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Abstract 

Computed tomography (CT) is considered one of the most important methods of 

medical imaging employed nowadays, due to its non-invasiveness and the high quality 

of the images it is able to generate. However, the diagnostic radiation dose received by 

an individual over the year often exceeds the dose received on account of background 

radiation. Therefore, it is important to know and to control the dose distribution in the 

a patient by varying the image acquisition parameters. The aim of this study is to 

evaluate the variation of the image quality of chest CT scans performed by two 

phantoms. In this paper, a cylindrical Polymethyl Methacrylate (PMMA) chest 

phantom was used and a second PMMA phantom has been developed with the same 

volume but an oblong shape, based on the actual dimensions of a male human thorax, 

in the axillary region. Ten-centimeter scans of the central area of each phantom were 

performed by a 16-channel Toshiba CT scanner, model Alexion. The scanning 

protocol employed was the radiology service protocol for chest scans. The noise 

survey was conducted within the image of the center slice, in five regions: one central 

and four peripheral areas close to the edge of the object (anterior, posterior, left and 

right). The recorded values showed that the oblong phantom, with a shape that is more 

similar to the actual human chest, has a considerably smaller noise, especially in the 

anterior, posterior and central regions. 
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1.- INTRODUCTION 

 

The advent of computed tomography (CT) in the decade of 1970 marked the beginning of 

new possibilities for radiology studies. The main reason is that CT allows visualization of 

internal structures of the human body through anatomical cuts, without intervention. Thus, 

the image generation of structures not accessible such as the brain, became possible. This 

medical imaging method has had a great technological advance since its inception, using 

technologies increasingly complex and better, which allows its use in almost every medical 

specialties [Mourão, 2007].  

 

The most recent CT scanners have helical technology with multi-detectors (MDCT) which 

are able to do scans of a complete-volume in less than 5 seconds.  In addition to that, the 

improvement in the image reconstruction process and in the post-processing software has 

contributed to the generation of images with increasingly higher quality [Pina, et al. 2009]. 

Even though, among the medical imaging methods that use ionizing radiation, CT scan is 

the procedure that results in the highest dose in patient [Brenner & Hall, 2007; Dance et al. 

2014] 

Although the risk associated with radiological examination is considered small when 

compared to the risk due to natural radiation, any additional risk, even if minimal, is 

unacceptable if there is no benefit to the patient. For this reason, it is necessary to 

understand the relationship between the dose distribution, the image acquisition parameters 

and the final quality, in order to get useful images for diagnosis and a level of radiation 

exposure as low as possible [Silva, 2014]. Nowadays, the variability of procedures and 

technical protocols used in CT scans has been a prominent discussion topic among the 

medical and scientific community, and some quality standards and Dose Reference Levels 

(DRL) have been defined [Borém, Figueiredo, & Silveira, 2013].  

 

However, further researches to provide optimization of the acquisition protocols used in CT 

scans remain to be conducted. In this regard, the PMMA phantoms are often used in cranial 

and chest CT scans, for instance, as they present absorption and spreading characteristics 

similar to those regions [Dalmazo et al. 2010]. The results produced are consistent and 
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enable the necessary studies to evaluate, analyze and make the current protocols more 

adequate, aiming at decreasing the radiation dose received by the patient and maintaining 

the image diagnostic quality [Goldman 2007]. 

 

The objective of this study is to evaluate the influence of the shape of two chest phantoms 

(cylindrical and oblong) in the image noise level of images generated in a CT scanner. 

 

 

 

  



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

______________________________________________________________________________ 

58 
 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 3 

2.- MATERIALS AND METHODS 

 

In this work, experimental measurements were obtained from two PMMA chest phantoms. 

These objects are frequently used to simulate CT scans, since the patients should not be 

used in experiments with ionizing radiations. Cylindrical phantoms are used in tests of head 

and chest, generating good results for the head, for example, due to the similarity between 

the shapes. A second object with an oblong shape was developed based on the actual 

dimensions of the axillary region of a male adult chest. This object has the same flat surface 

area, width and volume of the cylindrical phantom and a shape more similar to that of the 

human chest. Thus, the only variable between them is the shape. 

 

Figures 1 and 2 show the dimensions of the cylindrical and oblong phantoms, respectively.  

 

Figures 3 show the cylindrical and the oblong phantoms, placed at the isocenter of the CT 

scanner gantry. 

 

 

 

Figure 1.- Dimensions of the cylindrical chest phantom. 
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Figure 2.- Dimensions of the oblong chest phantom. 

 

 

 

 

Figure 3.- Positioning of Chest PMMA phantoms, cylindrical a and oblong b. 

