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Abstract 

 

The dissemination of Computed Tomography (CT), a radiodiagnostic technique, has 

significant increase in the patient dose.  In the last years, this technique has shown a high 

growth due to clinical cases of medical emergencies, neoplasm and pediatric traumas. 

Dose measurement is important to correlate with the deleterious effects of radiation on 

the organism and radiation future effects is related with stochastic risks due to tissue 

radiosensitivity, allied to the life expectancy of the child. In this work, a cylindrical 

phantom, representing an adult chest made of polymethylmethacrylate (PMMA), was 

used and a new born chest phantom with a shape oblong was developed based on the 

dimensions of a typical newborn. In a GE CT scanner, Discovery model, with 64 

channels, the central slice of the phantoms were irradiated successively in order to obtain 

dose measurements using an ionizing pencil camera. Based in the measurements, dose 

index was calculated (CTDIvol). The radiological service chest protocol using a voltage of 

120 kV was used for scanning 10 cm of the central area of the adult and newborn 

phantom, in helical mode. An acquisition of images was performed using this 

radiological service chest protocol to compare with the protocol optimized.  In the 

newborn phantom was also used protocols optimized using a voltage of 120 and 80 kV. 

The voltage of 80 kV had the lowest dose index for the pediatric object.phantom  This 

work allowed the comparison between absorbed dose variations by the pediatric phantom 

changing the X-ray tube supply voltage. This dose variation has shown how important is 

specific protocols for children.  

 

 

 

Keywords: dosimetry, computed tomography, phantoms.  



ISSSD 2017 
September 26 to 30th, 2017.  Santo Domingo, Dominican Republic. 

 

130 
ISSSD 2017 Proccedings                                                                                                                                          Volumen 1 

 

1.- INTRODUCTION 

 

The CT test had its first applications in the 1970’s and over the years has become one of the 

most important methods of diagnostic imaging, significantly improving the quality of medical 

services. CT images allow observing low contrast structures such as soft tissues, unlike 

conventional radiographs. CT scans are radiological examinations responsible for the largest 

contribution to the population dose [Augusto 2009]. 

 

Due to the quality of the images and the possibility of detecting anomalies more accurately 

compared to other radiological examinations, CT scans are increasingly required in the 

diagnostic imaging process. As an example of this growing demand, the Computed 

Tomography (CT) in the United States had an estimate for the year 2010 of one million 

exams. In addition, there are people who are carriers of chronic diseases, need frequent 

monitoring and are subjected to large numbers of radiological exams [Iared and Shigueoka, 

2010]. 

 

For these reasons, Computed Tomography (CT) is one of the most important diagnostic 

methods. Currently, CT scanners used in diagnostic radiology departments allow axial, helical 

and helical multislice scans. The variety of manufacturers, different types of X-ray tubes, the 

use of different electrical current values, tube rotation times, etc., It follows that each 

diagnostic radiology service, regardless of the used CT scanner, adopt its own scan protocols 

for routine CT examinations [Dance et al., 2014; Mourão, 2015]. The increasing demand for 

CT scans in pediatric patients, mainly due to the high rates of traumatic injuries due to auto 

accidents, falls in bicycles, blunt trauma, traumatic brain injury, as well as a significant 

increase in the incidence of newborn neoplasms. 

 

The routine protocols of the radiological service are based on the adult patient and are pre-

established by the manufacturers without taking into account the notable differences in 

volume and mass of the anatomical structure studied in pediatric patients [Kleinmann et.al., 

2010]. 
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CT devices can allow the use of four different X-ray tube supply voltage, but the vast majority 

of CT scans are performed with a value of 120 kV. The recurrent use of protocols in CT 

results in a bigger dose uptake to the pediatric patient. The challenge is to promote a protocol 

that guarantees quality in diagnosis and is safe at doses as low as reasonably achievable. The 

optimization of these protocols should be applied more attentively and efficiently when the 

patients are newborn, as they are more sensitive to radiation due to the process of division in 

the various tissues and organs in development and deleterious effects of radiation on the 

organism and radiation future effects is related with stochastic risks due to tissue 

radiosensitivity allied to the life expectancy of the child [Finatto,  J. D. et al, 2015]. 

