
2009 International Nuclear Atlantic Conference - INAC 2009 

Rio de Janeiro,RJ, Brazil, September27 to October 2, 2009 

ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 

ISBN: 978-85-99141-03-8 

 

STUDY OF THE CT PERIPHERAL DOSE VARIATION IN A HEAD 

PHANTOM  

 

Arnaldo P. Mourão
1
 Thessa C. Alonso

2
 and Teógenes A. da Silva

2 

 
1Núcleo de Engenharia Hospitalar – NEHOS/CEFET-MG  

Centro Federal de Educação Tecnológica de Minas Gerais 

Av. Amazonas, 5253, Nova Suiça - Sala 113 
30480-000 Belo Horizonte, MG, Brasil 

aprata@des.cefetmg.br 

 
2Centro de Desenvolvimento da Tecnologia Nuclear – CDTN 

Comissão Nacional de Energia Nuclear 

Av. Antônio Carlos, 6627- Pampulha -  

31270-901 Belo Horizonte, MG, Brasil 

alonso@cdtn.br, silvata@cdtn.br  

 

 

 

 

ABSTRACT 

 
The computed tomography is frequently used for the brain diagnosis and it is responsible for the largest doses in 

the head among the X-ray examinations. Established indexes define a reference dose value for a scan routine; 

however the dose value has a longitudinal variation in the scan. The purpose of this study is to investigate the 

variation of the peripheral doses in the head scan using a polymethylmetacrylate head phantom. The studies 

were performed using two different computed tomography scanners in the option single slice with a routine of a 

head adult protocol (i.e. default protocol in the scanner software). Radiation doses were measured using 
thermoluminescent dosimeter (LiF TLD) rod model, distributed inside the PMMA head phantom in periphery 

and central area. The results allowed registering the variation dose curve, longitudinally the scan, for the 

peripheral area and to determine the MSAD value. The peripheral maximum dose value measured can be 

compared with the maximum dose value in the center of the phantom in each different routine. 

 

 

1. INTRODUCTION 

 

Computed tomography (CT) scans were introduced into clinical practice in 1972 and 

revolutionized X-ray imaging by providing high quality images that reproduced transverse 

cross-sections of the body. The CT diagnostic is firmly established as an important 

radiological diagnostic that provides high quality cross-sectional X-ray images of the body, 

besides others images obtained by digital reconstruction [1, 2]. 

 

The CT scans generate relatively large patient doses and the increasing application of this 

diagnostic modality has made a substantial impact on patient care and also population 

exposure. The initial potential of the imaging modality has been realized through rapid 

technological developments, which have resulted in a continuing expansion of CT practice 

over the last 35 years. Numbers of examinations have been steadily increasing and CT has 

become a major source of exposure to diagnostic X-rays for populations [3, 4]. 

Although CT accounts for less than 5% of all X-ray examinations, it contributes up to 40% of 

the resultant collective dose from diagnostic radiology in some countries and is therefore 

recognized as a high dose modality [5]. 
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The conditions of exposure during CT examinations are quite different from those in 

conventional X-ray procedures. The highly-collimated X-ray beams in CT result in a 

markedly nonuniform distribution of absorbed dose perpendicular to the tomographic plane 

during a CT exposure and in the longitudinal planes. A great number of distinct measurement 

methods that uses a variety of ways to describe or characterize the radiation dose delivered by 

a CT scanner have been reported. Dosimetry is complicated further by the use of beam-

shaping filters, whereby the X-ray fan beam is attenuated much more in the edges. This 

characteristic changes the intensity and the spectrum over the fan angle. Inherent differences 

in the design of CT equipment in use lead to variations between scanner models in the 

calculated dose values for standard examinations under conditions of similar image quality 

[6, 7, 8]. This paper reports a study of the longitudinal variation dose in peripheral area of a 

cylindrical PMMA phantom based in local dose measurements in two distinct CT scanners. 

 

 

2. MATERIALS AND METHODS 

 

The experiment to observe the dose variation was realized in two distinct CT scanners with 

the use of the clinical protocol defined to head scan (standard protocol). A PMMA phantom 

head was utilized to positioning thermoluminescent dosimeters inside it and make the dose 

measurements.  

2.1. The head phantom  

 

The head phantom is made of solid acrylic cylinder (PMMA), 150 mm thick (in z-direction), 

with diameters of 160 mm. This PMMA cylinder part contains five probe holes, one in the 

center and four around the perimeter, 90° apart and 10mm from the edge. The inside diameter 

of the holes is 12.67 mm. This head phantom includes five acrylic sticks for plugging all the 

holes in the phantom and it is specifically applicable to CT systems [9]. Figure 1 shows the 

PMMA head phantom with the five sticks plugged. 

 

 
 

Figure 1. PMMA cylindrical head phantom. 