 

 

Scans were carried out in a Toshiba CT scanner, model Allexion with 16 channel . Table 1 

shows the acquisition protocol parameters that were used for the image generation. 
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Table 1.- Protocol of chest scan. 

Parameter Value 

Voltage (kV) 120 

Current (mA) 200 

Tube rotation time (s) 0.8 

Charge (mA.s) 196 

Beam tickness (mm) 8 

Pitch 1.4 

 

The chest phantoms have five openings one central and four peripherals, where it is 

possible to place metering devices in order to perform the dose evaluation. However, the 

purpose of this paper is to evaluate the influence of the phantom shape on the quality of the 

generated image, through the analysis of the noise level. The openings were filled with 

PMMA rods, in order to produce a uniform volume phantom. 

 

The analysis and assessment of the acquired image quality has been made with the medical 

image software RadiAnt. It is used for image observation in DICOM format. Five points of 

interest were selected, four of them near to the edge of the object and one in the central 

region.  As in a clock hours, the peripheral points were identified as 3, 6, 9 and 12, and the 

central point as C, considering its frontal position inside the gantry. 

 

Figures 4 show the axial images of the central slice of cylindrical and oblong phantoms, 

where the points of interest are identified. 

 

The central image of the scan was selected for this study because it is the slice that receives 

the largest dose portion, due to scattered radiation coming from the adjacent slices. In each 

of the measurement points, the average value in Hounsfield scale (HUaverage) and the 

standard deviation (SD) for a constant-area region of interest (ROI) were obtained. 

 

 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

______________________________________________________________________________ 

61 
 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 3 

 

 

Figure 4.- Axial image of the central slice of the cylindrical and oblong phantoms, with the 

measurement points. 

 

 

So, it became possible to calculate the noise in each point, using the Equation 1. 
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3.- RESULTS 

 

Table 2 presents the values in  Hounsfield Units (HU) and the standard deviations (SD) 

obtained in the chosen ROI. The area of the ROI used was 0.6 cm² and it has approximately 

110 pixels. 

 

Table 2.- HU values in the ROI. 

Position 
Cylindrical Oblong 

Average (HU) SD Average (HU) SD 

C 125.47 32.47 124.38 124.38 

3 122.10 21.48 120.11 19.49 

6 128.25 28.50 129.83 23.37 

9 129.36 23.91 117.12 20.02 

12 134.41 28.04 124.17 26.34 

 

From the acquired data and considering that -1000 HU is the minimum value in the 

Hounsfield scale and the value for the air (HUair  − 000), noise values in each point 

were calculated and they are shown in Table 3. 

 

 

Table 3.- Noise in the cylindrical and oblong phantoms. 

Point 
Noise (%) 

Cylindrical Oblong 

C 2.89 1.73 

3 1.91 2.09 

6 2.53 1.77 

9 2.12 2.36 

12 2.47 1.62 

Average 2.47 1.77 

SD 0.38 0.30 
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4.- DISCUSSION 

 

From the noise values shown in Table 2, it is possible to observe that the cylindrical 

phantom presents higher values than the oblong, about 39.54% higher in average. That is 

mainly due to the increase in the HU value at the central point of the cylindrical phantom, 

due to the beam hardening that hits this point that is always filtered by the same PMMA 

thickness, regardless of the incidence angle of the X-ray beam. In the oblong phantom, the 

shorter axis, composed of the points 6, 12 and C, presents higher HU values than the 

horizontal axis. For both phantoms, the highest HU value occurs in the point 6, because of 

the X-ray beam filtration by the table. 

 

Figure 7 shows some details of the central portion of both phantoms. As it can be seen, the 

noise in the oblong phantom is noticeably lower than in the cylindrical one. Noise values 

were calculated at each point and are presented in Table 3. The noise values in the points 3 

and 9 for both objects are very similar. As for the shorter axis, including the central point, 

the noise is considerably higher in the cylindrical phantom. 

 

   
(a) (b) 

 

Figure 7:  Detail of the noise near the central point in the images of the cylindrical phantom 

(a) and of the oblong phantom (b). 
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5.- CONCLUSIONS 

 

The development of an imaging phantom with a shape is more similar to the human chest 

results in values closer to the ones found on actual patient’s chest exams. On this paper, it 

was noted that, for the same acquisition protocol, noise level is noticeably lower in the 

oblong phantom. That difference is related only to the shape of the object, as both studied 

phantoms have the same volume and, for that reason, it might be interpreted as a 

consequence of the image reconstruction process. 

 

The acquisition parameters are directly associated with image quality and with the absorbed 

dose by patient, and acquisitions that deposit higher doses tend to result in a lower image 

noise. Therefore, protocols used currently in chest scans can be revised in order to decrease 

dose emitted to the patient during the exam without magnification of image noise, avoiding 

diagnostic data losses. 
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