 

 

 

2.- MATERIALS AND METHODS 

 

Experiments were performed in a GE CT scanner with 64 channels, DISCOVERY model. In 

this work, experimental measurements were performed on two chest phantoms. The adult 

chest phantom with a cylindrical shape is a standard that was developed based on the size of 

the chest, of an adult human body. A second object, in oblong shape, was developed based on 

the size of the chest, in the axillary region, of an one year old child.  

 

The chest pediatric phantom has an oblong shape and diameters of 9 and 17 cm representing 

the pediatric patient of 1 year old. The adult chest phantom is a standard phantom in a 

cylindrical shape with diameter of 32 cm. Both phantoms have a length of 15 cm and are 

made of Polimethylmethacrilate (PMMA). They have five openings, one central and four 

peripherals out of phase of 90
o
 and have their center 10 mm apart from the edge. 

 

The openings have dimensions of 1.25 cm in diameter and 15 cm in length and are used for 

the placement of the pencil chamber. For the positioning of the phantom in the gantry 

isocenter, the peripheral openings were aligned similarly with the positions 3, 6, 9 and 12 

hours of an analog clock. Figure 1 shows axial images of the pediatric chest phantom with the 
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pencil chamber positioned in each opening. Figure 2 shows the chest pediatric phantom 

placed in the gantry. 

 

 

 

 

Figure 1. - Positioning of the pencil chamber inside the openings 3, 6, 9, 12 and central of the 

pediatric chest phantom. 

 

For the absorbed dose measurement was realized in the central (CPMMA,100,c) and in the 

peripheral (CPMMA,100,p) positions using a calibrated pencil ionizing chamber, RADCAL 

ACCU-GOLD 10X6-3CT model, developed to make measurements of dose index and 

longitudinal dose product for X-ray beams in CT. The detection range is between 200 nGy 

and 1 kGy with an uncertainty of 4% for X-rays up to 150 kV of voltage. The camera has 3 

cm
3
 of active volume and the cable is tri-axial type of low noise. This pencil chamber was 

placed in the central and peripheral openings of each phantom.   
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Figure 2. - Positioning of the newborn chest phantom in the CT scanner isocenter. 

 

 

From the CTDI100 values measured at the central and peripheral openings of the phanthoms it 

was possible to calculate the weighted dose index (CTDIw), given by equation 1, where 

CTDI100,C is measured in the central position and CTDI100,P is the mean of the measurements 

on the periphery. Values of CTDIvol are defined by the equation 2. 

 

      
 

 
           

 

 
                                        (1)     

 

        
     

     
                                             (2) 

 

The central slice irradiation was performed in axial mode. The parameters of the protocols 

used for irradiation of the central slice in axial mode are shown in Table 1. Five readings were 

taken in each position of each phantom (IAEA, 2007). 
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Table 1. Parameters for central slice irradiation. 

Voltage 

(kV) 
Current 

(mA) 
Charge 

(mA.s) 

Slice 

Thickness 
(mm) 

Time 

tube 
(s) 

120 200 100 10 0,5 

80 200 100 10 0,5 

 

Protocol parameters used by the service for scan of adult patient was used in the scan of 10 

cm in the central region of the adult phantom and optimized pediatric protocols with 120 kV 

and 80 kV were used for scan 10 cm of the central region of the pediatric chest phantom. 

These protocols are in Table 2. 

 

Table 2. Protocol parameters for optimized image acquisitions. 