 

Five sticks were prepared to accommodate 15 thermoluminescent dosimeters each one.  The 

dosimeters were distributed along the longitudinal axis of the PMMA stick. It was made a 
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hole in the middle and six others in each side separated 10 mm. Two additional holes were 

made in the central area separated 2 mm of the central hole. Figure 2 presents the holes 

positions to accommodate the dosimeters. 

 

 
 

Figure 2. PMMA stick with holes to hold thermoluminescent dosimeters. 

 
 

2.2. The rod dosimeters  

 

Harshaw Bicron thermoluminescent (TL) dosimeters type TLD-100 were used for 

measurements; they were LiF:Mg,Ti detectors in the shape of rods of 1 mm diameter and 5 

mm long.  The TL dosimeters were read in a 4500 Harshaw Bicron TL reader and they were 

submitted to the usual pre-reading annealing cycle (1 h at 400 °C followed by 2 h at 100 °C) 

and post-reading annealing of 10 min at 100 °C. The annealing TL reading time was carried 

out by the TL reader from 50 to 260 °C during 26.6s [10]. A set of preselected TL dosimeters 

was provided by the CDTN Thermoluminescent Dosimetry Laboratory with 7.5% 

reproducibility and 10% homogeneity. TL dosimeters were calibrated free-in-air in a 
137

Cs 

gamma beam under electronic equilibrium conditions; the calibration resulted in the 

calibration coefficient of 85.5 nC.µGy
-1

. 

 

2.3.  CT scans 

 

The scans were made in two scanners with the standard protocol used for the generation of 

brain images. For the accomplishment of scans, the cylindrical phantom was positioned in the 

isocenter of the CT scanners. The scan had a length of 160mm, beginning 5mm before the 

plan previous of the cylinder phantom and finishing 5mm after the subsequent plan of the 

cylinder, single slice (SSCT). The parameters of each scan are presented in the table 1. 

 

 Table 1.  Scan parameters of the PMMA phantom. 

 
CT scanner kV mAs collimation Pitch 

I 120 264 10mm 1 

II 120 200 5mm 1 

 

Figure 3 presents the central cross-sectional image of the PMMA phantom. In this image it 

can be seen the position of the five sticks and the rod dosimeters inside of them. 
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Figure 3. Axial cross-sectional image of the central slice. 

 
 

3. RESULTS 

 

Figure 4 presents two curves of the longitudinal peripheral dose variation for the head scans 

utilizing PMMA head phantom in two distinct CT scanners. The maximum dose found in the 

scan accomplished by the CT scanner I it was of 42.5±3.1 mGy and it happens in the central 

slice of the phantom. This measured dose is about 39.9±6.1% larger than the measured dose 

in the slices positioned in the extremities of the head phantom (30.4±4.1 mGy).  

For the scan accomplished with the CT scanner II, the maximum dose found was 33.2±1.6 

mGy in the central slice of the head phantom. This value is about 46.3±2.9% larger than the 

measured dose in the slices positioned in the extremities of the head phantom (22.70±0.94 

mGy). 

 

The dose value measured in the central area of the central stick was 38.95±0.48 mGy for the 

scan accomplished in the CT scanner I. This dose value is about 8.37±0.61 % smaller than the 

maximum dose value measured in the peripheral area. In the scan accomplished in the CT 

scanner II, the dose value measured in the central area of the central stick was 31.3±3.3 mGy.  

This dose value is about 5.66±0.65 % smaller than the maximum dose value measured in the 

peripheral area. 

 

In the comparison among the two scans of the head phantom can be observed that the 

peripheral maximum dose value measured in the scan accomplished with the CT scanner I is 

28.0±2.4 % larger than the peripheral maximum dose value measured in the scan 

accomplished with the CT scanner II. Comparing the dose values measured in the central area 

of the central stick, the dose value measured in the scan accomplished with the CT scanner I  

is 24.3±2.6 larger that the dose value measured in the scan accomplished with the CT scanner 

II. 
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Figure 4. Dose variation in the longitudinal axis of the peripheral sticks. 

 

 

4. CONCLUSIONS   

 

The present research addresses CT scans to investigate the spatial dose distribution 

characteristics. This purpose will be explored in new investigations to observe others scans 

protocols, others scanners and others characteristics of the total dose composition. 

 

Through the scans accomplished in the head phantom, it can be concluded that central slice of 

the scan volume receives higher dose than peripheral area. This larger dose is due to the 

significant contribution of the scattering radiation generated in the volume scan. In the two 

scans dose values measured in the center of the slice, which is in the center of the volume 

scanned, was smaller than the dose found in the peripheral area. Therefore, for scans of head, 

the largest dose tends to in the most external area of the central slice of the scanned volume. 

  

The scans were made in two distinct CT scanners and with different protocols, but with the 

same objective of clinical diagnosis. For the observed condition there was a variation among 

the dose values measured, and the CT scanner I generated superior doses among 24.1 and 

33.78% larger than the doses generated by the scanner II. This larger dose deposition is 

mainly due to the largest mAs value used by the CT scanner I protocol. The influences of the 

beam thickness in the composition of the dose will be observed in future measurements. 
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