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Abstract 
 

Computed Tomography is the radiodiagnostic method that most contributes to the dose deposition 

in population. Therefore, the dose reductions used in these tests are very important, especially for 

pediatric patients who have a life expectancy greater than the rest of the population. This study 

purpose to compare the doses generated from newborns compared to adult patients in head 

Computed Tomography scans. Two head phantoms in a cylindrical shape made in PMMA were 

used, one to adult and another to newborn patient dimensions. The pediatric routine scan protocol 

from a radiological service was used for the Computed Tomography scans. They were performed in 

General Electric Computed Tomography scanner, Bright Speed model with 4 channels. The 

absorbed dose measurements were performed with a pencil chamber placed into both phantoms. 

The newborn head phantom was developed in order to compare the amount of absorbed dose by the 

phantoms when it is used the same acquisition protocol. The dose found for newborn phantom was 

29.9% higher than the adult phantom. 
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1.- INTRODUCTION 

 

Computed Tomography (CT) is diagnostic radiology method a known since 1972, and 

since then it had an exponential improvement in its technological performance and a 

remarkable growth in its clinical use. The use of helical scans associated with 

multidetectors arc allowed to reduce the acquisition time of the CT tests and to improve the 

image quality leading to a more reliable study [Ribeiro and Pereira 2012]. 

 

The radiation used in CT tests can cause damages to human cells and can lead to tumor 

development. An international radiation protection standard was created in order to 

minimize the danger of the radiation for occupational and public exposure.  The 

radiological protection standard applies to the principle of justification and optimization as 

well as the dose or risk limitation. The standard control is to achieve by local and individual 

monitoring, including a trustful instrumentation, measurements and their interpretation 

[Alonso 2009].  

 

CT is the diagnostic radiology method which most contributes to dose deposition in 

population, and and for this reason the reduction of doses used in these tests become very 

important, especially for pediatric patients. [Alonso 2009].   

 

Several countries have already implemented into their legislation the need to check the 

doses received by patients who undergo radiological tests through defined measurements 

and related parameters. The Brazilian legislation defines limites only by MSAD (multiple 

scan average dose) in a typical adult patient as a parameter of quality control of the CT 

scans. The values are a maximum limit of 50 mGy to the head , 35 mGy to the lumbar spine  

and 25 mGy to the abdomen . [Brazil 1998].  

 

To make sure that such low radiation levels are reasonably applicable in the CT tests, the 

optimization and justification principles must be considered, as the cumulative dose 

increases each time the patient undergoes a CT scan [McNitt-Gray 2002].   
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There are several factors that have a direct impact on the cumulative dose, such as the 

radiation beam spectrum, the current and voltage supply of the X-ray tube, the tube time 

rotation, the beam thickness, the scanning length, the shape of the cut section, the pitch and 

the distance from the beam focus to the gantry isocenter [Alonso 2009]. 

 

The factors that directly influence the image quality may not have a direct impact on the 

radiation dose, such as the reconstructive filters. Choices of different parameters in CT 

protocols o can change the dose in patient [Oliveira 2011]. 

 

 

 

2.- MATERIALS AND METHODS 

2.1.- Ionization Chamber:  

 The studies to observe the absorbed dose variation of an adult and a newborn (NB) head 

phantom were performed in the General Electric CT scanner, Bright Speed model with 4 

channels using a pencil chamber 

.  

The pencil ionization chamber connected to the electrometer is used in dosimetry of X-ray 

beams in CT scanners. In this study it was used a Unfors Ray Safe system composed by a 

pencil ionization chamber and a electrometer. Fig. 1 shows the pencil ionization chamber 

and the electrometer used in the measurements. 

 

 

Figure 1.- Pencil ionization chamber and electrometer UNFORS Ray Safe.  
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2.2.- Phantoms  

The adult and newborn (NB) head phantoms have a cylinder shape with 16 cm and 11 cm 

in diameter, respectively. Both phantoms have a length of 15 cm and are made in PMMA.  

The newborn head phantom was built based on the measurements of head circumference of 

34.54 cm, which corresponds to 42 weeks or 14 days of life for a male newborn and 44 

weeks or 28 days of life for a female newborn [Villar et al. 2015]. The head phantoms have 

five openings, one central and four peripherals lagged by 90 degrees. The peripheral 

openings have the center 10 mm from the edge of the phantom. Figure 2 shows a frontal 

view of the newborn and adult head phantoms, and the draw in Figure 3 shows their 

dimensions. 