Phantom 
Voltage 

(kV) 
Current 

(mA) 
Charge 

(mA.s) 
distance 

(cm) 

Time 

tube 
(s) 

Pitch 

Adult 120 200 100 10 0,5 0.984 

Pediatric 
120 51 25.5 10 0,5 0.984 

80 120 60 10 0,5 0.984 

 

 

 

3.- RESULTS AND DISCUSSION 

 

All the measurements were converted to absorbed dose in PMMA using a correction factor 

air/PMMA. The absorbed dose values using a charge of 100 mA.s are shown in Table 3. 

 

With the data from Table 3 its possible calculate weighted and volumetric dose index for each 

scans using que optimized charge and the equations 1 and 2. Table 4 presents the values of 

CTDIw ande CTDIvol for each acquisition protocol. 
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Table 3. Absorbed dose values (CTDI100) in mGy. 

Position 

Phantom 

Adult  

(120 kV) 
Pediatric 

(120 kV) 
Pediatric 

(80 kV) 

Dose SD Dose SD Dose  SD 

Central 5.76 0.03 21.35 0.02 6.98 0.02 

3 11.96 0.34 21.30 0.13 7.12 0.01 

6 10.56 0.03 21.16 0.01 7.26 0.02 

9 11.99 0.04 21.57 0.23 7.34 0.03 

12 11.58 0.35 22.86 0.01 7.86 0.05 

 

 

Table 4. Weighted and volumetric dose indexes in mGy. 

Phantom 

Adult 

120 kV 

100 mA.s 

Pediatric 

120 kV 

100 mA.s 

Pediatric 

120 kV 

25.5 mA.s 

Pediatric 

80 kV 

60 mA.s 

CTDIw 9.60 21.6 5.51 4.35 

CTDIvol 9.76 21.95 5.60 4.42 

 

 

The optimization of protocols for CT scans can interfere in the image quality obtained and it 

is important the control of noise.  Therefore, a noise analysis must be carried out due to the 

decrease in voltage, decrease in current incidence or change in the slice thickness for image 

reconstruction, which can affect the noise. CT images obtained with a noise less than 1% are 

considered good quality images and therefore can be used. 

 

The calculation of this noise was carried out through information obtained through the use of 

the RadiAnt software, which allows the analysis of data through an image region (ROI), this 

region was selected in the central slice of the helical scans, in an ellipsoidal form of 
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approximately 2cm
2
, in the area of least disturbance of the image. In the analysis of computed 

tomography images, the use of the Hounsfield scale is taken into consideration, as follows: 

 

Noise = 
 

       
                                       (3) 

 

Where σ is the standard deviation and HU is the average value in the selected ROI. From this 

analysis it was possible to construct the table 2.  

 

Table 3: Image noise for pediatric phantom with optimized protocol. 

Voltage 

(kV) 

Current 

(mA) 

slice 

thickness 

(mm) 

Average 

HU 
σ 

Noise 

(%) 

120 51 5,00 118,75 7,53 0,67 

80 120 5,00 94,03 8,46 0,77 

 

 

 

4.- CONCLUSIONS  

 

From the values obtained, it can be concluded that with the use of the chest adult protocol in 

the pediatric phantom the dose index in the pediatric phantom is 225.94% higher than the 

dose index in adult phantom. The comparison was also performed between the usual protocol 

and the optimized protocol tested for the pediatric phantom.  For both voltage the optimized 

protocol for pediatric phantom the dose index was smaller than that found in adult protocol 

with variations of 57.36% and 45.35% of  the value of the adult dose index. 

 

The comparison between the protocols optimized for different voltages was also performed. 

The optimized protocol at 80 kV voltage presented a dose index of 21.05% lower compared to 
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the use of the 120 kV voltage. The CT images obtained with a noise index of less than or 

equal to 1% are considered good quality images, so it can also be concluded from the noise 

indexes obtained for the respective voltages 120 and 80kV (0,67% e 0,77%), that the images 

obtained with the optimized protocols are of good diagnostic quality. Therefore, the use of the 

80 kV voltage had the lowest dose index for the pediatric object and a good noise index, so 

the use of the optimized protocol with the lowest applied voltage is feasible, since the 

obtained image can be used for diagnosis. 
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