph calibrated with the CTDI 

phantom and step-wedge phantom also have linear 

relationship with R2 > 0.99. The statistical test value 

with p-value > 0.05 indicating that the two 

measurements of Dw based on two phantoms are not 

statistically different. The similar trend has been 

obtained for SSDE values. Hence, the results of the 
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calibration of the step-wedge phantom can be used to 

determine the Dw and SSDE. 
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