 

 

 

Figure 2.-  newborn and adult head phantoms.  

 

 

 

 

 

Figure 3.- Dimensions of the newborn and adult head phantoms. 
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The openings of the phantoms are filled with PMMA rods that need to be removed one by 

one for the pencil chamber placement in order to measure the absorbed dose in the five 

positions. The phantoms were placed in the gantry isocenter and the peripheral openings 

were identified as the hours of an analog clock: 3, 6, 9, 12.  Fig. 4 shows the adult head 

phantom placed in the gantry isocenter and the pencil chamber into the opening12. 

 

 

 

Figure 4.- Adult head phantom placed in the gantry isocenter. 

 

2.3.- Measurements  

The central slice was successively irradiated in axial mode, and the measurements were 

done five times in each position using a pencil ionization chamber. The gantry was in the 

angle position of 0 degrees and the phantom in the isocenter on a static table during the 

central slice irradiation. 

 

When the pencil chamber was placed into an opening the others were filled with PMMA 

rods.  The pencil chamber was placed alternating with each opening of the adult phantom 

and then alternating with each opening of the newborn phantom. The parameters used in 

central slice irradiation are presented in Tab. 1. 
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Table 1.- Central slice acquisition protocol 

Technique 
Voltage 

(kV) 

Charge 

(mA.s) 

Thickness beam 

(mm) 

axial 120 100 10 

 

 

 

3.- RESULTS  

 

The results of  CT air kerma index CK,PMMA,100 measured with the pencil ionization chamber 

allows obtain an average value and a standard deviation (SD) for each measurement 

position in each head phantom. These values are presented in the Table 2 for the adult 

phantom and in the Table 3 for the NB phantom.  

 

Table 2.- CK,PMMA,100 values for adult and NB phantoms.  

POSITION 

Adult NB 

CK,PMMA,100 

(mGy) 
SD 

CK,PMMA,100 

(mGy) 
SD 

3 24,03 0,08 30,36 0,09 

6 22,63 0,03 29,06 0,04 

9 22,66 0,15 29,42 0,06 

12 23,85 0,13 30,64 0,04 

Central 22,80 0,04 30,40 0,02 

 

 

Fig. 5 allows compare the variation of CK,PMMA,100  in each position of the adult and NB 

phantom.  

 

 

 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

______________________________________________________________________________ 

43 
 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 3 

 

 

Figure 5.- CK,PMMA,w values in newborn and adult head phantom. 

 

The values of weighted CT air kerma (CK,PMMA,w) are used to show the average dose in a 

single slice. It is calculated using the CK,PMMA,100 average value from the central position 

and the mean of average value of  CK,PMMA,100 TDI100 measured in peripheral points (3, 6, 9 

and 12), according with equation 1 [WAMBERSIE 2005]. The CK,PMMA,w values obtained 

are shown in the Table 3. 

 

          
 

 
              

 

 
                 (1) 

 

Table 3. - Valores de CK,PMMA,w 

Phantom 
CK,PMMA,w 

(mGy) 

Adult 23,13 

Newborn 30,05 
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4.- DISCUSSIONS 

The CK,PMMA,100   values shown in table 2 are similar in all positions of the both phantoms. 

Considering the lower dose value the highest dose value is 6.19% higher for the adult 

phantom and 5,43% for the NB phantom. In all the positions of the NB phantom the 

CK,PMMA,100    is higher than the values obtained in the adult phantom. They are varying from 

26, 34% higher in the position 3, just 33,33% higher in the central position. 

 

Considering the CK,PMMA,w values obtained the NB phantom receives a dose just 29,92% 

higher than the adult phantom. This indicates an average index of overdose in the NB 

phantom.   

 

 

 

5.- CONCLUSION 

 

The results comparing the phantom doses showed that for the same protocol of scan the 

newborn phantom receives a higher radiation dose when it is compared with the adult 

phantom.  Considering the cut section variation studied, from 11 cm to 16 cm in diameter, 

The dose in small sections is higher. That’s important to think about studies for 

optimizations of the head acquisition protocol for pediatric patients because these patients 

presents the higher variation in head circumferences and they have a longer life expectancy. 
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